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Excellent Technology for Evolving Industries

Harmonic Drive® actuators utilize high-precision, zero-backlash Harmonic Drive® precision gears and play critical roles in robotics,
semiconductor manufacturing equipment, factory automation equipment, medical diagnostics and surgical robotics. Additionally,
our products are frequently used in mission-critical spaceflight applications which capture the human spirit.

With over 50 years of experience, our expert engineering and production teams continually develop enabling technologies for the
evolving motion control market. We are proud of our outstanding engineering capabilities and successful history of providing
customer specific solutions to meet their application requirements.

Harmonic Drive LLC continues to develop enabling technologies for the evolving motion control market, which drives the pace of
global innovation.

C. Walton Musser
Patented Strain Wave
Gearing in 1955
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Operating Principle of HarmonicDrive® Gears

A simple three-element construction combined with the unique operating principle puts extremely high
reduction ratio capabilities into a very compact and lightweight package. The high-performance attributes

of this gearing technology including, zero-backlash, high-torque-to-weight ratio, compact size, and excellent
positional accuracy, are a direct result of the unique operating principles.

Wave Generator
The Wave Generator is a thin,

elliptical hub. This serves as a

and is generally mounted onto
the input or motor shaft.

raced-ball bearing fitted onto an

high-efficiency torque converter

Flexspline

The Flexspline is a non-rigid,

thin cylindrical cup with external
teeth on the open end of the cup.
The Flexspline fits over the Wave
Generator and takes on its
elliptical shape. The Flexspline

is generally used as the output

Circular Spline

The Circular Spline is a rigid ring
with internal teeth. It engages the
teeth of the Flexspline across the
major axis of the Wave Generator
ellipse. The Circular Spline has
two more teeth than the Flexspline
and is generally mounted onto a

of the gear. housing.

Circular Spline

Wave Generator

As the Wave Generator
rotates the teeth of the

The Flexspline is slightly smaller in
diameter than the Circular Spline
and usually has two fewer teeth than Flexspline engage with the
the Circular Spline. The elliptical Circular Spline at the major
shape of the Wave Generator causes axis.

the teeth of the Flexspline to engage

the Circular Spline at two opposite

regions across the major axis of the

ellipse.

For every 180 degree
clockwise movement of the
Wave Generator, the Flexspline
rotates counterclockwise by
one tooth in relation to the
Circular Spline.

Each complete clockwise
rotation of the Wave Generator
results in the Flexspline moving
counterclockwise by two teeth
from its original position, relative
to the Circular Spline. Normally,
this motion is taken out as
output.

H Development of HarmonicDrive® Speed Reducers

Harmonic Drive® gears have been evolving since the strain wave gear was
first patented in 1955. Our innovative development and engineering teams
have led us to significant advances in our gear technology. In 1988, Harmonic
Drive successfully designed and manufactured a new tooth profile, the "S"
tooth. Since implementing the "S" tooth profile, improvement in life, strength
and torsional stiffness have been realized. In the 1990s, we focused
engineering efforts on designing gears featuring space savings, higher speed,
higher load capacity and higher reliability. Then in the 2000s, significant
reduction in size and thickness were achieved, all while maintaining high
precision specifications.

HarmonicDrive”
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Component Sets
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HarmonicDrive™

CSG / CSF

Consisting of three basic components:
flexspline, circular spline and wave
generator; component gear sets offer
ultimate design flexibility and can be
tightly integrated in equipment
sub-structures.

Housed component gearing combined
with precision cross roller output
bearing & flange. Very compact,
robust and easy to use gearhead
solution.

Simplicity Gear Unit

Non-housed component gearing
combined with a precision cross roller
output bearing. Similar to Gear Units
(above), without the housing and
output flange, for tighter integration
into the customer’s housing or
machine structure.

Series

Pancake

11

B CSG | High Torque
B CSF | Standard
Bl CSD | Super Flat
| High Torque
| Standard
M FB | Standard
m FR | Standard
High Torque

H

——| MCSG-2UH

——{ MCSG-2UH-LW

High Torque Lightweight

——| mCSG-2UK

High Torque Sealed Spline Input

—— WCSF-2UH

Standard

——| MCSF-2UH-LW

Standard Lightweight

—{ B CSF-2UP

Standard Square Housing

—— WCSF mini

Compact

—‘ B CSF supermini

Super Compact

——| mcsD-2uH

Super Flat

| mcsD-2uF

Super Flat Hollow Shaft

—— MSHG-2UH

E

High Torque Hollow Shaft

——| WSHG-2UH-LW

High Torque Lightweight Hollow Shaft

—| mSHF-2UH

Hollow Shaft

——{ W SHF-2UH-LW

Lightweight Hollow Shaft

—— WSHG-2uJ

HighTorque Shaft Input

——| WSHF-2u

Shaft Input

| WSHD-2UH-LW

Super Flat Lightweight Hollow Shaft

Silk Hat

—| mSHG-2sH

High Torque Flat Hollow Shaft

——{ WsHF-25H

Flat Hollow Shaft

——{ MsHG-250

High Torque Flat

| mSHF-250

Flat

—{ m SHD-2SH

Super Flat Hollow Shaft

| mFBS-2UH

Super Flat Hollow Shaft

Shaft Phase Adjusters

Harmonic Drive® unit that allows you
to fine tune the phase and timing
during operation.

SHG /" SHF

| Unit

| Component

| 1:1 Differential

T TP er el 1Trrrrit

| Phase Adjuster

CSG-2UH / CSF-2UH
CSG-2UH-LW  CSF-2UH-LW

CSD-2UH

SHG-2UH / SHF-2UH

CSD-2UF W oG oUH-LW  SHF-2UH-LW
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Example ©:Best O:Better /\:Good

Torque- . -
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JLoldilics Torsional Positional Holl
Peak Torque (Nm) Reduction Ratio Weight orsiona kL Lightweight  Flat Shape (EE Customization
Ratio Stiffness Accuracy Shaft
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SHG-2S0O / SHF-2SO
SHG-2SH  SHF-2SH

SHG-2UJ / SHF-2UJ CSF supermini /* CSF-mini

SHD-2SH

FBS-2UH
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< CSD 061
- SHG/SHF 079
FB 103
-FR 111

Unit

Component Sets I

M Gear Units 123
+ CSG/CSF-2UH 123
+ CSG-2UK 145
+ CSF-2UP 157
+ CSF-Mini 169
« CSF-Supermini 195
+ CSD-2UH/2UF 209
+ SHG/SHF-2UH/2UJ/2SH/2S50 227
+ SHD-2SH/2UH 267
« FBS-2UH 287

Phase Adjuster

Phase Adjusters I

B Differential Gear 299
-FD 300
- FBB 315
- HDI 323

Additional Products

B Other Products 331

» Gearheads and Actuators 331

Gearheads & Actuators

B Warranty period, terms and trademark - 336
[ Safety® 337

Gear Units

HarmonicDrive”
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Engineering Data
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Rotational direction < Cup style 010
and reduction ratio
¢ Silk hat StyYIe «veeeereereerreeesrversenneenes 010
+ PANCaKe Style «sesesesesseseesssseasnanans 011
Rating table definitions 012
Life 012
Torque limits 013
Product sizing and selection 014
Lubrication o Grease lubricant «sesesesesesesesasasacanas 01 6
« Precautions on using
Harmonic Grease® 4B N0.2 «e+esereere 01 8
© Ol JUDHCANT +eerecereeriesrienrienriennens 01 8
. Lubricant for special
CIVITONMENLS  -eserveseeserseeesesseneane 019
Torsional stiffness 020
Positional accuracy 021
Vibration 021
Starting torque 022
Backdriving torque 022
No-load running torque 023
Efficiency 023
Design « Design guideline --.. 024
guidelines . Bearing support of the input
and output Shafts  =+seeseessessesssesnenns 025
« Wave Generator 026
Assembly « Sealing 028
guidelines
* Assembly Precautions «...cceeeeeiecennnns 028
* "dedoidal" state .......ccceeeernniiinnnnins 029
Checking output « Checking procedure «eeeeeesssesneeeeeans 030
bearing « How to calculate the maximum

moment load
« How to calculate the

average l0ad +eeseeeseesnessneesneenneenn 031
« How to calculate the radial load coefficient

(X) and axial load coefficient (Y) +=++=22+e2+ 031
« How to calculate life ....cceeveeneennennnes 032
« How to calculate the life under

oscillating movement «esssseeeeeseennnee 033
« How to calculate the static

Safety Coefﬁcient -------------------------- 034



Tooth Profile

H S tooth profile

Harmonic Drive developed a unique gear tooth profile that optimizes
the tooth engagement. It has a special curved surface unique to the
S tooth profile that allows continuous contact with the tooth profile.
It also alleviates the concentration of stress by widening the width
of the tooth groove against the tooth thickness and enlarging the
radius on the bottom. This tooth profile (the “S tooth”) enables up

to 30% of the total number of teeth to be engaged simultaneously.

Additionally the large tooth root radius increases the tooth strength
compared with an involute tooth. This technological innovation
results in high torque, high torsional stiffness, long life and smooth
rotation.

Conventional tooth profile

Fig. 009-1

S tooth profile

engagement status

Fig. 009-2

HarmonicDrive”
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o)) - - A . .
£ Rotational direction and reduction ratio . 0=
S
Q
Q
=
) up Style
c
w Series: CSG, CSF, CSD, CSF-mini
H Rotational direction
Fig. 010-1
0 7 (2) 3)
E— 1 N 7
» *R indicates the ]
- reduction ratio value A
$ from the ratings table. “
WG
c Input Output CS
()
c (Note) Contact us if you use the product 7
8_ as Accelerator (5) and (8). (1) Reducer (2) Reducer (3) Reducer
Input:  Wave Generator (WG) . -1 Input: ~ Wave Generator . 1 Input:  Flexspline ._ R
£ Output: Flexspline (FS) =R Output: Circular Spline '~ R Output: Circular Spline ~ '~Rq
8 Fixed: Circular Spline (CS) Fixed:  Flexspline Fixed: ~ Wave Generator
@) (5) 7 (6) )
4 & p 4
V
[ | [ ] [ |
| [ | |
. 7 . .
I S < .
2
-E %
) (4) Overdrive (5) Overdrive (6) Overdrive (7) Differential
- Input:  Circular Spline R+1 Input:  Flexspline Input:  Circular Spline When all of the wave generator, the
®© Output: Flexspline j=—— Output: Wave Generator j=-R Output: Wave Generator j=R+1 flexspline and the circular spline rotate,
(] Fixed: ~ Wave Generator R Fixed:  Circular Spline Fixed:  Flexspline combinations (1) through (6) are
© available.
Series: SHG, SHF, SHD
M Rotational direction
Fig. 010-2
ORI @ ¢ Ol
I
» 1 ”
b M o N
Q i *R indicates the ]
7 reduction ratio value B
g |‘ from the ratings. table 1Y _
=) |
< Input Output J
g (Note) Contact us if you use the product = %
© as an overdrive of (5) or (6). (1) Reducer (2) Reducer (3) Reducer
i Input: ~ Wave Generator = -1 Input: ~ Wave Generator = 1 Input:  Flexspline = R
Output: Flexspline R Output: Circular Spline R+1 Output: Circular Spline R+1
Fixed:  Circular Spline Fixed:  Flexspline Fixed: ~ Wave Generator
@ ® B © I
4 [
E— x . . a
N n N
0 | . -
2 . { .
3
< (4) Overdrive (5) Overdrive (6) Overdrive (7) Differential
] Input:  Circular Spline R+1 Input: Flexspline Input:  Circular Spline When all of the wave generator, the
Output: Flexspline i= e Output: Wave Generator  i=-R Output: Wave Generator i=R+1 flexspline and the circular spline rotate,
_g Fixed: ~ Wave Generator Fixed:  Circular Spline Fixed:  Flexspline Combinations (1) through (6) are
© available.
o
=
-
©
Q
O]
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Engineering Data

Series: FB and FR

H Rotational direction

@ s

%

$

Z n

%

1

7 !

0 i
Input Output
N4

(4) Overdrive (5) Overdrive
Input:  Circular SplineS . _R+1 Input: ~ Circular SplineS . +
Output: Circular SplineD '~ "R Output: Wave Generator 1~ R+T1
Fixed: ~ Wave Generator Fixed:  Circular Spline D

Fig. 11-1
@ Y4 @ Pruug @
[ | 4
! " 1 1 ’
: [ | n H
[ 1 ' Z
[ | Z
1 v ' .
. Output Input Output Input Output Input]
Input Output
Y14 Y
(Note) Contact us if you use the product
as Accelerator (5) and (6). (1) Reducer (2) Reducer (3) Reducer
Input: ~ Wave Generator i= -1 Input: ~ Wave Generator i= 1 Input:  Circular Spline D i= R
Output: Circular Spline D R Output: Circular Spline S R+1 Output: Circular Spline S R+1
Fixed:  Circular Spline S Fixed:  Circular Spline D Fixed: ~ Wave Generator

S "

@ Y ®
Input Output | .

e

(7) Differential

When all of the Wave Generator, the
i=-R Circular Spline S and the Circular

Spline D rotate, Combinations (1)

through (6) are available.

(6) Overdrive

Input:  Circular Spline D
Output: Wave Generator
Fixed:  Circular Spline S

Hl Reduction ratio

The reduction ratio is determined by the number of teeth of the
Flexspline and the Circular Spline

Number of teeth of the Flexspline: Zf
Number of teeth of the Circular Spline:  Zc

» Input: Wave Generator
Output: Flexspline
Fixed:  Circular Spline

Reduction 1 Zf-Zc
ratio R+ Zf

> Input:  Wave Generator | Reduction
Output: Circular Spline ratio 2=
Fixed:  Flexspline

1 Ze-zi
R2 Zc

M R1 indicates the reduction ratio value from the ratings table.

Example
Number of teeth of the Flexspline: 200
Number of teeth of the Circular Spline: 202

» Input: Wave Generator
Output: Flexspline
Fixed:  Circular Spline

Reduction i 1 200-202 -1
1= — = T o

ratio R 200 100

> Input:  Wave Generator | Redquction
Output: Circular Spline ratio 2=
Fixed:  Flexspline

1 _202-200 _ 1
Rz 202 101

Gear Units

Gearheads & Actuators

HarmonicDrive”
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Phase Adjusters I

11




12

HarmonicDrive™

Rating Table Definitions

See the corresponding pages of each series for values.

M Rated torque

Rated torque indicates allowable continuous load torque at rated
input speed.

H Limit for Repeated Peak Torque

(see Graph 12-1)
During acceleration and deceleration the Harmonic Drive® gear
experiences a peak torque as a result of the moment of inertia of the
output load. The table indicates the limit for repeated peak torque.

H Limit for Average Torque

In cases where load torque and input speed vary, it is necessary
to calculate an average value of load torque. The table indicates
the limit for average torque. The average torque calculated must
not exceed this limit. (calculation formula: Page 14)

M Limit for Momentary Peak Torque
(see Graph 12-1)

The gear may be subjected to momentary peak torques in the
event of a collision or emergency stop. The magnitude and
frequency of occurrence of such peak torques must be kept to a
minimum and they should, under no circumstance, occur during
normal operating cycle. The allowable number of occurrences of
the momentary peak torque may be calculated by using formula
13-1.

Il Maximum Average Input Speed
Maximum Input Speed

Do not exceed the allowable rating. (calculation formula of the
average input speed: Page 14).

H Moment of Inertia

The rating indicates the moment of inertia reflected to the gear
input.

Life

M Life of the wave generator

The life of a gear is determined by the life of the wave
generator bearing. The life may be calculated by using the
input speed and the output load torque.

Table 012-1
Series name CSF, CSD, SHF' SHD, CSG, SHG
CSF-mini
Lo 7,000 hours 10,000 hours
Lso (average life) 35,000 hours 50,000 hours

Formula 012-1

Table 012-2

Life of L1o or Lso

Rated torque

Rated input speed

Average load torque on the output side (calculation formula: Page 14)

Average input speed (calculation formula: Page 14)

Load torque

Wave Generator
| Rotational speed

Load torque (when the rated torque is 1)

Graph 012-1

Abnormal impact torque

Stop
Start

(Speed cycle)

I

I

I

I

L

I

I

I
= |
I

I

T

I

I
=
I

Load Torque

Repeated Peak Torque
Momentary Peak Torque

— Time

Graph 012-2

17 T
164’ Buckling torque _|
o |

9 Ratcheting torque ——

8

7

Life of wave generator (L)

6 |

5 Fatigue strength of the flexspline

4

3 Momentary peak torque

. |

Repeated peak torque
1 4
Rated torque ‘
0
105 108 107 108 109 10"

Total number of input rotations



Engineering Data

Torque Limits ——mmmmmmmm—————————————

H Strength of flexspline

The Flexspline is subjected to repeated deflections, and its strength
determines the torque capacity of the Harmonic Drive® gear. The
values given for Rated Torque at Rated Speed and for the allowable
Repeated Peak Torque are based on an infinite fatigue

life for the Flexspline.

The torque that occurs during a collision must be below the
momentary peak torque (impact torque). The maximum number of
occurrences is given by the equation below.

Allowable limit of the bending cycles of the flexspline during
rotation of the wave generator while the impact torque is
applied: 1.0 x 10* (cycles)

The torque that occurs during a collision must be below the
momentary peak torque (impact torque). The maximum number
of occurrences is given by the equation below.

Calculation formula

Formula 013-1

Allowable occurrences N occurrences

Time that impact torque is applied t sec

Rotational speed of the wave generator n rpm

The flexspline bends two times per one revolution of the wave generator.

A If the number of occurrences is exceeded, the Flexspline

Caution| May experience a fatigue failure.

M Buckling torque

When a highly excessive torque (16 to 17 times rated torque) is
applied to the output with the input stationary, the flexspline may
experience elastic deformation. This is defined as buckling torque.

* See the corresponding pages of each series for buckling torque values

A When the flexspline buckles, early failure of the

- HarmonicDrive® gear will occur.
Warning

M Ratcheting torque

When excessive torque (8 to 9 times rated torque) is applied
while the gear is in motion, the teeth between the Circular Spline
and Flexspline may not engage properly.

This phenomenon is called ratcheting and the torque at which
this occurs is called ratcheting torque. Ratcheting may cause the
Flexspline to become non-concentric with the Circular Spline.
Operating in this condition may result in shortened life and a
Flexspline fatigue failure.

* See the corresponding pages of each series for ratcheting torque values.

* Ratcheting torque is affected by the stiffness of the housing to be used when
installing the circular spline. Contact us for details of the ratcheting torque.

When ratcheting occurs, the teeth may not be correctly
A engaged and become out of alignment as shown in
Figure 013-1. Operating the drive in this condition will

Caution| ;o se vibration and damage the flexspline.

Once ratcheting occurs, the teeth wear excessively

and the ratcheting torque may be lowered.
Caution

Figure 013-1

Circular Spline

Flexspline

"Dedoidal" condition.

Gear Units

Gearheads & Actuators

HarmonicDrive”
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Engineering Data

Product Sizing & Selection ——mmm—————————————————

In general, a servo system rarely operates at a continuous load
and speed. The input rotational speed, load torque change and
comparatively large torque are applied at start and stop.
Unexpected impact torque may be applied.

These fluctuating load torques should be converted to the
average load torque when selecting a model number.

As an accurate cross roller bearing is built in the direct external
load support (output flange), the maximum moment load, life of
the cross roller bearing and the static safety coefficient should
also be checked.

H Checking the application motion profile

Review the application motion profile. Check the specifications
shown in the figure below.

Graph 14-1
+ T Tn
° T2
3
s : : :
I ‘ ‘ ‘
- I W s
S : : ! ! P
‘ ‘ -
! ! ! ! '+ Time
‘ ‘ ! ! ‘
— | Co\Ts/ ! |
‘ ‘ ‘
= L S R - N S * N P SN
: :
5 e | | ‘
= ‘ | ! ! ‘
28 : : ! 1 :
=8 m | | n3 [ |
50 i k | i i
= | | ! ! |
3 : : fne |
—_—
*n1, n2 and nn indicate the average values. Time

Obtain the value of each application motion
profile.

Load torque Tn (Nm)
Time tn (sec)
Output rotational speed nn (rpm)

Normal operation pattern

Starting (acceleration) T1, t1, n1
Steady operation

(constant velocity) Te, t2, n2
Stopping (deceleration) Ts, t3, N3
Dwell Ta, ta, n4

Maximum rotational speed
Max. output speed

Max. input rotational speed
(Restricted by motors)

Emergency stop torque
When impact torque is applied Ts, ts, ns

Required life

L1o = L (hours)

M Flowchart for selecting a size

Please use the flowchart shown below for selecting a size.
Operating conditions must not exceed the performance

ratings.

Calculate the average load torque applied on the output side from the
application motion profile: Tav (Nm).

Tav =3\J nq *t4 ‘|T1 |3+n2 -t '|T2 |3+' “*np -ty ‘|Tn |3
Ny *ty +n2 ‘t2 4Ny tn

Make a preliminary model selection with the following conditions.
Tav < Limit for average torque torque

(See the rating table of each series).

Calculate the average output Nt +ng st 40000ty

- nnav=s —m5"
speed: no av (rpm) Htto+ tn
Obtain the reduction ratio (R). nimax -
A limit is placed on “ni max” by nomax
motors.

Calculate the average input rotational

speed from the average output .

rotational speed (no av) and the niav=noav-R
reduction ratio (R): ni av (rpm)

Calculate the maximum input

rotational speed from the max. output ni max = no max-R
rotational speed (no max) and the

reduction ratio (R): ni max (rpm)

Check whether the preliminary Niav <  Limit for average speed (rpm)
model number satisfies the

following condition from the Ni max < Limit for maximum speed (rpm)
rating table.

<

Check whether T1 and Ts are less than the repeated peak torque
specification.

<

Check whether Ts is less than the the momentary peak torque
specification.

<

Calculate (Ns) the allowable

number of rotations during 104
impact torque. Ng=——— “veeer Ns < 1.0x104
2. I8 R
60

<

Calculate the lifetime. Tr \3 nr
Lig= 7000-( —) . (— )(hours)
Tav ni av

Check whether the calculated life is equal to or more than the life of
the wave generator (see Page 13).

i

The model number is confirmed.

hod vV V vV 9

Review the operation conditions and model number




Engineering Data -
©
o
H Example of model number selection o))
c
=
Value of each application motion profile Maximum rotational speed [
Load torque T,(Nm) Max. output speed no max = 14 rpm "c’
Time t, (sec) Max. input speed D
Output speed n, (rpom) (Restricted by motors) Lﬁ
Norn_1a| operation_ pattern Emergency stop torque
Starting (acceleration) ~ T1 =400 Nm, t1 = 0.3sec, n1 = 7rpm When impact torque is applied  Ts= 500 Nm, ts = 0.15 sec,
Steady operation ns= 14 rom
(constlant velocity) : T2 = 320 Nm, t2 = 3sec, n2 = 14rpm Required life
Stopping (deceleration) T3 =200 Nm, t3 = 0.4sec, n3 = 7rpm L1 = 7000 (hours)
Dwell Ta=0Nm, t4=0.2sec, na=0rpm
|
(2]
i
Q
w
Calculate the average load torque to the output side based on the application motion profile: Tav (Nm). E
(]
c
T 3 \j 7 rom-0.3 sec-|400Nm|[3+14 rpm-3 sec+|320Nm|3+7 rpm-0.4 sec-[200Nm|3 o
av= 7 rpm+0.3 sec+14 rpm*3 sec+7 rpm+0.4 sec g‘
3
Make a preliminary model selection with the following conditions. Tav = 319 Nm = 451 Nm
(Limit for average torque for model number CSF-40-120-2A-GR: See the rating table on Page 39.)
Thus, CSE-40-120-2A-GH is tentatively selected.
Calculate the average output rotational speed: no av (rpm) N 7rpm-0.8 sec+14 rpm-3 sec+7 rpm-04 sec 12 rpm
0.3 sec + 3 sec + 0.4 sec + 0.2 sec
Obtain the reduction ratio (R). 1800 rpm [
o= 1286 =120
Calculate the average input rotational speed from the pm g
average output rotational speed (no av) and the reduction ni av = 12 rpm-+120 = 1440 rpm c
ratio (R): ni av (rpm) =
Calculate the maximum input rotational speed from the E
maximum output rotational speed (no max) and the ni max = 14 rpm+120 = 1680 rpm O
reduction ratio (R): ni max (rpm) (O]
Check whether the preliminary selected model Ni av = 1440 rpm < 3600 rpm (Max average i .
e . " = = ge input speed of size 40)
number satisfies the following condition from the Ni max = 1680 rpm < 5600 rpm (Max input speed of size 40)
rating table.
Check whether T1 and T3 are equal to or less - .
ot T1 =400 Nm = 617 Nm (Limit of repeated peak torque of size 40)
fhanlEsieeeatediEeaRte IteRpecication T3 = 200 Nm < 617 Nm (Limit of repeated peak torque of size 40) &
v |
(7]
S
. 2 [H]
Check whether Ts is equal to or less than the © -
momentary peak torque specification. Ts = 500 Nm = 1180 Nm (Limit for momentary torque of size 40) b s g
B —
=3
g <
W 2 )
@
- <
Calculate the allowable number (Ns) rotation during impact 104 s o
torque and confirm < 1.0x104 Ng=———————=1190 = 1.0x104 3
14 rpm-120 5
2:————-0.15sec 1<)
60 5
g
g
v o
g
3 [
3
£t 294 Nm 3 2000 rpm o (7))
Calculate the lifetime. L= 7 . . h p e
10 = 7000 ( 319 Nm ) ( 420 rpm | (1our®) S
3
Check whether the calculated life is equal to or more than the life of the wave generator (see Page 12). "6’
L, =7610 hours = 7000 (life of the wave generator: L10) <
o3
[72]
©
1]
Q
The selection of model number CSF-40-120-2A-GR is confirmed from the above calculations. %
Q
O
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Lubrication

Component Sets: CSD-2A, CSF-2A, CSG-2A, FB-2, FB-0, FR-2,
SHF-2A, SHG-2A and SHD and SHG/SHF -2SO and -2SH gear units:
Grease lubricant and oil lubricant are available for lubricating the
component sets and SHD gear unit. It is extremely important to
properly grease your component sets and SHD gear unit. Proper
lubrication is essential for high performance and reliability. Harmonic
Drive® component sets are shipped with a rust- preventative oil. The
characteristics of the lubricating grease and oil types approved by
Harmonic Drive are not changed by mixing with the preservation oil. It
is therefore not necessary to remove the preservation oil completely
from the gear components. However, the mating surfaces must be
degreased before the assembly.

Gear Units: CSG/CSF 2UH and 2UH-LW; CSD-2UF and -2UH;
SHG/SHF-2UH and 2UH- LW; SHG/SHF-2UJ; CSF Supermini, CSF
Mini, and CSF-2UP.

Grease lubricant is standard for lubricating the gear units. You do not
need to apply grease during assembly as the product is lubricated
and shipped.

See Page 19 for using lubricant beyond the temperature range in
table 16-2.

Table 016-1
Harmonic Grease® SK-1A
Grease Harmonic Grease® SK-2
Harmonic Grease® 4B No.2
Oil Industrial gear oil class-2 (extreme pressure) 1ISO VG68
Table 016-2
SK-1A  0°C to + 40°C
Grease SK-2 0°C to +40°C
4B No.2 —-10°C to + 70°C
Qil ISO VG68  0°C to + 40°C

* The hottest section should not be more than 40° above the ambient

temperature.

Note: The three basic components of the gear - the Flexspline, Wave Generator and
Circular Spline - are matched and serialized in the factory. Depending on the product
they are either greased or prepared with preservation oil. Then the individual
components are assembled. If you receive several units, please be careful not to mix
the matched components. This can be avoided by verifying that the serial numbers of

the assembled gear components are identical.

Grease lubricant

M Types of lubricant

Harmonic Grease® SK-1A
This grease was developed for Harmonic Drive® gears and features good
durability and efficiency.

Hl Compatible grease by size

Compatible grease varies depending on the size and reduction
ratio. See the following compatibility table. We recommend SK-1A

and SK-2 for general use.

Table 016-5
Harmonic Gr ® SK-2 size 8 11 14 17 | 20 | 25 | 32
This grease was developed for small sized Harmonic Drive® gears and SK-1A _ _ _ _ @) @) @)
features smooth rotation of the Wave Generator since high pressure additive is SK-2 9 9) @) e) — _ _
liquefied. 4B No.2 Al Al Al A lololo
Harmonic Grease® 4B No.2
This has been developed exclusively for the CSF and CSG and features long
life and can be used over a wide range of temperature. Table 016-6
Size 8 1 14 17 20 25 32
chc)ate) lubricati th ling, this i tial for 4B No.2 SKiA S e e e O SR SR S
. Grease lubrication must have proper sealing, this is essential for 0.2. ¥
Rotating part: Oil seal with spring is needed. She S) O O O 4 4 L
Mating part: O ring or seal adhesive is needed. 4B No.2 — — O O O O O
2. The grease has the highest deterioration rate in the region where the grease
is su_bject_ed _to the greatest shear (near wave gener_ator). _ Size 40 45 50 58 65 80 90 100
Its viscosity is between JIS No.0 and No.00 depending on the operation.
Table 0163 SK-1A O1O0 10101010100
avle 016 SK-2 A = = = = = = =
NLGI consistency No. Mixing consistency range 4B No.2 O O O [} O ] ] ]
0 355 to 385
00 400 to 430
Table 016-4 Table 016-7
Grease SK-1A SK-2 4B No.2 Grease SK-1A SK-2 4B No.2
) ) . ) . Composite Durability O O ©)
Base oil Refined oil Refined oil hydrocarbon oil R e 0O 0 ®
Base Viscosity Low-temperature performance A A O
CSt (25°C) 265 to 295 265 to 295 290 to 320 reasa oo ®) ®) A
Thickening agent Lithium soap Lithium soap Urea
base base
NLGI consistency No. 2 No. 2 No. 1.5
No.
Additive Extreme-pressure | Extreme-pressure | Extreme-pressure
additive, others additive, others additive, others
Drop Point 197°C 198°C 247°C
Appearance Yellow Green Light yellow
Storage life 5 years ir.m'sealed 5 years ir.1'sealed 5 years ir)_sealed
condition condition condition




Hl When to replace grease

The wear characteristics of the gear are strongly influenced by the
condition of the grease lubrication. The condition of the grease is
affected by the ambient temperature. The graph 017-1 shows the
maximum number of input rotations for various temperatures. This
graph applies to applications where the average load torque does not
exceed the rated torque.

Note: Recommended Grease: SK-1A or SK-2

When to replace grease: LaTn (When the average load

torque is equal to or less than the rated torque) Graph 017-1
10" 7 7
—
Grease Life
\B No.2
1]
c 100
] — m
S \
<] \
3 \ SK-1A
£ SK-2
5 \
9]
o
E
Z 108 -
Wave Generator Life
107
20 40 60 80 100 120

Grease temperature (°C)

Calculation formula when the average load torque
exceeds the rated torque Formula 017-1

3
Ler=Lem X ( T.Lrv )

M Other precautions

1. Avoid mixing different kinds of grease. The gear should be in
an individual case when installed.

2. Please contact us when you use HarmonicDrive® gears at
constant load or in one direction continuously, as it may cause
lubrication problems.

3. Grease leakage. A sealed structure is needed to maintain the high
durability of the gear and prevent grease leakage.

Engineering Data

Formula Symbols Table 017-1
Lot Grease change (if average load input
torque exceeds rated torque) revolutions
L, | Grease change (if average load torque i"IPU,' g
- is equal o or less than rated torque) (F'?grﬁlg?a?m S il 7.
Tr Rated torque Nm See the "Ratings Table"
of each series.
Tav | Average load torque Nm Calculation formula:

See Page 014.

H See the corresponding pages of the design guide of each series for “Recommended

minimum housing clearance,” Application guide” and “Application quantity.”

Gear Units

Gearheads & Actuators
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Engineering Data

Precautions on using Harmonic Grease® 4B No.2

Harmonic Grease® 4B No.2 lubrication is ideally suited for Harmonic Drive® gears.

(1) Apply the grease to each contacting joint at the beginning of operation.
(2) Remove any contaminants created by abrasion during running-in period.

B See the corresponding pages of the design guide of each series for “recommended minimum housing
clearance,” Application guide” and “Application quantity.”

M Precautions

(1) Stir Grease
When storing Harmonic Grease 4B No.2 lubrication in the container, it is common for the oil to weep from the thickener.

Before greasing, stir the grease in the container to mix and soften.

(2) Aging (running-in)
The aging before the main operation softens the applied grease. More effective greasing performance can be realized when the
grease is distributed around each contact surface.
Therefore, the following aging methods are recommended.
« Keep the internal temperature at 80°C or cooler. Do not start the aging at high temperature rapidly.
« Input rotational speed should be 1000rpm to 3000rpm. However, the lower rotational speed of 1000rpm is more effective.
Set the speed as low as possible within the indicated range.
+ The time required for aging is 20 minutes or longer.
« Operation range for aging: Keep the output rotational angle as large as possible.

Contact us if you have any questions for handling Harmonic Grease 4B No.2 lubrication.

Note: Strict sealing is required to prevent grease leakage.

Oil lubricant

M Types of oil

The specified standard lubricant is “Industrial gear oil class-2 (extreme pressure) ISO VG68.”
We recommend the following brands as a commercial lubricant.

Table 018-1
. . . Idemitsu . .
Standard Mobil Oil Exxon Shell COSMO Oil |Japan Energy | NIPPON Oil Kosan General Oil Kliber
Industrial gear oil A
classg.z Mobilgear Spartan Omala Oil Cosmo gear ES gear Bonock M68, Daph;:afuper Ggr;e;la?ll Syntheso
(extreme pressure) (  600XP68 EP68 68 SE68 G68 Bonock AX68 LW68 D-68EP
ISO VG68 roll 68

H When to replace oil

First time «-eeeeeeeneicnieennns 100 hours after starting operation

Second time or after - Every 1000 operation hours or every 6 months
Note that you should replace the oil earlier than specified if the operating
condition is demanding.

H See the corresponding pages of the design guide of each series for specific
details.

H Other precautions

1. Avoid mixing different kinds of oil. The gear should be in an
individual case when installed.

2. When you use size 50 or above at max allowable input speed,
please contact us as it may cause lubrication problems.

* Qil lubrication is required for component-sets size 50 or larger with a reduction ratio of 50:1.



Lubricant for special environments

Engineering Data

When the ambient temperature is special (other than the
“temperature range of the operating environment” on Page 016-2),
you should select a lubricant appropriate for the operating
temperature range.

Harmonic Grease 4B No.2 Table 019-1
Type of Operating temperature range aualiable
lubricant P 9 P 9 temperature range
Grease -10°C to + 110°C -50°C to + 130°C

High temperature lubricant Table 019-2
Type of . Available
Jubricant Lubricant and manufacturer temperature range
Grease Mobil grease 28: Mobil Oil -5°Cto +160°C
Qil Mobil SHC-626: Mobil Oil —5°C to + 140°C
Low temperature lubricant Table 019-3
Type of 3 Available
Jubricant Lubricant and manufacturer temperature range
Multemp SH-KII: Kyodo Oil -30°Cto +50°C
Grease Isoflex LDS-18 ial A
soflex -18 special A: _25°C to + 80°C
KLUBER or
SH-200-100CS: Toray Silicon | —40°Cto+140°C
Oil
Syntheso D-32EP: o .
KLUBER 25°C to + 90°C

Harmonic Grease 4B No.2

The operating temperature range of Harmonic Grease 4B No.2
lubrication is the temperature at the lubricating section with the
performance and characteristics of the gear taken into
consideration. (It is not ambient temperature.)

As the available temperature range indicates the temperature of
the independent lubricant, restriction is added on operating
conditions (such as load torque, rotational speed and operating
cycle) of the gear. When the ambient temperature is very high
or low, materials of the parts of the gear need to be reviewed for
suitability. Contact us if operating in high temperature.

Harmonic Grease 4B No.2 can be used in the available
temperature range shown in table 019-1. However, input
running torque will increase at low temperatures, and grease life
will be decreased at high temperatures due to oxidation and
lubricant degradation.

Engineering Data I
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Torsional Stiffness

Stiffness and backlash of the drive system greatly affects the
performance of the servo system. Please perform a detailed
review of these items before designing your equipment and
selecting a model number.

M Stiffness

Fixing the input side (wave generator) and applying torque to the
output side (flexspline) generates a torsional angle almost
proportional to the torque on the output side. Figure 020-1 shows
the torsional angle at the output side when the torque applied on
the output side starts from zero, increases up to +To and
decreases down to —To. This is called the “Torque — torsion angle
diagram,” which normally draws a loop of 0-A-B-A"-B’ - A.
The slope described in the “Torque — torsion angle diagram” is
represented as the spring constant for the stiffness of the
HarmonicDrive® gear (unit: Nm/rad).

As shown in Figure 020-2 “Spring Constant Diagram” is divided
into 3 regions, and the spring constants in the area are
represented by K1, K2 and Ks.

K1 ---- The spring constant when the torque changes from [zero] to [T1]
K2 ---- The spring constant when the torque changes from [T1] to [T2]
K3 -+-- The spring constant when the torque changes from [T2] to [T3]

l Example for calculating the torsion angle

The torsion angle () is calculated here using
CSF-25-100-2A-GR as an example.

When the applied torque is T1 or less, the torsion angle 0.1
is calculated as follows:
When the load torque Ti1=2.9 Nm
B =Tu/Ki
=2.9/3.1x10*
=9.4x10"°rad (0.33 arc min)

When the applied torque is between T1 and Tz, the torsion
angle 0.2 is calculated as follows:
When the load torque is T.e=39 Nm
B2 =061+ (T-T1)/K2
=4.4x10+ +(39-14)/5.0x10*
=9.4x10+ rad (3.2 arc min)

When a bidirectional load is applied, the total torsion angle will
be 2 x Bux plus hysteresis loss.

M Hysteresis loss (Silk hat and cup style only)

As shown in Figure 020-1, when the applied torque is increased to
the rated torque and is brought back to [zero], the torsional angle
does not return exactly back to the zero point This small difference
(B - B') is called hysteresis loss.

Figure 020-1
Torsion angle
A
Hysteresis loss — B
Torque
=To 0 —+To
B
A
Figure 020-2
Torsion angle
0:

% % o/ L J Torque

M Backlash (Silk hat and cup style only)

Hysteresis loss is primarily caused by internal friction. It is a very
small value and will vary roughly in proportion to the applied load.
Because HarmonicDrive® gears have zero backlash, the only true
backlash is due to the clearance in the Oldham coupling, a
self-aligning mechanism used on the wave generator. Since the
Oldham coupling is used on the input, the backlash measured at
the output is extremely small (arc-seconds) since it is divided by
the gear reduction ratio.



Positional Accuracy

Positional Accuracy values represent the difference between the
theoretical angle and the actual angle of output for any given input.
The values shown in the table are maximum values.

M See the corresponding pages of each series for transmission
accuracy values.

Example of measurement Graph 021-1

Transmission accuracy

Actual output angle

o AL AANARAADA A AL AARANAN
: AR AR AN AR AR

Vibration

The primary frequency of the transmission error of the
HarmonicDrive® gear may cause a vibration of the load inertia. This
can occur when the driving frequency of the servo system including
the HarmonicDrive® gear is at, or close to the resonant frequency of
the system. Refer to the design guide of each series.

The primary component of the transmission error occurs twice per
input revolution of the input. Therefore, the frequency generated by
the transmission error is 2x the input frequency (rev / sec).

If the resonant frequency of the entire system, including the
HarmonicDrive® gear, is F=15 Hz, then the input speed (N) which
would generate that frequency could be calculated with the formula
below.

Formula 021-2

15

N = 2 + 60 =450 rpm

The resonant frequency is generated at an input speed of 450 rpm.

How to the calculate resonant
frequency of the system

Formula variables

The resonant frequency of the

Hz

Nm/rad

kgm?

Engineering Data
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Starting Torque

Starting torque is the torque value applied to the input side at which
the output first starts to rotate. The values in the table of each series
indicate the maximum value, and the lower-limit value indicates
approximately '/> to '/s of the maximum value.

Measurement conditions:
No-load, ambient temperature: +20°C

Backdriving Torque

Backdriving torque is the torque value applied to the output side at
which the input first starts to rotate. The values in the table are
maximum values, typical values are approximately '/, of the
maximum values.

Note: Never rely on these values as a margin in a system that must
hold an external load. A brake must be used where back driving is
not permissible.

Measurement conditions:
No-load, ambient temperature: +20°C




No-Load Running Torque

No-load running torque is the torque which is required to rotate the
input side (high speed side), when there is no load on the output
side (low speed side). The graph of the no-load running torque
shown in this catalog depends on the measurement conditions
shown in Table 023-1.

Add the compensation values shown by each series to all reduction
ratios except 100:1.

Table 023-1

Reduction ratio 100

Grease

Lubricant N
lubrication

Name

Harmonic Grease SK-1A

Harmonic Grease SK-2

Quantity

(See pages of each series)

Torque value is measured after 2 hours at 2000 rpm input

Efficiency

The efficiency varies depending on the following conditions.

M Reduction ratio

W Input speed

M Load torque

B Temperature

B Lubrication (type and quantity)

The efficiency characteristics of each series shown in this catalog
depends on the measurement condition shown in Table 023-2.

M Efficiency compensation coefficient

If load torque is below rated torque, a compensation factor must be
employed. Calculate the compensation coefficient Ke from the
efficiency compensation coefficient graph of each series and use
the following example for calculation.

Example of calculation

Table 023-2

Installation | Based on recommended tolerance

Load The rated torque shown in the rating table (see the corresponding

torque | pages on each series)

Efficiency n (%) under the following condition is obtained from the
example of CSF-20-80-2A-GR.

Input rotational speed: 1000 rpm

Load torque: 19.6 Nm

Lubrication method: Grease lubrication (Harmonic Grease SK-1A)
Lubricant temperature: 20°C

Since the rated torque of size 20 with a reduction ratio of 80 is 34
Nm (Ratings: Page 039), the torque ratio a is 0.58.
(a=19.6/34=0.58)

Harmonic Grease SK-1A
Name
X Grease Harmonic Grease SK-2
Lubricant | |, prication
Quanti Recommended quantity
uantity .
(see the pages on each series)
Graph 023-1

1.0
o 0.9
X
+= 0.8
5 n =Ko
© ns = Efficiency at rated torque
g 0.7
©
Q
© 0.6
c
S
=
§ 05
]
Q 0.4
S T tio o — Load torque.
3 03 Orque ratio @ = Rated torque

: | |

0.1 0.2 03 0.4 05 0.6 0.7 0.8 0.9 1.0

Torque ratio
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Design Guidelines

Design guideline

The relative perpendicularity and concentricity of the three basic Harmonic Drive® elements have an important influence on accuracy
and service life.

Misalignments will adversely affect performance and reliability. Compliance with recommended assembly tolerances is essential in order
for the advantages of Harmonic Drive® gearing to be fully realized. Please consider the following when designing:

(1) Input shaft, Circular Spline and housing must be concentric.

(2) When operating, an axial force is generated on the wave generator. Input
bearings must be selected to accommodate this axial load. See page 27.

(8) Even though a HarmonicDrive® gear is compact, it transmits large torques.
Therefore, assure that all required bolts are used to fasten the circular
spline and flexspline and that they are tightened to the recommended
torque.

(4) As the flexspline is subject to elastic deformation, the A minimal clearance
between the flexspline and housing is required. Refer to "Minimum Housing
Clearance" on the drawing dimension tables.

(5) The input shaft and output shaft are supported by anti-friction bearings.
As the wave generator and flexspline elements are meant to transmit pure
torque only, the bearing arrangement needs to isolate the harmonic gearing
from external forces applied to either shaft. A common bearing
arrangement is depicted in the diagram.

(6) A clamping plate is recommended (item 6). Its purpose is to spread
fastening forces and to avoid any chance of making physical contact with
the thin section of the flexspline diaphragm. The clamping plate shall not
exceed the diaphragm's boss diameter and is to be designed in
accordance with catalog recommendations.

Fig. 024-1

24 HarmonicDrive™




Engineering Data

Bearing support for the input and output shafts

For the component sets, both input and output shafts must be
supported by two adequately spaced bearings in order to withstand
external radial and axial forces without excessive deflection.

In order to avoid damage to the component set when limited
external loads are anticipated, both input and output shafts must be
axially fixed.

Bearings must be selected whose radial play does not exceed
ISO-standard C 2 class or “normal” class. The bearings should be
axially and radially preloaded to eliminate backlash.

Examples of correct bearing arrangements are shown in fig 025-1.

Fig. 025-1

Output 7 Input

— Output
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o
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Engineering Data IR

Wave generator

H Structure of the wave generator

The wave generator includes an Oldham's coupling type with a
self-aligning structure and an integrated solid wave generator
without a self-aligning structure, and which is used depends on
the series.

See the diagram of each series for details. The basic structure
of the wave generator and the shape are shown below.

Fig. 026-1
1) Ball Separator

M @ @ Y @ ® 2) Wave generator bearing

3) Wave generator plug

4) Insert

5) Rubwasher

6) Snap ring

7) Wave generator hub

|
@ 6 © @
Oldham's coupling Solid wave generator
Structure of Oldham's coupling Fig. 026-2




Hl Maximum hole diameter of wave generator

Fig. 027-1
The standard hole dimension of the wave generator is shown for
each size. The dimension can be changed within a range up to the
maximum hole dimension. We recommend the dimension of keyway @
based on JIS standard. It is necessary that the dimension of
keyways should sustain the transmission torque. H
In cases where a larger hole is required, use the wave generator
without the Oldham coupling. The maximum diameter of the hole
should be considered to prevent deformation of the Wave Generator
plug by load torque. The dimension is shown in the table below and
includes the dimension of depth of keyway.
(This is the value including the dimension of the depth of keyway.)
Table 027-1
Unit: mm
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Standard dim. (H7) 3 5 6 8 9 11 14 14 19 19 22 24 28 28 28
Minimum hole dim. — — 3 4 5 6 6 10 10 10 13 16 16 19 22
Maximum hole dim{  — — 8 10 13 15 15 20 20 20 25 30 35 37 40
Table 027-2
Unit: mm
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Max. hole dia.¢pV" 10 14 17 20 23 28 36 42 47 52 60 67 72 84 95
Min. plug thick.HS,| 5.7 6.7 7.2 7.6 11.3 11.3 13.7 15.9 17.8 19 21.4 23.5 28.5 31.3 34.9
M Axial Force of Wave Generator
Fig. 027-2
When the gear is used to accelerate a load, the deflection of the
Flexspline leads to an axial force acting on the Wave Generator. This
axial force, which acts in the direction of the closed end of the
Flexspline, must be supported by the bearings of the input shaft
(motor shaft). When the gear is used to decelerate a load, an axial
force acts to push the Wave Generator out of the Flexspline cup.
Maximum axial force of the Wave Generator can be calculated by
the equation shown below. The axial force may vary depending on
its operating condition. The value of axial force tends to be a larger F F
number when using high torque, extreme low speed and constant o T —
operation. The force is calculated (approximately) by the equation. Direction of Direction of
In all cases, the Wave Generator must be axially (in both axial force during axial force during
. ; ’ . ) nd acceleration or deceleration
directions), as well as torsionally, fixed to the input shaft. constant velocity
(Note)
Please contact us for further information on attaching the Wave
Generator to the input (motor) shaft.
Table 027-3
Reduction ratio Calculation formula
30 T Formula 027-1
F=2x7x0.07xtan 32 Model name:  CSF series
50 o T, R Size: 32
F=2x30.07xtan 30 Reduction ratio: 50
Output torque: 382 Nm
80 or more —ox T, o h
F=2x-x0.07xtan 20 (maximum allowable momentary torque)
382
=2x —————— x0.07xtan 30°
Table 027-4 (32x0.00254)
F Axial force N See Figure 027-2 _
D Size m F=380N
T Output torque Nm

HarmonicDrive”
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Assembly Precautions |

Sealing is needed to maintain the high durability of the gear and
prevent grease leakage. Recommended for all mating surfaces, if
the o-ring is not used. Flanges provided with o-ring grooves must
be sealed when a proper seal cannot be achieved using the o-ring
alone.

* Rotating Parts

-+ Oil seal with spring is

needed.

* Mating flange  «-eeeeeeeeieienennenns O-ring or seal adhesive is
needed.

» Screw hole area «.«eeeeeeveevenneecnennns Screws should have a thread

lock (LOCTITE® 242 is
recommended) or seal
adhesive.

(Note) If you use Harmonic Grease 4BNo.2, strict sealing is required.

Table 028-1

Area requiring sealing Recommended sealing method

Hole§ which penetrate Use O-ring (supplied with the product)

housing
Output
side - . )
" Screw lock adhesive which has effective
Installation screw / bolt | sea| (LOCTITE® 242 is recommended)
Flange surfaces Use O-ring (supplied with the product)
Input

Please select a motor which has an oil

side Motor output shaft seal on the output shaft.

Assembly precautions

The wave generator is installed after the flexspline and circular spline. If the wave generator is not inserted into the flexspline last, gear
teeth scuffing damage or improper eccentric gear mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will
cause noise and vibration, and can lead to early failure of the gear. For proper function, the teeth of the flexspline and Circular Spline

mesh symmetrically.

M Precautions on the wave generator

1. Avoid applying undue axial force to the wave generator during
installation. Rotating the wave generator bearing while
inserting it is recommended and will ease the process.

2. If the wave generator does not have an Oldham coupling,
extra care must be given to ensure that concentricity and
inclination are within the specified limits

H Precautions on the circular spline

The circular Spline must not be deformed in any way during
the assembly. It is particularly important that the mounting
surfaces are prepared correctly

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate relief in the housing corners is needed to prevent
interference with the corner of the circular spline.

4. The circular spline should be rotatable within the housing. Be
sure there is not interference and that it does not catch on
anything.

5. When a bolt is inserted into a bolt hole during installation,
make sure that the bolt fits securely and is not in an improper
position or inclination.

6. Do not apply torque at recommended torque all at once.
First, apply torque at about half of the recommended value
to all bolts, then tighten at recommended torque. Order of
tightening bolts must be diagonal.

7. Avoid pinning the circular spline if possible as it can reduce
the rotational precision and smoothness of operation.

M Precautions on the flexspline

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate clearance with the housing is needed to ensure no
interference especially with the major axis of flexspline

4. Bolts should rotate freely when installing through the mounting
holes of the flexspline and should not have any irregularity due
to the shaft bolt holes being misaligned or oblique.

5. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them to the specified torque. Tighten
them in an even, crisscross pattern.

6. The flexspline and circular spline are concentric after
assembly. After installing the wave generator bearing, if it
rotates in unbalanced way, check the mounting for dedoidal or
non-concentric installation.

7. Care should be taken not to damage the flexspline diaphragm
or gear teeth during assembly.
Avoid hitting the tips of the flexpline teeth and circular spline
teeth. Avoid installing the CS from the open side of the
flexspline after the wave generator has been installed.

H Rust prevention

Although the Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The
gear external surfaces typically have only a temporary corrosion
inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.



Engineering Data

"Dedoidal" state

It is normal for the flexspline to engage with the circular spline
symmetrically as shown in Figure 029-1. However, if the ratcheting
phenomenon, which is described on Page 013, is caused or if the
three parts are forcibly inserted and assembled, engagement of the
teeth may be out of alignment as shown in Figure 029-2. This is
called "dedoidal". Note: Early failure of the gear will occur.

H How to check "dedoidal"

By performing the following methods, check whether the gear

engagement is "dedoidal".

(1) Judging by the irregular torque generated when the wave
generator turns

1) Slowly turn the input shaft with your hand in a no-load

condition. If you can turn it with average force, it is normal. If

it turns irregularly, it may be "dedoidal".

2) Turn the wave generator in a no-load condition if it is

attached to a motor. If the average current value of the motor

is about 2 to 3 times the normal value, it may be "dedoidal".

(2) Judging by measuring vibration on the body of the flexspline

The scale deflection of the dial gauge draws a sine wave as
shown by the solid line in Graph 029-3 when it is normally
assembled. When "dedoidal" occurs, the gauge draws a
deflected wave shown by the dotted line as the flexspline is out
of alignment.

Normal engagement status

"Dedoidal" status

Fig. 029-1

Deflection of the dial gauge

o

\

Dedoidal

ol

al

/
/
/

Fig. 029-2

Graph 029-3
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180° rotation

360° rotation
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—
Rotational angle of
the wave generator

Measuring the deflection on the body of the flexspline

Fig. 029-4

Dial gauge
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Engineering Data NN

Checking Output Bearing m——

A precision cross roller bearing is built in the unit type and the gear head
type to directly support the external load (output flange) (precision 4-point
contact ball bearing for the CSF-mini series).

Please calculate maximum moment load, life of cross roller bearing, and
static safety factor to fully maximize the performance of a housed unit
(gearhead).

B See the corresponding pages on each series for cross roller bearing
specifications.

Checking procedure

(1) Checking the maximum moment load (Mmax)

Calculate maximum moment load Maximum moment load (Mmax) < allowable
(Mmax). moment (Mc)

(2) Checking the life

axial load (Faav).

and the axial load coefficient (y).

Calculate the radial load (Frav) and the average P Calculate the radial load coefficient (x)

Calculate
lifetime

(8) Checking the static safety coefficient
Calculate the static equivalent P Check the static

radial load coefficient (Po). safety coefficient. (fs)

How to calculate the maximum moment load

Maximum moment load (Mmax) is obtained as follows.
Make sure that Mmax = Mc.

Formula 030-1 External load influence diagram Fig. 030-1
M max = Frmax (Lr+R) +Fa max +La
Symbols for Formula 030-1 Table 030-1 Load Fixed
Frmax Max. radial load N(kgf) See Fig. 030-1. A
Radial load
Famax Max. axial load N(kgf) See Fig. 030-1. Fr
Il s
T
Ly, La — m See Fig. 030-1.
R Offset amount - See Fig. 030-1 gnd“ Specmcatlgn of
the output bearing" of each series. ©
g RS
Axial load
—>
Fa Lr
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How to calculate the average load

(Average radial load, average axial load, average output speed)

When the radial load and axial load vary, the life of cross roller bearing can be
determined by converting to an average load.

How to calculate the average axial load (Faav)

How to calculate the average radial load (Frav)

Formula 031-1

Formula 031-2

How to calculate the average output speed

(Nav)

Formula 031-3

Graph 031-1
Fr
+
B Fr2
o
—_ |
% : » Time
51 I |
o } |
|
- | |
| ! ! Fr3 !
! |
| | | |
+ | Fa' | | |
| |
2 I |
k] Fa
L i
g ] » Time
| |
| |
|
- | I , Fa®*
R I 2 | 3 |
e e e
I | | |
| | | |
+ I |
! i n? ! i
: Lo e
o
@ ! 1
5 | ! .
=3 » Time
>
o

How to calculate the radial load coefficient (X) and axial load coefficient (Y)

Faav

Formula 031-4

[}
-
(&)

Frav+2 (Frav (Lr+R) + Frav  La) /dp

0.45

Faay

>1.5 0.67

Frav+2 (Frav (Lr+R) + Frav  La) /dp

0.67

Symbols for Formula 031-4

Table 031-1

See "How to calculate the average

of a roller

Frav | Average radial load | N(kf) | 1oaq.* See Formula 031-1.
. See "How to calculate the average
Faay AR Nikgf) load." See Formula 031-2. °
Lr, La m | See fig. 030-1
R Offset amount m See Fig. 030-1 and "Main roller
bearing specifications" of each series
dp Pitch circle diameter m See Fig. 030-1 and "Specification of

the output bearing" of each series.
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Engineering Data
S
©
[m]
m - -
= Life of the output bearing
® Calculate life of the output bearing by Formula 032-1.
£ You can calculate the dynamic equivalent radial load (Pc) by Formula 032-2.
(o]
c
w Formula 032-1 Formula 032-2
(Cross roller bearing) 2(Frav (Lr+R) + Frav - La
. Pc=X-(Frav+ LS bl )>+Y-Faav
Lio= 10 < ( (¢} )‘“’3 dp
=760 x Nav fwePc
] (4-point contact ball bearing) Symbols for Formula 032-2 Table 032-2
. See "How to calculate the average
"te Lo = 10° c ; Frav Average radial load | N (kg load." See Formula 031-1.
Q " 60xNav fwePc 0
(7)) . See "How to calculate the average
i Faav Average axial load | N (kgf) load." See Formula 031-2.
u:) d Pitch circle m See Fig. 030-1 and "Specification of the
g Symbols for Formula 032-1 Table 032-1 P diameter output bearing" of each series.
% L1o Life hour —_— X Radial load coefficientf —— See Formula 031-4.
[ Average output rated "H Icul h
(&) Nav Igad spZed rpm See 33::;3: TO‘;: ?te the Y Axial load coefficient| —— See Formula 031-4.
Basic dynamic See "Specification of the output .
c rated load N (kgf) bearing" of each series. Ly La - m See Figure 030-1.
. . See Fig. 030-1 and "Specification of the
Pc | Dynamic equivalent | N (kgf) See Formula 032-2. R Offset m output bearing" of each series,
fw Load coefficient J— See Table 032-3.
|
(7]
=
:C> Load coefficient Table 032-3
E Load status fw
Q Steady operation without impact and vibration 1to1.2
o Normal operation 12t0 1.5
Operation with impact and vibration 15t03
|
(]
S
(]
-
(2]
=
T
<
Q
(7]
©
=
o
|
(]
LS
[e]
-
©
=
=]
(&)
<
o3
(2]
T
(1]
o
=
e
©
Q
)
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How to calculate life during oscillating motion

Calculate the life of the cross roller bearing during oscillating
motion by Formula 033-1.

Symbols for Formula 033-1

Formula 033-1

Table 033-1

Rated life for
Loc oscillating motion | hour i
1 Round trip oscillation e
n each minute cpm
Basic dynamic rated R
Cc load N (kgf)
Dynamic equivalent
Pc radial load N (kgf) See Formula 032-2.
fw Load coefficient _ See Table 032-3.
5] Oscillating angle /2 | Degree See Fig. 033-1.

Engineering Data

Fig. 033-1

e
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e N\
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\ Gl /
‘\‘\ / P /'/

Oscillating angle

(Note) A small angle of oscillation (less than 5 degrees) may cause
fretting corrosion to occur since lubrication may not circulate
properly. Contact us if this happens.
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How to calculate the static safety coefficient

Engineering Data

Basic static rated load is an allowable limit for static load,
but its limit is determined by usage. In this case, static safety
coefficient of the cross roller bearing can be calculated by
Formula 034-2.

Formula 034-1

Formula 034-2

Co 2M max
fs=——o— Po = Fr max +0.44Fa  max
Symbols for Formula 034-1 Table 034-1  Symbols for Formula 034-2 Table 034-2
Basic static See "Specification of the .
Co rated load Nkgf) output bearing" of each series. Frmax Max. radial load N(kgf)
Static equivalent See "How to calculate
Po radi a(II load N(kgf) See Formula 034-2. Famax Max. axial load N(kgf) the maximum moment
load" on Page 030.
Static Safety Coefficient Table 034-3 Mmax Max. moment load | Nm(kgfm)
i i i See Fig. 030-1 and
Operating condition of the roller bearing fs dp Pitch g;r:l:eotl::lea"meter m ;Spqc#ifatfion oI: the output
earing” of each series.
When high rotation precision is required =3

When shock and vibration are expected =2

Under normal operating condition




CSG/CSF Series

Component Set CSG/CSF

Features 036
Ordering code 037
Technical data « Rating table «--::ooeeeeeeseeneiniinnenns 038

Design guide

* Outline drawing and dimensions -- 040

« Positional accuracy --..-..ceoesveevenens 042
* Hysteresis 10SS -woeereereeruenuenuennens 042
« Backlash 042
« Torsional stiffness .......coceevereennnne 042
« Starting torque 043
« Backdriving torque -«---sssssesesseenens 043
« Ratcheting torque ....cccceveverennenes 044
+ Buckling torque «-..-eeceeeeerueeennn 044
« No-load running torque «-«-..ceeveeeeveese 044
* Efficiency 046
* Lubrication 048
+ Assembly tolerances « - -sseeseeseess 051
« Sealing 051
+ Installation of the --.-ecoevervenernens 052

three basic elements

* Application 059
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Component set csa/cse

IFeatur—re s

Structure of CSG/CSF series component set

Fig. 036-1

Circular Spline

1
[ ]

]
%

111

Wave Generator

Flexspline / EI

CSG/CSF component set

Harmonic Drive® zero backlash, precision component sets are the core
motion control mechanisms. The CSF standard torque version, and
CSG high-torque version component sets are available in a wide variety
of sizes and ratios. These high accuracy gearing components are often
used as the core building block for high performance, custom servo
actuators and motion control systems. Customer-supplied servo motors
can also be easily integrated. These compact gears are extremely
customizable and can be seamlessly integrated into your design.

Features
B Zero backlash

B Compact and simple design

W High torque capacity

H High stiffness

H High positioning and rotational accuracies
M Coaxial input and output

Series

CSG

+ CSG high torque version offers 30% higher torque than CSF
series.

+ Life for CSG series has been improved by 43% (10,000 hours)
compared to the CSF series

+ Ratios: 50:1 ~160:1

+ Peak Torque 1.8~9200 Nm

+ Sizes 73~260mm

CSF

» Ratios 30:1 ~ 160:1 (30:1 reduction ratio on 7 sizes)
+ Peak Torque 23~3400 Nm

+ Sizes 30~330mm

Comparison between CSG series and CSF series Graph 036-1
Rated torque
Input inertia Peak torque at start/stop
Stiffness Momentary peak torque
Capacity Ratcheting torque
Life Buckling torque i ggg series
—.— series




|
Component Set CSG/CSF .
-
©
(]
Ordering Code 2
=
Q
(3]
£
(o]
CSG-25-100-2A-GR -SP :
0 v 0 1]
Al v v v vTable 037-1
Series Sl
specification [ ]
14 50 80 100 — — »
17 50 80 100 120 = -'5
20 50 80 100 120 160 GR= set SP= Special N
component se specification
656 = iz gg :g :gg Eg 128 2A=cOmponent set | - ot ientes on 2011 code g
High Torque 2U;|=housed unit * Not indicated on 2UH Blank= Standard b
40 50 80 100 120 160 product )
45 50 80 100 120 160 Q.
50 = 80 100 120 160 =
58 — 80 100 120 160 8
65 — 80 100 120 160
*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline
CSF'25'100'2A'GR' SI |
: : 7
: : : : =
: : : : LR c
M M v M vTable 037-2 8
Series Spogial
specification
8 30 50 — 100 - -
11 30 50 — 100 — —
14 30 50 80 100 — —
17 30 50 80 100 120 —
20 30 50 80 100 120 160 GR= SP=  Special
25 30 50 80 100 120 160 component set specification
32 30 50 | 80 | 100 | 120 | 160 , 2ARiforSize 8, 14, 17 d
CSF = 2A=component s.et * Not indicated on 2UH code
Standard Torque 40 = 50 80 100 120 160 2UH=housed unit Blank= Standard
45 — 50 80 100 | 120 | 160 product I
5072 — 50 80 100 120 160
5872 — 50 80 100 120 160 E
657 = 50 80 100 120 160 2
802 - 50 80 100 120 160 %’
9072 = 50 80 100 120 160 £o)
1002 — 50 80 100 120 160 <
*1 The reduction ratio value is based on the following configuration: 3
Input: wave generator, fixed: circular spline, output: flexspline 2
*2 QOil lubrication is required for component-sets size 50 or larger with a reduction o
ratio of 50:1.
|
(7]
S
o
-
©
=
—
o
<L
o3
(2]
T
(1]
o
<
B
(1]
Q
o
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Technical Data

Rating table

H CSG series

Table 038-1
Rated Torque at Limit for Repeated Limit for Average  Limit for Momentary Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Nm kgfm Nm kgfm Nm kgfm Nm kgfm Oil Grease Oil Grease x104:(gmz Km,sngmz
50 7.0 0.7 23 2.3 9.0 0.9 46 4.7
14 80 10 1.0 30 3.1 14 1.4 61 6.2 14000 | 8500 6500 3500 | 0.033 | 0.034
100 10 1.0 36 3.7 14 1.4 70 7.2
50 21 2.1 44 4.5 34 3.4 91 9
80 29 2.9 56 5.7 35 3.6 113 12
17 100 31 30 70 75 51 5.2 143 5 10000 | 7300 6500 3500 | 0.079 | 0.081
120 31 3.2 70 7.2 51 5.2 112 11
50 33 3.3 73 7.4 44 4.5 127 13
80 44 4.5 96 9.8 61 6.2 165 17
20 100 52 5.3 107 10.9 64 6.5 191 20 10000 6500 6500 3500 0.193 0.197
120 52 5.3 113 11.5 64 6.5 191 20
160 52 5.3 120 12.2 64 6.5 191 20
50 51 5.2 127 13 72 7.3 242 25
80 82 8.4 178 18 113 12 332 34
25 100 87 8.9 204 21 140 14 369 38 7500 5600 5600 3500 | 0.413 | 0.421
120 87 8.9 217 22 140 14 395 40
160 87 8.9 229 23 140 14 408 42
50 99 10 281 29 140 14 497 51
80 153 16 395 40 217 22 738 75
32 100 | 178 18 433 44 281 29 841 86 7000 4800 4600 3500 1.69 1.72
120 178 18 459 47 281 29 892 91
160 | 178 18 484 49 281 29 892 91
50 178 18 523 53 255 26 892 91
80 268 27 675 69 369 38 1270 130
40 100 | 345 35 738 75 484 49 1400 143 5600 4000 3600 3000 4.50 4.59
120 | 382 39 802 82 586 60 1530 156
160 [ 382 39 841 86 586 60 1530 156
50 229 23 650 66 345 35 1235 126
80 407 4 918 94 507 52 1651 168
45 100 | 459 47 982 100 650 66 2041 208 5000 3800 3300 3000 8.68 8.86
120 | 523 53 1070 109 806 82 2288 233
160 | 523 53 1147 117 819 84 2483 253
80 484 49 1223 125 675 69 2418 247
100 | 611 62 1274 130 866 88 2678 273
S0 120| 688 | 70 | 1404 | 143 | 1057 | 108 | 2678 | 273 | 4900 | 3500 | 3000 | 2500 | 125 | 128
160 | 688 70 1534 156 1096 112 3185 325
80 714 73 1924 196 1001 102 3185 325
100 [ 905 92 2067 211 1378 141 4134 422
58 120| 969 | 99 | 2236 | 228 | 1547 | 158 | 4320 | 441 | 4000 | 8000 | 2700 | 2200 | 27.3 | 27.9
160 | 969 99 2392 244 1573 160 4459 455
80 969 99 2743 280 1352 138 4836 493
100 | 1236 126 2990 305 1976 202 6175 630
65 120 | 1236 126 3263 333 2041 208 6175 630 200 2200 2 Tl s 48
160 | 1236 126 3419 349 2041 208 6175 630
(Note) 1. Oil lubrication is required for size 50 or higher with a reduction ratio of 50:1. Use grease lubrication within half the rated torque.
2. Moment of inertia: I= %GD2
3. See Rating Table Definitions on Page 12 for details of the terms.
4. If maximum allowable momentary torque is applied, see "Installation of the flexspline" of each series.
H CSF series Table 038-2
Rated Torque at Limit for Repeated Limit for Average  Limit for Momentary Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Nm kgfm Nm kgfm Nm kgfm Nm kgfm Qil Grease (o]]] Grease mJLgmz Xm.ang‘msn
30 0.9 0.09 1.8 0.18 1.4 0.14 3.3 0.34
8 50 1.8 0.18 3.3 0.34 2.3 0.24 6.6 0.67 14000 | 8500 6500 3500 | 0.003 | 0.0031
100 [ 2.4 0.25 4.8 0.49 3.3 0.34 9.0 0.92
30 22 0.22 4.5 0.46 34 0.35 8.5 0.87
11 50 3.5 0.36 8.3 0.85 55 0.56 17 1.7 14000 8500 6500 3500 0.012 0.012
100 [ 5.0 0.51 11 1.1 8.9 0.91 25 2.6
30 4.0 0.41 9.0 0.92 6.8 0.69 17 1.7
14 50 | 54 0.55 18 1.8 6.9 0.70 35 36 | 14000 | 8500 | 6500 | 3500 | 0.033 | 0.034
80 7.8 0.80 23 2.4 11 1.1 47 4.8
100 7.8 0.80 28 2.9 11 1.1 54 5.5
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B CSF series Table 0391 §
Rated Torque at  Limit for Repeated Limit for Average  Limit for Momentary ~ Maximum Input Limit for Average Moment of O
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia LICJ
Nm kgfm Nm kgfm Nm kgfm Nm kgfm (o] Grease Oil Grease x1o‘||(gm’ x10"ngfms’
30 8.8 0.9 16 1.6 12 1.2 30 3.1
50 16 1.6 34 3.5 26 2.6 70 71
17 80 22 2.2 43 4.4 27 2.7 87 8.9 10000 | 7300 6500 3500 | 0.079 | 0.081
100 24 2.4 54 5.5 39 4.0 108 11
120 24 2.4 54 5.5 39 4.0 86 8.8
30 15 15 27 2.8 20 2.0 50 5.1 _
50 25 2.5 56 5.7 34 3.5 98 10 3
80 34 3.5 74 7.5 47 4.8 127 13 Q
20 100 20 21 8 8.4 29 5.0 147 15 10000 | 6500 6500 3500 | 0.1983 | 0.197 (2]
120 | 40 41 87 89 | 49 50 | 147 | 15 c
160 40 4.1 92 9.4 49 5.0 147 15 g
30 27 2.8 50 5.1 38 3.9 95 9.7 o
50 39 4.0 98 10 55 5.6 186 19 g‘
80 63 6.4 137 14 87 8.9 255 26
25 00l & o8 157 6 108 v 284 29 | 7500 | 5600 | 5600 | 3500 | 0.413 | 0.421 8
120 67 6.8 167 17 108 11 304 31
160 67 6.8 176 18 108 11 314 32
30 54 5.5 100 10 75 7.7 200 20
50 76 7.8 216 22 108 1 382 39
80 118 12 304 31 167 17 568 58
32 100 137 1a 333 ) 216 2 647 P 7000 4800 4600 3500 1.69 1.72
120 | 137 14 353 36 216 22 686 70 I
160 137 14 372 38 216 22 686 70
50 137 14 402 4 196 20 686 70 _.‘Q
80 | 206 21 519 53 284 29 980 100 =
40 100 265 27 568 58 372 38 1080 110 5600 4000 3600 3000 4.50 4.59 =
120 [ 294 30 617 63 451 46 1180 120 E
160 [ 294 30 647 66 451 46 1180 120 )
50 176 18 500 51 265 27 950 97 o
80 313 32 706 72 390 40 1270 130
45 100 | 353 36 755 77 500 51 1570 160 5000 3800 3300 3000 8.68 8.86
120 402 41 823 84 620 63 1760 180
160 | 402 4 882 90 630 64 1910 195
50 245 25 715 73 350 36 1430 146
80 372 38 M 96 519 53 1860 190
50 100 [ 470 48 980 100 666 68 2060 210 4500 3500 3000 2500 12.5 12.8
120 [ 529 54 1080 110 813 83 2060 210
160 | 529 54 1180 120 843 86 2450 250
50 353 36 1020 104 520 53 1960 200 ]
80 549 56 1480 151 770 79 2450 250
58 100 | 696 71 1590 162 1060 108 3180 325 4000 3000 2700 2200 27.3 27.9 e
120 745 76 1720 176 1190 121 3330 340 2
160 | 745 76 1840 188 1210 123 3430 350 %’
50 490 50 1420 145 720 73 2830 289 E<)
80 745 76 2110 215 1040 106 3720 380 <
65 100 [ 951 97 2300 235 1520 155 4750 485 3500 2800 2400 1900 46.8 47.8 3
120 | 951 97 2510 256 1570 160 4750 485 ©
160 [ 951 97 2630 268 1570 160 4750 485 E
50 872 89 2440 249 1260 129 4870 497
80 | 1320 135 3430 350 1830 187 6590 672
80 100 | 1700 173 4220 431 2360 241 7910 807 2900 2300 2200 1500 122 124
120 | 1990 203 4590 468 3130 319 7910 807
160 | 1990 203 4910 501 3130 319 7910 807
50 | 1180 120 3530 360 1720 176 6660 680
80 | 1550 | 158 | 3990 | 407 | 2510 | 256 | 7250 | 740 |
90 100 [ 2270 232 5680 580 3360 343 9020 920 2700 2000 2100 1300 214 218 »
120 [ 2570 262 6160 629 4300 439 9800 1000 B
160 | 2700 276 6840 698 4300 439 11300 | 1150 ""5‘
50 | 1580 161 4450 454 2280 233 8900 908 3
80 2380 243 6060 618 3310 338 11600 1180 (8]
100 100 | 2940 300 7350 750 4630 472 14100 | 1440 2500 1800 2000 1200 356 363 <
120 | 3180 324 7960 812 5720 584 15300 1560 o3
160 | 3550 362 9180 937 5720 584 15500 | 1580 %
(Note) 1. Oil lubrication is required for size 50 or higher with a reduction ratio of 50:1. Use grease lubrication within half the rated torque. ©
2. Moment of inertia: I= % GD? g
3. See Rating Table Definitions on Page 12 for details of the terms. E
4. If maximum allowable momentary torque is applied, see "Installation of the flexspline" of each series. 8
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Component Set CSG/CSF

Outline Dimensions

You can download the CAD files from our website: harmonicdrive.net

Fig. 040-1
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—% No key on WG hub for sizes 8, 11, 14 and 17
3 P70 Size 8
* Please refer to the confirmation drawing for detailed dimensions.
Fig. 040-3
B Dowel Pins mee mee
In cases where the gear will see loads near the Ha
Momentary Peak Torque level, the use of additional e
dowel pins in addition to the screws is recommended.
Dowel pin holes are manufactured by reamer and
the dimensions are shown. Note: the CSF has 7____@_ . :;
a different number of dowel pin holes than the CSG.
It is important to note that Dowel Pins are always included Il
with LW versions.
Fig. 040-2
@) (5)(6) (7 @) (5)(6)(7)
CSF-8, 11, 14,17  CSF-20, 25, 32, 45, 58,90  CSF-40, 50, 65, 80, 100

(CSF series)

(CSG series)
* Provision is possible for the holes under pins. Please specify when ordering.

H Wave generator components

The wave generator utilizes an Oldham coupling.
(1) Ball separator

(2) Wave generator bearing

(8) Wave generator plug

(4) Insert

(5) Rub washer

(6) Snap ring

(7) Wave generator hub

There is a difference in appearance of the the ball separator
between CSF and CSG.

CSG-20 to 58

All CSF sizes/CSG-14,17,65



Table 041-1
Unit : mm
Symbol Rl 8 1 14 17 20 25 32 40 45 50 58 65 80 9 100
DA h6 30 40 50 60 70 85 110 | 135 | 155 | 170 | 195 | 215 | 265 | 300 | 330
B CSG Series — — 28.53.(32.59:|33528.| 3735 44 36 5386 |58.58:| 6485 |75.58s| 8386 — — —
CSF Series | 22.1 3:|25.8 38,2858, (3258 (3353 373 | 443, | 533, [5852.| 6439 |7552% | 833 | 101 9. [112.5 %] 125 3¢
Ci* 125 145 175%| 2070 [ 21.5%°] 240° | 28¢° | 34¢°| 38%°| 41| 48%° | 52.5%¢°| 64¢° | 71.5°%| 79%°
Co* 96 | 11.3 11 125 12 13 16 19 20.5 23 275 | 305 37 41 46
D 2.7 2 2.4 3 3 3 3.2 4 45 5 5.8 6.5 8 9 10
E — 2 2 25 3 3 3 4 4 4 5 5 6 6 6
F 45 5 6 6.5 7.5 10 14 17 19 22 25 29 36 41 46
G GCSG Series = = 1.4 1.6 15 3.5 4.2 5.6 6.3 7 8.2 9.5 = = =
GSF Series = = 0.4 0.3 0.1 2.1 25 3.3 3.7 42 4.8 5.8 6.6 75 8.3
hg, |CSG Series — — 185 | 207 | 215 | 216 | 236 | 297 | 305 | 348 | 383 | 446 — — —
CSF Series 12 16 176 | 195 | 201 | 202 22 275 | 279 32 349 | 409 | 491 | 482 | 567
He = = = = = = = 0.4 = 0.8 = 22 3.1 = 45
ol |Felos=30 — 31 38 48 54 67 90 110 | 124 | 135 | 156 | 177 | 218 | 245 | 272
Ratio 30:1 — 31 38 48 55 68 90 — — — — — — — —
oJ 123 | 17.8 23 27.2 32 40 52 64 72 80 928 | 104 | 128 | 144 | 160
®K H6 6 6 11 10 16 20 26 32 36 40 46 52 65 72 80
L GSG Series = = 8 16 16 16 16 16 16 16 16 16 = = =
GCSF Series 8 8 6 12 12 12 12 12 12 12 12 12 16 16 16
oM 2.2 2.9 35 3.4 35 45 5.5 6.6 9 9 11 11 11 14 14
No M2 | M25 | M3 M3 M3 M4 M5 M6 M8 M8 | M0 | mio | mio | m12 | m12
Ne — — M3 M3 M3 M4 M5 M6 M6 M8 M8 M8 M8 | mM12 | m10
0 3 3 6 6.5 4 6 7 9 12 13 15 15 15 18 20
P 2.2 2.9 — — 35 45 5.5 6.6 9 9 11 11 11 14 14
Q(PCD) 255 35 44 54 62 75 100 | 120 | 140 | 150 | 175 | 195 | 240 | 270 | 300
R — 6 6 6 8 8 8 8 8 8 8 8 10 8 12
S — 3.4 45 5.5 55 6.6 9 11 135 | 155 | 155 18 18 22 22
T:(PCD) — 12 17 19 24 30 40 50 54 60 70 80 100 110 130
T.(PCD) — 152 | 185 | 215 27 34 45 56 61 68 79 90 114 | 120 | 142
dUs 7 11 14 18 21 26 26 32 32 32 40 48 55 60 65
oU: - — = = = — = 32 — 32 — 48 55 — 65
oV Standard (H7)[ 3 5 6 8 9 11 14 14 19 19 22 24 28 28 28
Max. size - — 8 10 13 15 16 20 20 20 25 30 35 37 40
WJs9 — — — — 3 4 5 5 6 6 6 8 8 8 8
X — — — — [ 104%| 128" 16.3 3" 16.3 37| 21.8 "] 21.8 %[ 24.8 %[ 27.3 % 31.3¢?| 31.3'%| 31.3 %2
Y = co2 | co3 | co4 | co4 | co4 | co4 | cos | cos | cos | cos | cos | cos | cos | cos
dZi 0.1 020 | 020 | 020 [ 025 | 025 | 025 | 030 | 050 | 050 | 05 0.5 0.5 1.0 1.0
®Z- — 020 | 025 | 025 | 025 [ 030 | 050 | 050 | 075 | 075 | 075 | 1.0 1.0 1.0 1.0
b7 — 002 | 002 | 002 [ 002 | 002 | 0,02 | 0,02 | 002 | 002 | 002 [ 002 | 002 | 002 | 0.02
®a | minimum 21.5 30 38 45 53 66 86 106 | 119 | 133 | 154 | 172 | 212 | 239 | 265
b housing 1134 | 14 17.1 19 20.5 23 26.8 33 36.5 39 46.2 50 61 68.5 76
c clearance = — 1 1 15 15 15 2 2 2 25 | 25 3 3 3
CSG Series — — 3 3 3 4 5 6 6 8 8 8 — — —
4oCH7 T CoF Series — 2 3 3 3 4 5 6 6 8 8 8 8 12 10
i Cc0.3 | co4 | co4 | co4 | co4 | co4 | cos | co4 | co4 | co4 | co4 | co4 | Co4 | CO4 | CO.4
d co0.3 | co.3 | coa | coa | coa | cos | coa | co4 | cos | cos | coa | coa | co4a | co4a | coa
ds co03 | co3 | cos | cos | cos | cos | cos | cos | cos | cos | cos | cos | cos | cos | cos
e 2 3 25 3 — — — — — — — — — — —
f M2x3 | M3x4 [ M3x4 | M3x6 | — = = = = = = = — = —
Mass (kg) 0.026 | 005 | 009 | 015 | 028 | 042 [ 0.89 1.7 2.3 3.2 4.7 67 | 124 | 176 | 235

@ The pilot diameter for the Circular spline can be either @I or JA.

Surface A is the recommended mounting surface.

@ The following dimensions can be modified to accommodate
customer-specific requirements.

Wave Generator: @V, X, W
Flexspline: R, @S
Circular Spline: @M, L

@ *“Dimensions B, C1 and C2 must meet the tolerance values
shown above.

@ Due to the deformation of the Flexspline during operation,
it is necessary to provide a minimum housing clearance,
dimensions ¢a, b, c.

Component Sets I
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E See "Engineering data" for a description of terms.
o Table 042-1
Q . Size
c Ratio ) 8 11 14 17 20 25 32 40~100
— Specification
g s x107"rad 5.8 5.8 5.8 4.4 4.4 4.4 4.4 -
tandard -
w 30 arc min 2 2 2 1.5 1.5 1.5 15 -
Special x107rad - - - = 2.9 2.9 2.9 —
arc min _ —_ — — 1 1 1 —
Standard x10™rad 5.8 5.8 4.4 4.4 2.9 2.9 2.9 2.9
RN arc min 2 2 1.5 1.5 1 1 1 1
Special x10™rad — — 2.9 2.9 1.5 1.5 1.5 1.5
arc min — — 1 1 0.5 0.5 0.5 0.5
_ *Positioning accuracy for Size 11, 100:1 is 4.4x10*rad/1.5arc min.
2 .
$ See "Engineering data" for a description of terms.
— Table 042-2
S Ratio S 8 11 14 17 20 25 32 40 or more
g 20 x10™rad 8.7 8.7 8.7 8.7 8.7 8.7 8.7 -
o arc min 3.0 3.0 3.0 3.0 3.0 3.0 3.0 -
g 59 x10™rad 8.7 5.8 5.8 5.8 5.8 5.8 5.8 5.8
O arc min 3.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
80 or x10™rad 5.8 5.8 2.9 2.9 2.9 2.9 2.9 2.9
more arc min 2.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0
See "Engineering data" for a description of terms.
Table 042-3
I Ratlo Sze g 41 14 17 20 25 32 40 45 50 58 65 80 90 100
._g 30 x10”rad | 28.6 23.8 29.1 16.0 13.6 13.6 11.2 - - — — - - - -
c arc sec 59 49 60 33 28 28 23 — — — — — — — —
> 50 x10”rad | 17.0 141 17.5 9.7 8.2 8.2 6.8 6.8 5.8 5.8 4.8 4.8 4.8 3.9 2.9
E arc sec 35 24 36 20 17 17 14 14 12 12 10 10 10 8 6
8 80 x107rad — — 11.2 6.3 5.3 5.3 4.4 4.4 3.9 3.9 2.9 2.9 2.9 2.4 2.4
arc sec — — 23 13 11 11 9 9 8 8 6 6 6 5 5
100 x10%rad | 8.7 7.3 8.7 4.8 4.4 4.4 3.4 3.4 2.9 2.9 2.4 2.4 2.4 1.9 1.5
arc sec 18 15 18 10 g g 7 7 6 6 5 5 5 4 3
120 x10"rad — — — 3.9 3.9 3.9 2.9 2.9 2.4 2.4 1.9 1.9 1.9 1.5 15
arc sec — — — 8 8 8 6 6 5 5 4 4 4 3 3
160 x10"rad — = = — 2.9 2.9 2.4 2.4 1.9 1.9 1.5 1.5 1.5 1.0 1.0
arc sec — = = = 6 6 5 5 4 4 8 3 3 2 2
_ ee "Engineering data" for a description of terms.
Table 042-4
o Size g 1 14 17 20 25 32 40 45 50 58 65 80 90 100
Q Symbol
"‘;,' T Nm| 0.29 0.80 2.0 3.9 7.0 14 29 54 76 108 168 235 430 618 843
2 ' kgfm| 0.03 | 0.082 | 0.20 0.40 0.70 1.4 3.0 5.5 7.8 11 17 24 44 63 86
T T Nm| 0.75 2.0 6.9 12 25 48 108 196 275 382 598 843 1570 | 2260 | 3040
< : kgfm| 0.077 | 0.20 0.7 1.2 2.5 4.9 11 20 28 39 61 86 160 230 310
g K x10°Nm/rad [ 0.034 | 0.084 | 0.19 0.34 0.57 1.0 2.4 - - — - — — — —
g ! kgfm/arc min| 0.010 [ 0.025 | 0.056 | 0.10 0.17 0.30 0.70 — - - - — - - -
o K. x10°Nm/rad [ 0.044 | 0.13 0.24 0.44 0.71 1.3 3.0 - — — — — — — —
kgfm/arcmin| 0.013 | 0.037 | 0.07 0.13 0.21 0.40 0.89 — — — — — — — —
K x10°'Nm/rad [ 0.054 | 0.16 0.34 0.67 1.1 21 4.9 — — — — — — — —
Ratio kgfm/arcmin| 0.016 | 0.047 | 0.10 0.20 0.32 0.62 15 — — — — — — — —
30 8 x107%ad| 8.5 9.5 10.5 11.5 12.3 14 1241 — — — — — — — -
arcmin| 3.0 3.3 3.6 4.0 4.1 4.7 4.3 — - - - — — — —
[ 6 x107%ad| 19 19 31 30 38 40 38 — — — — — — — —
arcmin| 6.6 6.5 10.7 10.2 12.7 13.4 13.3 — — — — — — — —
2 K, x10‘Nm/rad | 0.044 | 0.22 0.34 0.81 1.3 2.5 5.4 10 15 20 31 44 81 118 162
2 kgfm/arc min| 0.013 | 0.066 0.1 0.24 0.38 0.74 1.6 3.0 4.3 5.9 9.3 13 24 35 48
© K. x10‘Nm/rad | 0.067 | 0.30 0.47 1.1 1.8 3.4 7.8 14 20 28 44 61 115 162 222
_E kgfm/arc min| 0.020 | 0.090 | 0.14 0.32 0.52 1.0 2.3 4.2 6.0 8.2 13 18 34 48 66
2 Rg:)io K. x10‘Nm/rad | 0.084 [ 0.32 0.57 1.3 2.3 4.4 9.8 18 26 34 54 78 145 206 283
o3 kgfm/arc min| 0.025 | 0.096 | 0.17 0.4 0.67 1.3 2.9 5.3 7.6 10 16 23 43 61 84
P o x107rad| 6.6 3.6 5.8 4.9 5.2 5.5 5.5 5.2 5.2 5.5 5.2 5.2 5.2 5.2 5.2
he] arcmin| 2.3 1.2 2.0 1.7 1.8 1.9 1.9 1.8 1.8 1.9 1.8 1.8 1.8 1.8 1.8
8 8 x10%rad| 13 8 16 12 15.4 15.7 15.7 15.4 15.1 15.4 15.1 15.1 15.1 15.4 15.1
-E : arcmin| 4.7 2.6 5.6 4.2 5.3 5.4 5.4 5.3 5.2 5.3 5.2 5.2 5.2 5.2 5.2
8 * The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
(&)
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Table 043-1
S— Size g il 14 17 20 25 32 40 45 ) 58 65 80 90 100
nm| 029 | 0.80 | 2.0 3.9 7.0 14 29 54 76 108 | 168 | 235 | 430 | 618 | 843
T km| 0.03 [ 0.082 | 0.2 0.4 0.7 14 3.0 5.5 7.8 11 17 24 44 63 86
nm| 075 | 2.0 6.9 12 25 48 108 | 196 | 275 | 382 | 598 | 843 | 1570 | 2260 | 3040
& kgm| 0.077 [ 0.2 0.7 1.2 25 4.9 11 20 28 39 61 86 160 | 230 | 310
«o'Nmrad| 0.091 | 0.27 | 0.47 1 16 3.1 6.7 13 18 25 40 54 100 | 145 | 200
K gmacmn| 0.027 | 0.080 | 014 | 03 | 047 | 092 | 20 3.8 5.4 7.4 12 16 30 43 59
«oNmrad| 010 | 0.34 | 061 | 1.4 25 5.0 11 20 29 40 61 88 162 | 230 | 310
K [ gmacmn| 0.081 | 010 | 0.18 | 04 | 0.75 | 15 32 6.0 8.5 12 18 26 48 68 93
Reduction| . |__*1Nmres| 012 [044 [ 071 | 16 2.9 5.7 12 23 33 44 71 98 185 | 263 | 370
ratio kgfm/arc min| 0.036 | 0.13 0.21 0.46 0.85 1.7 3.7 6.8 9.7 13 21 29 55 78 110
80 or «0ad| 3.2 | 3.0 41 3.9 4.4 4.4 4.4 41 4.1 4.4 4.1 44 44 4.4 4.4
more | acmin| 1.1 1.0 1.4 1.3 15 15 15 1.4 1.4 15 1.4 15 15 15 15
“07rad| 8 6 12 97 [ 113 [ 111 [ 116 [ 114 | 114 | 111 | 111 | 113 | 113 | 116 | 11.3
8. acmin| 2.6 | 22 42 33 3.9 3.8 4.0 3.8 38 | 38 338 3.9 3.9 4.0 3.9

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.

Startlng torq e See "Engineering data" for a description of terms. Values shown vary depending on condition. Please use values as a

reference.

Table 043-2
H CSG Series Unit: Ncm
Size
Ratio 14 17 20 25 32 40 45 50 58 65
30 — — — — — — — — — —
50 3.6 5.6 7.3 13 29 51 69 = = =
80 2.6 3.6 4.5 8.5 18 32 45 59 90 121
100 2.3 3.2 41 7.6 17 29 40 53 80 108
120 - 3.0 3.6 6.9 14 26 36 50 74 101
160 = = 3.2 6.1 13 23 32 43 64 88
Table 043-3
B CSF Series Unit: Nem
ot S g 11 14 17 20 25 32 40 45 50 58 65 80 90 100
30 1.3 2.7 4.3 6.5 11 19 45 — — — — — — — —
50 0.8 1.6 3.3 5.1 6.6 12 26 46 63 86 130 180 320 450 590
80 — — 2.4 3.3 4.1 7.7 16 29 41 54 82 110 200 280 380
100 0.59 1.1 2.1 2.9 3.7 6.9 15 26 36 48 73 98 180 250 340
120 — — - 2.7 3.3 6.3 13 24 33 45 67 92 170 230 310
160 — — — — 2.9 85 12 21 29 39 58 80 140 200 270
See "Engineering data" for a description of terms. Values shown vary depending on condition. Please use values as a
reference. Table 043-4
B CSG Series Unit: Nm
matio Sk 14 17 20 25 32 40 45 50 58 65
30 - — — — — — — — — —
50 15 2.8 4.4 8.3 18 31 41 = = =
80 1.5 2.8 4.6 8.5 18 31 43 58 89 132
100 1.9 3.1 5.0 9.2 20 34 46 63 97 143
120 — 3.4 5.4 10 21 37 52 69 107 154
160 = = 6.4 12 25 44 63 85 132 187
Table 043-5
B CSF Series Unit: Nm
Ratio Size 11 14 17 20 25 32 40 45 50 58 65 80 90 100
30 0.65 1.3 2 3.2 5.5 10 21 — — — — — — — —
50 0.5 1 1.4 2.5 4 7.5 16 28 37 52 80 110 200 270 360
80 — — 1.4 2.5 4.2 7.7 16 28 39 53 81 120 200 270 370
100 0.7 1.4 1.7 2.8 4.5 8.4 18 31 42 57 88 130 220 300 400
120 — — — 3.1 4.9 9.2 19 34 47 63 97 140 240 330 440
160 — — — — 5.8 11 23 40 57 77 120 170 290 390 540

Gear Units

Gearheads & Actuators

HarmonicDrive”
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Component Set CSG/CSF

Ratcheting torque See "Engineering data" for a description of terms.

Table 044-1
H CSG Series Unit: Nm
‘ = 14 17 20 25 32 40 45 ) 58 65
Ratio
50 110 190 280 580 1200 2300 3500 — — —
80 140 260 450 880 1800 3600 5000 7000 10000 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 — 150 310 610 1200 2400 3600 4900 7500 10000
160 — — 280 580 1200 2300 3300 4600 7200 10000
Table 044-2
B CSF Series Unit: Nm
o S g 11 4 17 20 25 3% 40 45 50 58 65 8 9 100
30 11 29 59 100 170 340 720 — — — — — — — —
50 12 34 88 150 220 450 980 1800 2700 3700 5800 7800 | 14000 | 20000 | 29000
80 — — 110 200 350 680 1400 2800 3900 5400 8200 | 11000 | 22000 | 30000 | 44000
100 14 43 84 160 260 500 1000 2100 3100 4100 6400 9400 | 16000 | 23000 | 33000
120 - - - 120 240 470 980 1900 2800 3800 5800 8300 | 15000 | 21000 | 30000
160 — — — — 220 450 980 1800 2600 3600 5600 8000 | 14000 | 20000 | 28000
Buckling torque See "Engineering data" for a description of terms.
Table 044-3
B CSG Series Unit: Nm
Size 14 17 20 25 32 40 45 50 58 65
All ratios 260 500 800 1700 3500 6700 8900 12200 19000 26600
Table 044-4
M CSF Series Unit: Nm
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Al ratios 35 90 190 | 330 | 560 | 1000 | 2200 | 4300 | 5800 | 8000 | 12000 | 17000 | 31000 | 45000 | 58000

No-load running torque

No-load running torque is the torque which is required to rotate the
input side (high speed side), when there is no load on the output
side (low speed side).

* Contact us for detailed values.

Il Compensation Value in Each Ratio

No load running torque of the gear varies with ratio.
The graphs indicate a value for ratio 100.

For other gear ratios, add the compensation values
from table on the right.

Measurement condition Table 044-5

Ratio 100:1

Harmonic Grease SK-1A

Grease Name

lubrication

Lubricant Harmonic Grease SK-2

Quantity Recommended quantity (See page 049)

Torque value is measured after 2 hours at 2000rpm input.

* Contact us for oil lubrication.

. Table 044-6
Component Set No Load Torque Compensation Unit: Nem
Ratio
S 30 50 80 120 160
8 0.4 0.2 - — —
11 0.7 0.3 = = =
14 11 0.5 0.1 — —
17 1.8 0.8 0.1 -0.1 —
20 2.7 1.2 0.2 -0.1 -0.3
25 5.0 2.2 0.3 -0.2 -0.6
32 10 4.5 0.7 -0.5 -1.2
40 = 8.0 1.2 -0.9 -2.2
45 — 11 1.7 -1.3 -3.0
50 = 15 2.3 -1.7 -4.0
58 — 22 3.4 -2.5 -6.1
65 = 31 4.7 -3.5 -8.4
80 - 55 8.5 -6.2 -15
90 = 77 12 -8.7 -21
100 — 100 16 -12 -28




H No-load running torque for a reduction ratio of 100:1

Input speed: 500rpm
Graph 045-1
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Input speed: 2000rpm
Graph 045-3

10000

/

1000

100 50

No-load running torque (Ncm)
8

-10 0 10 20 30 40
Ambient Temperature (°C)

Size

Size

Input speed: 1000rpm
Graph 045-2
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Input speed: 3500rpm
Graph 045-4
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*The values in this graph are average values (X). 0~20%
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Component set csa/csF I

The efficiency varies depending on the following conditions.
M Reduction ratio

M Input rotational speed

B Load torque

B Temperature

W Lubrication (type and quantity)

M Efficiency compensation coefficient
Find the Compensation Coefficient (Ke) and calculate the efficiency.

Example of calculation

Measurement condition Table 046-1

Installation | Based on recommended tolerance.

Load
torque | The rated torque (see page 038 and 039)

Harmonic Grease SK-1A

Grease Name

Lubricant lubrication

Harmonic Grease SK-2

Quantity | Recommended quantity (see page 049)

* Contact us for oil lubrication.

Efficiency compensation coefficient Graph 046-1

Efficiency n (%) under the following condition is obtained from the
example of CSF-20-80-2A-GR.

Input speed: 1000 rpm

Load torque: 19.6 Nm

Lubrication: Harmonic Grease SK-1A

Lubricant temperature: 20°C

Since the rated torque of size 20 with a reduction ratio of 80 is 34
Nm (Ratings: Page 039), the torque ratio a is 0.58.
(0=19.6/34=0.58)

B The efficiency compensation coefficient is Ke=0.93 from Graph
046-1.
B Efficiency n at load torque 19.6 Nm: n=Ke*nR=0.93 x 78=73%

1.0 —

0.9

Ke

0.8 =
=Ke*nr
= Efficiency at the rated torque

= =
el

0.7

0.6

0.5 /

0.4

. _ Loadtorque
Torque ratio a = TR e torque

01 0.2 03 04 05 06 0.7 0.8 09 1.0
Torque ratio

Compensation coefficient

0.

o)) W

* Efficiency compensation coefficient Ke=1 holds when the load torque is greater
than the rated torque.



M Efficiency at rated torque

Size: 8,11, 14

Reduction ratio 30

Graph 047-1
100
90|
80|
< 70 | ——
S 60
S
o 50
40|
30|
2(210 0 10 20 30 4
Ambient Temperature (°C)
Size: 17 to 100
Reduction ratio 30
100 Graph 047-4
90
80 ——
—
s 70 ] T
=
2 60 ]
S
E 50
40
30|
2(1\10 0 10 20 30 40

Ambient Temperature (°C)

Reduction ratio 120

500rpm

1000rpm
2000rpm
3500rpm

0=3%

500rpm

1000rpm
2000rpm
3500rpm

0=3%

h 047-7
100 Graph 0
90
5001
80 |_——— S000rpm
— 3500rpm
£ 7 / / / L
>
[}
_5 60|
)
& 50
40|
0=3%
30
20550 10 20 30 40

Ambient Temperature (°C)

Reduction ratio 50, 80

Graph 047-2
100,
90
500rpm
80 //_——”_ 1000rpm
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€ 7 ///; a500rpm
=
14
_5 60
2
m 50
40 0=3%
30
20-1 0 0 10 20 30 40

Ambient Temperature (°C)

Reduction ratio 50

100 Graph 047-5
90
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80 ————— J000pm
| T —1 [ 3500rpm
] 70
>
2 60 g
]
E 50
40 0=3%
30

-10 O 10 20 30 40
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Reduction ratio 160

h 047-
100 Graph 047-8
90
80 | —1 500rpm
1000rpm
2000
g 70 // L—] 3500:;22
>
%)
_5 60
Q
& 50
40
0=3%
30
20

-10 O 10 20 30 40
Ambient Temperature (°C)

Efficiency (%)

Efficiency (%)

Reduction ratio 100

Graph 047-3
100
90
| _—— 500rpm
1000
80 L1 — 2ooo:g$
/ 3500rpm
70|
60
50
40 0=3%
30
291 0 0 10 20 30 40

Ambient Temperature (°C)

Reduction ratio 80, 100

100 Graph 047-6
90
5001
| —1—— 100::':;"
80 2000rpm
| / [__—1 3500rpm
70
60
50
40 0=3%
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-10 0 10 20 30 40

Ambient Temperature (°C)
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o Lubrication
c
w M Grease lubrication™
See "Engineering data" on Page 016 for details of the lubricant.
Recommended housing dimensions
See table below for recommended housing dimensions. These Recommended housing dimensions Fig. 048-1
dimensions must be maintained to prevent damage to the gear b c
[ ] and to maintain a proper grease cavity. -
()
=]
Q
(/2]
€ — N
< |—r-|— N
o The tightening bolt of
o the circular spline
£ should not make
8 [ contact at this position.
. =
e‘ TT -
°
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. . . Table 048-1
_.g Recommended housing dimensions Unit: mm
{=
=) 90" 100"
E da 21.5 30 38 45 53 66 86 106 119 133 154 172 212 239 265
8 b 11.34 14 17.1 19 20.5 23 26.8 33 36.5 39 46.2 50 61 68.5 76
c 0.5 0.5 1 1 1.5 1.5 1.5 2 2 2 2.5 2.5 3 3 3
¢d 13 16 16 26 30 37 37 45 45 45 56 62 67 73 79
(Note) Double Size c if you use the wave generator facing upward.
*1 Qil lubrication is required for component-sets size 50 or larger with a reduction ratio of 50:1.
Application guide
Fig. 048-2
Circular Spline Flexspline Wave Generator
] Fill toothbed Apply thin coating of
7)) Apply thin coat to prevent rust. with grease. F"tl cavity b:tweerrg grease before installation.
. retainer and insel
Q \ / with grease when using ) .
-"7)' — in high speed. Pack with grease Whlle
5 \ slowly rotating bearing.
) \ e /1117,
< _
g Fill toothbed of
] with grease. "I Apply grease to inner ]_
N surface in accordance
o with a value shown Apply grease to
above. Oldham coupling.
[ Application guide by usage Fig. 048-3
7)) For horizontal use For the wave generator facing downward For the wave generator facing upward
1S
% Fill 55 to 60% of the space.
= inml Apply grease
B IHIHHI] to inner surface L This must be 2X c.
< | =] in accordance T
[l with quantity T
o3 (i :ll I; shown in table.
(/] gy
Lo V)
3 Z l
£ ] =j
= Apply grease h 1 Apply grease
8 to inner surface to inner surface
i = Fill 50% of thi: 3 P
O wi;cczgat;ce Use the value of I o OFthis space Eeiirt:ri;:g: do;ize o for the in accordance
showc:1 in tagle recommended Size ¢ for the minimum housing with quantity
’ minimum housing clearance. ousing clearance. shown in table.
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Component Set CSG/CSF

Application quantity

Table 049-1
Unit: g
Ueers Sizellg 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Horizontal use 1.2 2.9 5.5 10 16 30 60 110 170 220 360 460 850 1150 1500
Output shaft
. facing 1.4 3.5 7 12 18 35 70 125 190 240 380 500 900 1300 1700
Vertical upward
use Output shaft
facing 1.8 4.4 8.5 14 21 40 80 145 220 275 460 600 1000 | 1500 1900
downward
When to replace grease
The wear characteristics of the gear are strongly influenced by the
condition of the grease lubrication. The condition of the grease is
affected by the ambient temperature. The graph shows the
maximum number of input rotations for various temperatures. This
graph applies to applications where the average load torque does
not exceed the rated torque.
In cases where the rated torque is exceeded, calculate the grease Symbols for Formula 049-1 Table 049-2

change interval using the equation shown below.
(Note) Recommended Grease: SK-1A or SK-2

Formula when load torque exceeds rated torque

Formula 049-1

When to replace grease: LgTn (when the average load
torque is equal to or less than the rated torque)

Graph 049-1
10" ——F—4H
———
Life of grease
N
A \
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N N B No.2
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Z 108
Life of wave generator
107
20 40 60 80 100 120
Grease temperature (°C)

H Other precautions

1. Avoid using it with other grease. The gear should be in an
individual case when installed.

2. If you use the gear with the wave generator facing upward (see
Figure 050-2 on Page 50) at low-speed rotation (input rotational
speed: 1000 rpm or less) and in one direction, please contact us
as it may cause lubrication problems.

3. Oil lubrication is required for component-sets size 50 or larger
with a reduction ratio of 50:1. Use grease lubrication within half
the rated torque.

Replacement timing if average
load torque exceeds rated torque

Number of input

revolutions

Replacement timing if average load
torque is equal to or less than rated

Number of input

See the right-hand

torque (or use formulas, i.e. Tav < Tr) revolutions | figure.
See the "Rating table"
Rated torque N
d m on page 38 and 39.
A e (e Nm Calculation formula:

See Page 14.

* Life of wave generator is based on L10 life of the bearing.

Gear Units
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Component Set CSG/CSF

M Oil lubrication

See "Engineering data" on Page 18 for details of the lubricant.

Usage and oil level

Qil level for horizontal use Fig. 050-1
1. For horizontal installation
Oil level should be maintained at the level “A” as shown. Figure
050-1.
Table 050-1
Oil level for horizontal use Unit: mm
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100 Oil level
A 6 8 |10|12 |14 |17 |24 |31 |35 |38 |44 (50 |59 |66 |74
2. For vertical installation Qil level for vertical use Fig. 050-2

Fill the center of the ball of the wave generator facing upward or
downward with oil (Oil level "B" of Figure 050-2). An oil groove
should be added to the flexspline. Contact us for details.

Table 050-2

Oil level for vertical use Unit: mm

Oil level
B=

downward

Oil level

Wave generator facing

Wave generator facing
upward

Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
B 2 123|253 3|5 |7 |9 |10[12[13|15]|19 |22 |25
Table 050-3
Dimension of lube hole of the flexspline Unit: mm  Dimension of lube hole of the flexspline Fig. 050-3
Size
symbol 20 25 32 40 45 50 58 65 80 90 100 Threaded for Dowel
T. |27 (34|45 |56 61|68 7900 [114]120] 142 Disassembly  Pin Hole
B 25125|85|35|35|55|55([55]|65]|65]|65
W 28 |35|40|40|40|60|6.0]|6.0]|70]|70]| 7.0
t 12 (12|14 |14 |14 2 2 2 3 3 3
Size 8, 11, 14, 17 do not have any lube holes.
Oil quantit
a v Table 050-4
Unit: 2

0.25

0.32 0.4 0.7 1.0

2.0 2.8 3.8

When to replace oil

First time ««e-eeeeeeeneecenencenennns 100 hours after starting operation

Second time or later --+--+-- Every 1000 operation hours or every 6 months
Note that you should replace oil earlier than specified if the operating conditions are demanding.

Other precautions

1. Avoid mixing different kinds of oil. The gear should be in an
individual case when installed.

2. If you use size 50 or above at allowable input speed, please
contact us as it may cause lubrication problems.




I . mponent Set CSG/CSF

Recommended tolerances for assembly

Maintain the recommended tolerances shown in Figure 051-1 and
Table 051-1 for peak performance.

Recommended tolerances for assembly Fig. 051-1

Attached surface
END

Circular spline interface

D

=

Attached surface

=
>

L
Recommended
Recommended

T housing

tolerance
housing
tolerance
‘\

|

5
T
N

=

Recommended shaft Recommended shaft
tolerance h6 tolerance hé

] e ]

Flexspline interface

=]
g
=]

=]

Table 051-1
Tolerances for assembly Unit: mm
Symbol Sze g 11 14 17 20 25 32 40 45 50 58 65 80 9 100
a 0008 | 0011 | 0011 | 0012 | 0013 | 0.014 [ 0016 [ 0.016 | 0.017 [ 0.018 [ 0.020 [ 0.023 [ 0.027 | 0.029 [ 0.031
b 0.006 | 0.006 | 0.008 | 0.011 [ 0.014 | 0.018 [ 0.022 | 0.025 | 0.028 | 0.080 | 0.032 | 0.085 | 0.040 | 0.043 | 0.045
oc 0005 | 0008 | 0015 | 0018 | 0019 | 0.022 | 0.022 | 0.024 | 0.027 [ 0.030 | 0.032 [ 0.035 [ 0.043 | 0.046 | 0.049
d 0010 | 0.010 | 0.011 | 0.015 | 0.017 | 0.024 [ 0.026 | 0.026 | 0.027 | 0.028 | 0.031 | 0.034 | 0.043 | 0.050 | 0.057
e 0010 | 0010 | 0011 | 0015 | 0017 | 0.024 | 0.026 | 0.026 | 0.027 | 0.028 | 0.031 [ 0.034 [ 0.043 [ 0.050 | 0.057

0.012 | 0.012 | 0.017 | 0.020 | 0.020 | 0.024 | 0.024 | 0.032 | 0.032 | 0.032 | 0.032 | 0.032 | 0.036 | 0.036 | 0.036
(0.008) | (0.010) | (0.010) | (0.012) | (0.012) | (0.012) | (0.013) | (0.015) | (0.015) | (0.015) | (0.015) | (0.015) | (0.015)
0.015 | 0.015 | 0.030 | 0.034 | 0.044 | 0.047 | 0.050 | 0.063 | 0.065 | 0.066 | 0.068 | 0.070 | 0.090 | 0.091 | 0.092
(0.016) | (0.018) | (0.019) | (0.022) | (0.022) | (0.024) | (0.027) | (0.030) | (0.033) | (0.035) | (0.043) | (0.046) | (0.049)

* The values in parentheses indicate that Wave Generator does not have an Oldham coupling.

]

Sealing is needed to maintain the high durability of the gear and prevent grease leakage.

e Rotating parts should have an oil seal (with spring), surface should be smooth (no scratches).
® Mating flanges should have an O Ring, seal adhesive.
® Screws should have a thread lock (LOCTITE® 242 recommended) or seal adhesive.

(Note) If you use Harmonic Grease® 4BNo.2, strict sealing is required.
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Component Set CSG/CSF

Installation of the three basic elements

H Installation of the wave generator

Maximum hole diameter size

Table 052-1

Hole diameter range of the wave generator hub with Oldham coupling Unit: mm
ttem Size 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Stand. dimension (H7) 3 5 6 8 9 11 14 14 19 19 22 24 28 28 28
Minimum hole dimension|  — — 3 4 5 6 6 10 10 10 13 16 16 19 22
Maximum hole dimension| —— — 8 10 13 15 15 20 20 20 25 30 35 37 40

The standard hole diameter of the wave generator is as shown in the
dimensional outline drawing (fig 040-01) and may be changed within
a range up to the maximum dimension shown in the table. The JIS
standard is recommended for the keyway. It is necessary that the
dimension of keyways should sustain the transmission torque.

Please note: Tapered holes are also available.

In cases where a larger hole is required, use the Wave Generator
without the Oldham coupling. The maximum diameter of the hole
should be considered to prevent deformation of the Wave Generator
plug by load torque.

(This is the value including the dimension of the keyway.)

Maximum hole diameter without Oldham Coupling
Size

ltem 8 11 14 17 20 25 32
Maximum Diameter ¢pV* 10 14 17 20 23 28 36

Hole diameter of the wave generator

with

Oldham coupling Fig. 052-1

Table 052-2

Unit: mm

50 58 65 80 90 100
52 60 67 72 84 95

Min. plug thickness H3,[ 5.7 6.7 7.2 7.6 11.3 11.3

31.3 34.9

Axial force of the wave generator

When a CSF/CSG gear is used to accelerate a load, the deflection

Axial force direction of the wave generator

Fig. 052-2

of the Flexspline leads to an axial force acting on the Wave
Generator. This axial force, which acts in the direction of the closed
end of the Flexspline, must be supported by the bearings of the
input shaft (motor shaft). When a CSF/CSG gear is used to
decelerate a load, an axial force acts to push the Wave Generator
out of the Flexspline cup. Maximum axial force of the Wave
Generator can be calculated by the equation shown below.

The axial force may vary depending on its operating condition. The
value of axial force tends to be a larger number when using high
torque, extreme low speed and constant operation. The force is
calculated (approximately) by the equation. In all cases, the Wave
Generator must be axially (in both directions), as well as torsionally,
fixed to the input shaft.

(Note) Please contact us if you plan to attach the Wave Generator to the input
(motor) shaft using bolts.

F

F

Direction of

axial force during
acceleration or
constant velocity

Direction of
axial force during
deceleration

Formula for Axial Force

Table 052-3

Ratio Calculation formula

Example of Calculation Formula 052-1
30 F=2x] 0.07xtan32°
Model name : CSF series
50 F=2x0 0.07xtan30° Size .30
T Ratio 1i=50:1
80 or more F=2x— 0.07xtan20°
D Output torque : 382 Nm (max. allowable momentary torque)
382
Symbols for Formula Table 052-4 F=2x ~32x0.00250) x0.07xtan30°
F Axial force N See Fig. 052-2.
D (Size) x0.00254 m F=380N
T Output torque Nm




Component Set CSG/CSF

Shapes and dimensions of the wave generator

The shapes and dimensions of the wave generator of the CSF series
are different from those of the CSG series. Exercise extreme care in
design and installation. Please ensure there is no interference
between the bolt of the Wave Generator and Flexspline.

Table 053-1 and Figure 053-1 show a comparison of the shapes and
sizes of the wave generator.

Comparison of shapes and sizes of the wave generator Fig. 053-1

H:

E CSF series
‘iﬁ&

=) CSG series

t H+
Table 053-1
Comparison of Dimension of Wave Generator Unit: mm
Size
Symbol 14 17 20 25 32 40 45 50 58 65
G CSG Series 1.4 1.6 1.5 3.5 4.2 5.6 6.3 7 8.2 9.5
CSF Series 0.4 0.3 0.1 2.1 2.5 3.3 3.7 4.2 4.8 5.8
H12 CSG Series 18.5 20.7 21.5 21.6 23.6 29.7 30.5 34.8 38.3 44.6
" | CSF Series 17.6 19.5 20.1 20.2 22 275 27.9 32 34.9 40.9
t CSG Series 1.6 1.3 1.5 1.4 2.2 2.3 3.5 2.2 5.4 3.9
CSF Series 2.5 2.5 2.9 2.8 3.8 4.5 6.1 5.0 8.8 7.6
(Note) "t" indicates the size for Table 054-1 of the flexspline mounting flange.
M Installation of the flexspline
For size 8
Installation of flexspline for size 8 Fig. 053-2
(@) For |nstal|at|on.0f the Flexspline on the output shaft use the plug 1) Output shaft @ Plug
shown on the right.
Runout work
e . Co0.2 R0.2 or more
(b) The positioning of the output shaft and the Flexspline should be 5

determined using the plug.

(c) We recommend using an M3 socket head cap screw for
connecting the plug to the output shaft. We also recommend
using LOCTITE® 242.

d) The open end of the Flexspline must be located axially on the
same plane as the top surface of the circular spline.

0.2 =
3% Runout work (f; = i{

¢ N

A 4 o

M3 tap [+ po10]a] 0 g
25T

$3.5
696

(3) Built-in
Socket head Recommended material and
cap|screw \ﬁ_‘ [SUeBl hardness of the output shaft
EiCUS and the plug
[ Material: S45C
Plug _A Heat process: Hardening
and tempering hardness

Hardness: HB201 to 269
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Component Set CSG/CSF

Recommended size for the mounting flange for size 11 or larger

The mounting flange diameter should not exceed the boss diameter
of the flexspline as shown in Figure 054-1. The flange which
contacts the diaphragm should have radius, R. A large diameter and
flange without a radius may cause damage to the diaphragm.

. . . . Table 054-1
Flexspline Clamp Ring Dimensions Unit: mm
Size

Symbol 11 14 17 20 25 32 40 45 50 58 65 80 90 100

$D- 17.8 245 29 34 42 55 68 74 83 95.8 106 130 145 162

R 0.5 1.2 1.2 1.4 1.5 2 2.5 2 25 2.5 2.5 2.5 2.5 2.5

t 2 2 2.5 2.5 5 7 7 8 8 12 12 15 20 25

Material and hardness of the mounting flange

Use the following material and hardness. Recommended Dimension of Flexspline Clamp Ring  Fig. 054-1

Material: S45C (DINHCA45)

Heat process: Hardening and tempering
Hardness: HB200 to 270

Diaphragm

A The bolt head, nut and washer should not exceed Size D.
Warning

Installation of the flexspline
Use bolts or bolts and pins (pin: option) for installing the flexspline.

@ Strength of the selected bolt

@ Tightening of bolts and the tightening torque
@ Surface condition of bolts and tapped holes
@ Friction coefficient of the contact surface

The load is normally attached to the Flexspline using a bolt or
screw. For high load torques dowel pins can be used in addition
to bolts or screws. The strength of the selected bolt, clamp
torque, surface condition of bolt and thread, and coefficient of
friction on the contact surface are important factors to consider.
To determine transmission torque of the fastened part consider
conditions indicated below. Please fasten bolts with the proper
torque for each size as indicated. Please use the tables to
determine if dowel pins are needed.

(1) If the load torque is less than momentary peak torque shown
in tables 055-1 and 056-1 then only bolts are needed.

(2) If load torque is expected to reach momentary peak torque,
both bolts and pins should be used. see Table 055-2 and
Figure 055-1 and Table 056-2 and Figure 056-1.

* Use the value in the table as a reference value.




I . mponent Set CSG/CSF

CSF series: Flexspline bolts Table 055-1
o Sizel B 14 17 20 25 32 40 45 50 58 65 80 9% 100
Number of bolts 6 6 6 8 8 8 8 8 8 8 8 8 8 12
Bolt size M3 M4 M5 M5 M6 M8 M10 M12 M14 M14 M16 M16 M20 M20
Pitch circle mm [ 12 17 19 24 30 40 50 54 60 70 80 100 110 130
tc'amp Nm [ 20 45 9.0 90 | 153 | a7 74 128 | 205 | 205 | 319 | 319 | 622 | 622

orque
Torque transmission N
capacity (boltonly) | N™ | 15 35 64 108 186 460 910 1440 | 2160 | 2550 | 3980 | 6220 | 8560 | 15170

CSF series: Flexspline bolts and optional dowel pins Table 055-2
temn Size 14 14 17 20 25 32 40 45 50 58 65 80 90 100
Number of pins 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Diameter mm 2 3 3 3 4 5 6 6 8 8 8 8 12 10
Pitch
circle mm | 15.2 18.5 21.5 27 34 45 56 61 68 79 90 114 120 142
Torque transmission
capacity (bolt only) Nm 29 74 108 167 314 725 1370 1950 3160 3710 5310 7910 12540 | 18450
(Table 055-1, 055-2/Notes)

1. The material of the thread must withstand the clamp torque.

2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9

3. Torque coefficient: K=0.2

4. Clamp coefficient: A=1.4

5. Friction coefficient on the surface contacted: u=0.15

6. Dowel Pin: Parallel pin, material: S45C-Q, shearing stress: 1=30 kg/mm?2

CSF series: Flexspline Bolts Fig. 055-1
Standard bolt holes (10) Standard bolt holes (12)

Standard bolt holes (8)
Optional
dowel
pin holes

Standard bolt holes (6)

Optional dowel

i Optional dowel
pin holes (2) Threads for pi’; holes () Threads for Threads for Threads for
disassembly disassembly disassembly disassembly
CSF-11, 14,17 CSF-20 to 65, 90 CSF-80 CSF-100

Gear Units

Gearheads & Actuators
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]
©
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g
= CSG series: Flexspline bolts Table 056-1
[] v
Size
8 i 14 17 20 25 32 40 45 50 58 65
g’ Number of bolts 6 6 8 8 8 8 8 8 8 8
w
Bolt size M4 M5 M5 M6 M8 M10 M12 M14 M14 M16
Pitch circle mm 17 19 24 30 40 50 54 60 70 80
Clamp
torque Nm 5.4 10.8 10.8 18.4 44.4 88.8 154 246 246 383
I I‘;’F‘,‘:Ce,t‘;a{t‘,%rﬂ'iﬂ?ﬁ Nm 43 77 130 230 555 1110 1728 2636 3075 4785
(2]
=]
Q
(/2]
e
c
[
c
[}
Q.
1] CSG series: Flexspline, bolts and optional dowel pins Table 056-2
<) :
Size
(&) e 14 17 20 25 32 40 45 50 58 65
Number of pins 4 4 4 4 4 4 4 4 4 4
Pin size mm 3 3 3 4 5} 6 6 8 8 8
Pitch mm | 185 215 27 34 45 56 61 68 79 %
circle
I i
I‘;’g:git‘;ansm'ss'°" Nm 120 166 242 481 1070 2040 2742 4646 5410 7445
]
'c (Table 056-1, 056-2/Notes)
- 1. The material of the thread must withstand the clamp torque.
E 2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.
[} 3. Torque coefficient: K=0.2
O] 4. Clamp coefficient: A=1.4
5. Tightening friction coefficient py=0.15
6. Pin type: Parallel pin, material: S45C-Q, shearing stress: 1=30 kg/mm?2
CSF series: Hole positions of bolts and optional dowel pins Fig. 056-1
Standard bolt holes (8)
I Standard bolt holes (6)
»
S
[)
-
(4]
=
T
<
[«))
(7}
©
: .
o Optional Threads for g
dowel pin disassembly Optlona! Threads for
holes (4) dowel pin disassembly
holes (4)
CSG-14,17 CSG-20 to 65
]
7/
S
[¢]
1
©
=]
=
[T
<
o
[7]
T
©
Q
K=
S
©
(3]
O
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M Installation of the circular spline 'q:)
Perform design and part control corresponding to the load condition Q
for installation of the circular spline in the same way as the £
flexspline. Transmission torques by the recommended bolts and g
tightening torque are shown in Table 058-2. When the transmission 11}
torque is lower than the load torque, the additional use of pins and
bolts should be reviewed. Perform installation to meet the
requirements of each series.
CSG series: Bolt installation Table 057-1 [
Size
i 14 17 20 25 32 40 45 50 58 65 @
[}
Number of bolts 8 16 16 16 16 16 16 16 16 16 n
c
Bolt size M3 M3 M3 M4 M5 M6 M8 M8 M10 M10 Q
c
o
Pitch circle mm 44 54 62 75 100 120 140 150 175 195 o
£
Clamp Nm 2.0 2.0 2.0 4.5 9.0 i5:3 37 37 74 74 Q
torque (&)
Torque
transmission| Nm 72 175 196 419 901 1530 3238 3469 6475 7215
capacity
[
CSF series: Bolt installation Table 057-2 @
S
>
Number of bolts 8 8 6 12 12 12 12 12 12 12 12 12 16 16 16 E
Q
Bolt size M2 M2.5 M3 M3 M3 M4 M5 M6 M8 M8 M10 M10 M10 M12 M12 ©
Pitch circle mm 255 35 44 54 62 75 100 120 140 150 175 195 240 270 300
Clamp
torque Nm 0.54 1.1 2.0 2.0 2.0 4.5 9.0 15.3 37 37 74 74 74 128 128
Torque
transmission| NmM 17 39 54 131 147 314 676 | 1150 | 2440 | 2620 | 4820 | 5370 | 8820 | 14450 | 16050
capacity
(Table 057-1, 057-2/Notes)
1. The material of the thread must withstand the clamp torque.
2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9. ]
3. Torque coefficient: K=0.2 n
4. Clamp coefficient: A=1.4 B
5. Tightening friction coefficient p=0.15 n
=
]
<
Q
7]
©
<
o
[
(7]
S
[e]
-
©
=]
=
Q
<
o3
(/]
T
©
o
£
B
©
Q
o
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Hl Assembly order for basic three elements

The wave generator is installed after the flexspline and circular spline. If the wave generator
is not inserted into the flexspline last, gear teeth scuffing damage or improper eccentric gear
mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise
and vibration, and can lead to early failure of the gear. For proper function, the teeth of the

flexspline and Circular Spline mesh symmetrically.

Assembly order for basic three elements

Table 058-1

Flexspline \_‘ Wave Generator

Circular Spline

When the flexspline and wave generator are assembled, the open
end of the flexspline will expand at the major axis.

M Precautions on assembly

It is extremely important to assemble the gear accurately and in
proper sequence. For each of the three components, utilize the
following precautions.

Wave generator

1. Avoid applying undue axial force to the wave generator during
installation. Rotating the wave generator bearing while
inserting it is recommended and will ease the process.

2. If the wave generator does not have an Oldham coupling,
extra care must be given to ensure that concentricity and
inclination are within the specified limits (see page 51).

Circular spline

The circular Spline must not be deformed in any way during the
assembly. It is particularly important that the mounting surfaces
are prepared correctly.

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate relief in the housing corners is needed to prevent
interference with the corner of the circular spline.

4. The circular spline should be rotatable within the housing. Be
sure there is not interference and that it does not catch on
anything.

5. Bolts should not rotate freely when tightening and should not
have any irregularity due to the bolt hole being misaligned or
oblique.

6. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them with the specified torque.
Tighten them in an even, crisscross pattern.

7. Avoid pinning the circular spline if possible as it can reduce
the rotational precision and smoothness of operation.

N

Flexspline

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate clearance with the housing is needed to ensure no
interference especially with the major axis of flexspline

4. Bolts should rotate freely when installing through the mounting
holes of the flexspline and should not have any irregularity due
to the shaft bolt holes being misaligned or oblique.

5. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them to the specified torque. Tighten
them in an even, crisscross pattern.

N

6. The flexspline and circular spline are concentric after
assembly. After installing the wave generator bearing, if it
rotates in unbalanced way, check the mounting for dedoidal or
non-concentric installation.

7. Care should be taken not to damage the flexspline diaphragm
or gear teeth during assembly.

Avoid hitting the tips of the flexpline teeth and circular spline
teeth. Avoid installing the CS from the open side of the
flexspline after the wave generator has been installed.

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The
gear external surfaces typically have only a temporary corrosion
inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.
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Tool changer

Fig. 059-1

Flexspline

Wave Generator
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Component Set CSD

IF e atuIre s

Structure of CSD series component set

Fig. 062-1

Circular spline

Flexspline

7

i

o2

)

L Wave generator

Size comparison

CSD Series component set

The ultra-flat CSD component set features a compact design
enabling it to be used in a variety of tight spaces for applications that
require high precision, like robotics. The CSD component set

is made up of 3 basic parts: circular spline, flexspline and wave
generator.

Features

B Zero backlash

B Compact and simple design

H High torque capacity

Hl High stiffness

H High positioning and rotational accuracies
H Coaxial input and output

Fig. 062-2

=

172 @/ 0T,

Wave generator

é
N

R ] 1 — T
CS series CSF series CSD series
Application example Fig. 062-3
Rotary table for machine tool
‘ Flexspline
| \\\\ il =
1 J Nk
M\ | \ W7
! - i . : P
g y J NV
S TR NS ) (LS v
xS\ ;‘
|

Circular spline

Note: Sealing required to prevent grease leakage.




Ordering Cod e

Table 063-1
Special specification

50 8 100 Blank= Standard product
17 50 80 100 ank=>tandard procuct
SP= Special specification
20 50 80 100 2A-GR = component type code
csD 25 50 80 100 (2A-R for Size 14, 17) BB= Big Bore
32 50 80 100
40 50 80 100
50 50 80 100

* The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline

Technical Data

Rating Table CSD-2A Component Set

Rated torque at in- Limit for repeated Limit for average Limit for momentary ~ Maximum input Limit for average

S Ge?r put speed 2000rpm  peak torque torque peak torque speed (rpm) input speed (rpm) Mopenicfen
@ Nm kgfm Nm kgfm Nm  kgfm Nm kgfm o] Grease fo]] Grease  |x10%gm’ Jx10°kgfms®
50 3.7 0.38 12 1.2 4.8 0.49 24 24
14 80 54 0.55 16 1.6 7.7 0.79 31 3.2 14000 8500 6500 3500 0.021 0.021
100 5.4 0.55 19 19 7.7 0.79 31 3.2
50 1 141 23 23 18 1.8 48 4.9
17 80 15 15 29 3.0 19 1.9 55 5.6 10000 7300 6500 3500 0.054 0.055
100 16 1.6 37 3.8 27 2.8 65 5.6
50 17 1.7 39 4.0 24 24 69 7.0
20 80 24 24 51 5.2 33 34 76 (65) 7.7 (6.6) 10000 6500 6500 3500 0.090 0.092
100 28 29 57 58 34 35 | 76(65) | 7.7(6.6)
50 27 2.8 69 7.0 38 3.9 127 13
25 80 44 45 96 9.8 60 6.1 152 (135) | 15(14) 7500 5600 5600 3500 0.282 0.288
100 47 48 110 1 75 7.6 152 (135) | 15 (14)
50 53 5.4 151 15 75 7.6 268 27
32 80 83 8.5 213 22 17 12 359 (331) | 37 (34) 7000 4800 4600 3500 1.09 1.1
100 96 9.8 233 24 151 15 359 (331) | 37(34)
50 96 9.8 281 29 137 14 480 49
40 80 144 15 364 37 198 20 685 (580) [ 70 (59) 5600 4000 3600 3000 2.85 2.91
100 185 19 398 4 260 27 694 (580) [ 71 (59)
50 172 18 500 51 247 25 1000 102
50 80 260 27 659 67 363 37 1300 133 4500 3500 3000 2500 8.61 8.78
100 329 34 686 70 466 48 1440 (1315) | 147 (134)

Moment of inertia: | = '/, GD?

*The maximum allowable momentary torque value marked by an asterisk(*) is restricted by the tightening torque of the flexspline.
The parenthesized value indicates the value when the bore of the flexspline has the maximum value (BB type).

See “Rating Table Definitions” on Page 12 for details of the terms.

When the max allowable momentary torque is expected to be applied, see “Bolt tightening of the flexspline” on p. 75.

bl
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Component Set CSD

Outline Dimensions

You can download the CAD files from our website: harmonicdrive.net

Fig. 064-1

c*
D* F

Q
Ot
o

OK H6
N
I
|
L

GA N7

o

Detail G
*1: Sizes 14 and 17 are C0.4.
*2: Sizes 40 and 50 are C0.5.
*3: Size 14 is 30° and Size 17 is 22.5°.
* Refer to confirmation drawing provided by Harmonic Drive LLC.

B Structure and shape of the wave generator

There is a difference in appearance of the the ball separator

depending on the size.
Fig. 064-2

(1)

J
i Size 14,17 Sizes 20, 25, 32, 40, 50
(1) Ball separator
(2) Wave generator bearing
Size Size (8) Wave generator plug
14,17 20, 25, 32, 40, 50




Table 065-1
Unit : mm
Size 14 17 20 25 32 40 )
Symbol
$Ah7 50 Hozs 60 0030 70 o3 85 Hoss 110 Soss 135 Sow 170 Sow0
¢B H7 11 og.ms 15 +UD.015 20 +8.02| 24 .gom 32 +8.025 40 43.025 50 43.025
C* 11 12,5 14 17 22 27 33
D* 6.5%° 7.5% 8 %° 10 %° 137%° 16 '8 19.5 ¢
E 1.4 1.7 2 2 25 3 3.5
F 4.5 5 6 7 9 11 13.5
G, * 0.3%° 0.3"%° 0.3%° 0.4 %° 0.5%° 0.6 '¢* 0.8 %%
H 43, 5 01 5.2 01 6.3 o1 8.6 o1 10.3 4. 12.7 8
®J 23 27.2 32 40 52 64 80
¢K H6 Standard 11 rg.ml 11 +g.0|1 16 MS.DII 20 +g.0|3 30 +g.o|3 32 +g.0|6 44 *g.mﬁ
BB Spec. 11 ogmi 11 443.011 20 03.013 24 +g,013 32 +g.0|6 40 +g.ms 50 +g.016
L 6 8 12 12 12 12 12
oM 3.4 3.4 3.4 3.4 4.5 5.5 6.6
N M3 M3 M3 M3 M4 M5 M6
[¢) = — 3.3 3.3 4.4 5.4 6.5
oP — — 6.5 6.5 8 9.5 11
$Q 44 54 62 75 100 120 150
®R 17 21 26 30 40 50 60
S M3 M3 M3 M3 M4 M5 M6
oT Standard 17 19.5 24 30 41 48 62
BB spec. 17 19.5 26 32 42 52 65
U Standard 9 8 9 9 11 10 1
BB spec. 9 8 12 12 14 14 14
oV Standard 3.4 4.5 4.5 5.5 6.6 9 11
BB spec. 3.4 4.5 3.4 4.5 5.5 6.6 9
$Z: 0.2 0.2 0.2 0.2 0.25 0.25 0.3
$Z: 0.25 0.25 0.2 0.2 0.25 0.25 0.3
oz Standard 0.2 0.25 0.25 0.25 0.3 0.5 0.5
BB spec. 0.2 0.25 0.2 0.25 0.25 0.3 0.5
Minimum da 38 45 53 66 86 106 133
housing b 6.5 7.5 8 10 13 16 19.5
clearance | ¢ 1 1 1.5 1.5 2 25 35
Mass (kg) 0.06 0.10 0.13 0.24 0.51 0.92 1.9

(Note) Standard dimension for size 14 and 17 is the maximum bore.

@ Surface A is the recommended mounting surface.

@ The following dimensions can be modified to accommodate

customer-specific requirements.

Wave Generator: B
UandV

Flexspline:
Circular Spline:

Land M

@ *C, D and G1 values indicate relative position of individual

gearing components (wave generator, flexspline, circular
spline). Please strictly adhere to these values when designing
your housing and mating parts.

@ Due to the deformation of the Flexspline during operation,

it is necessary to provide a minimum housing clearance,
dimensions ¢a, b, ¢

The wave generator, flexspline, and circular spline are not

assembled when delivered.
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POSItIOﬂal accuracy See "Engineering data" for a description of terms.

Component Set CSD

Table 066-1

Positional x10"rad 44 44 2.9 2.9 2.9 2.9 2.9
Accuracy arc min 1.5 1.5 1.0 1.0 1.0 1.0 1.0
ee "Engineering data" for a description of terms.
Table 066-2
- Size 14 17 20 25 32 40 50
50 x107rad 7.3 5.8 5.8 5.8 5.8 5.8 5.8
arc min 2.5 2.0 2.0 2.0 2.0 2.0 2.0
80 or x10™rad 5.8 2.9 2.9 2.9 2.9 2.9 2.9
more arc min 2.0 1.0 1.0 1.0 1.0 1.0 1.0
See "Engineering data" for a description of terms.
Table 066-3
ool Size 14 17 20 25 32 40 50
T Nm 2.0 3.9 7.0 14 29 54 108
kgfm 0.2 0.4 0.7 1.4 3.0 5.5 11
T. Nm 6.9 12 25 48 108 196 382
kgfm 0.7 1.2 2.5 4.9 11 20 39
K, x10°Nm/rad 0.29 0.67 1.1 2.0 4.7 8.8 17
kgfm/arc min 0.085 0.2 0.32 0.6 1.4 2.6 5.0
K. x10'Nm/rad 0.37 0.88 1.3 2.7 6.1 11 21
kgfm/arc min 0.1 0.26 0.4 0.8 1.8 3.4 6.3
Reduction| ¢ x10‘Nm/rad 0.47 1.2 2.0 3.7 8.4 15 30
ratio kgfm/arc min 0.14 0.34 0.6 1.1 2.5 4.5 9
50 N «10"rad 6.9 5.8 6.4 7.0 6.2 6.1 6.4
arc min 2.4 2.0 2.2 2.4 2.1 2.1 2.2
6. x10™rad 19 14 19 18 18 18 18
arc min 6.4 4.6 6.6 6.1 6.1 5.9 6.2
K, x10‘Nm/rad 0.4 0.84 1.3 2.7 6.1 11 21
kgfm/arc min 0.12 0.25 0.4 0.8 1.8 3.2 6.3
K. x10‘Nm/rad 0.44 0.94 1.7 3.7 7.8 14 29
Reduction kgfm/arc min 0.13 0.28 0.5 1.1 2.3 4.2 8.5
o K, [_xomiad 0.61 13 2.5 4.7 11 20 37
more kgfm/arc min 0.18 0.39 0.75 1.4 3.3 5.8 1
a x107"rad 5.0 4.6 5.4 5.2 4.8 4.9 5.1
arc min 1.7 1.6 1.8 1.8 1.7 1.7 1.7
8 x107"rad 16 13 15 13 14 14 13
arc min 5.4 4.3 5.0 4.5 4.8 4.8 4.6

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.



Component Set CSD

Starting torque See "Engineering data" for a description of terms. Please use as reference values; the values vary based on use conditions. Table 067-1
Unit: Ncm

Size 14 17 20 25 32 40 50

50 3.7 5.7 7.3 14 28 50 94

80 2.7 3.8 4.8 8.8 19 32 63

100 2.4 3.3 4.3 7.9 18 29 56
Backdriving torque See "Engineering data" for a description of terms. Please use as reference values; the values vary based on use Table 067-2
conditions. Unit: Nm

, Size 14 17 20 25 32 40 50

Ratio

50 25 3.8 4.4 8.3 17 30 57

80 2.6 3.7 4.9 8.8 19 32 62

100 3.1 41 5.2 9.6 21 35 67
Ratcheting torque See "Engineering data" for a description of terms. Table 067-3
Unit: Nm

50 60 105 150 315 685 1260 2590

80 75 140 245 475 980 1960 3780

100 55 110 180 350 700 1470 2870
Buckli ng to rque See "Engineering data" for a description of terms. Table 067-4
Unit: Nm

All ratios 190 330 560 1000 2200 4300 8000
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m -
= No-load running torque
Q
8 No-load running torque is the torque which is required to rotate the Measurement condition Table 068-1
= input side (high speed side), when there is no load on the output side —
c (low speed side). .
wl N Harmonic Grease SK-1A (size 20 or larger)
. Grease ame " "
Lubricant \ubrication Harmonic Grease SK-2 (size 14, 17)
Quantity  |Recommended quantity (See page 71)
Torque value is measured after 2 hours at 2000rpm input.
* Contact us for oil lubrication.
] H Compensation value in each ratio Compensation coefficient for no-load running torque Tai'ﬁ_oﬁz;ﬁ
a No load running torque of the gear varies with ratio. . GEID 50
3 The graphs indicate a value for ratio 100. Size 556
- For other gear ratios, add the compensation values +
c . 17 +0.95
from table on the right.
8 20 +1.4
o 25 +2.6
o 32 +5.4
S 40 9.6
[}
o 50 +18
M No-load running torque for a reduction ratio of 100
Input rotational speed: 500rpm Input rotational speed: 1000rpm
1000 Graph 068-1 1000 Graph 068-2
|
N
=
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- 2 2 50
)
& o 50 3 40
@ g — 4 g
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€ 10 & £ 10 2
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E, Ambient Temperature (°C) Ambient Temperature (°C)
() P .
3 Input rotational speed: 2000rpm Input rotational speed: 3500rpm
Graph 068-3 Graph 068-4
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<
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'E Ambient Temperature (°C) Ambient Temperature (°C)
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8 * The values in this graph are average value "X".
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The efficiency varies depending on the following conditions.
B Reduction ratio

M Input rotational speed

M Load torque

B Temperature

W Lubrication (Type and quantity)

H Efficiency compensation coefficient and efficiency
compensation amount

Efficiency correction calculation formula

To determine efficiency due to “efficiency compensation
coefficient due to load torque” and “efficiency compensation
amount due to size.”, use formula 69-1.

Calculation formula Formula 069-1

Efficiency n=Ke x (Nr+ ne)

H Efficiency compensation coefficient

If the load torque is lower than the rated torque, the efficiency value
decreases. Calculate the compensation coefficient Ke from Graph
069-1 to calculate the efficiency using the following calculation
example.

* Efficiency Compensation coefficient Ke=1 holds when the load torque is greater
than the rated torque.

H Efficiency compensation amount by size

With the CSD-2A, input-side support bearings and oil seal
are attached. The effect of these varies depending on the size.

Use Table 69-3 to determine the correction amount () e) for
efficiency at rated torque for each size

[
©
-
©
(m]
()]
c
=
e d’
Measurement condition Table 069-1 "c-’
Installation | Based on recommended tolerance g
Load 11]
torque The rated torque shown in the rating table (see page 63)
* When load torque is smaller than rated torque, the efficiency value is lowered.
See efficiency compensation coefficient below.
Harmonic Grease SK-1A (size 20 or larger)
Lubricant Grgasg e Harmonic Grease SK-2 (size 14, 17)
lubrication
Quantity |Recommended quantity (see page 71)
* Contact us for oil lubrication. _
(2]
e
[}
(/7]
. L
Symbols of the calculation formula Table 069-2 5
n Efficiency g
Ke Efficiency correction coefficient Graph 69-1 o
Na Efficiency at rated torque Graphs 070-1 to 070-6 g
ne Efficiency correction amount Table 69-3 (&)
Efficiency compensation coefficient Graph 069-1
(2]
Torque ratio a is the value of load torque/rated torque (Rating table: page 063). -
[=
1.0 >
L— -
©
2 0.9 Pt
0.8 O]
5
S 07
%
g 0.6 /
o
_5 0.5
T
2 04
g
g 03
S
O 0.2
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 I
Torque ratio »
S
(4]
L od
(2]
=)
©
o ) Table 069-3 f’
Efficiency compensation amount Unit: % »
Reducti ©
u |o.n c
ratio o
Size
20 -0.3 4.4 3.7 1.2 1.7
25 3.0 3.7 1.6 -1.0 -0.6
32 1.4 15 07 2.0 -16 ]
40 1.2 0.6 1.3 0.3 0.8 7))
S
50 0.0 -0.5 0.0 -0.8 -0.3 o
—
©
=
L
o
<
o3
(2]
©
©
o
<
=
©
Q
o
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M Efficiency at rated torque

Reduction ratio 50:1

Size 14
Graph 070-1
100
90
80
70 500rpm — |
5 / W 1 —
% 60 Pl
c 4
o 2000 /
Qo
=
i}

50,// A

40 /
4

30 /
20
0~3%
10
-10 0 10 20 30 40

Ambient Temperature (°C)

Reduction ratio 80, 100:1

Size 14
Graph 070-4
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3500rpm
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Size 17, 20
Graph 070-2
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Size 17, 20, 25, 32, 40, 50
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D e sign Guid e

M Grease lubrication
See "Engineering data" on Page 16 for details of the lubricant.

Recommended housing dimensions

See table below for recommended housing dimensions. These Recommended housing dimensions Fig. 071-1
dimensions must be maintained to prevent damage to the gear
and to maintain a proper grease cavity. b c
Table 071-1
Recommended housing dimensions Unit: mm
oymbol C° 14 17 20 25 32 40 50 =
da 38 45 53 66 86 106 133
b 65 | 75 | 8 0 | 13 | 16 | 195 !
c 1(3) | 1) [1.5(4.5)[1.5(4.5) 2(6) [2.5(7.5)[3.5(10.5)
$d78° 16 26 30 37 37 45 45 © i |
(Note) The value in parenthesis is the value when the wave generator is facing upward. ©
©
0 B S S
Application guide
Fig. 071-2

Circular Spline Flexspline

Apply thin coat to

prevent rust. _\

Fill toothbed

/7 with grease.

——
g ///

L VLA
Fill toothbed
with grease.

|— Thickness of
diameter of wave
generator bearing.

Apply grease to inner
surface in accordance
with a value shown
above.

Wave Generator

Apply thin coat of
{ grease before
installation.

Pack with grease
while slowly rotating
bearing.

Application guide by usage Fig. 071-3
For horizontal use For the wave generator facing downward For the wave generator facing upward
Fill 55 to 60% of the space.
_ (imail Apply grease
INIHHI] to inner surface This must be 2X c.
| | in accordance Y
[ with quantity T
|- :ll shown in table.
Apply grease i-] 1 Apply grease
to inner surface to inner surface
in accordance Fill 50% of this space. Use the value of in accordance
with quantity iiirt:r?u\e’::juezosfize ¢ for the recommended Size ¢ for the with quantity
shown in table. minimum housing clearance. minimum housing clearance. shown in table.
Application quantity
Table 071-2
Unit: g
Size
Usage 14 17 20 25 32 40 50
Horizontal use 3.5 5.2 9 17 37 68 131
Vertical Output up 3.9 6 10 19 42 78 149
use Output down 4.6 71 12 22 48 88 175
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When to replace grease

The wear characteristics of the gear are strongly influenced by the
condition of the grease lubrication. The condition of the grease is
affected by the ambient temperature. The graph shows the
maximum number of input rotations for various temperatures. This
graph applies to applications where the average load torque does
not exceed the rated torque.

In cases where the rated torque is exceeded, calculate the grease
change interval using the equation shown below.

Formula when load torque exceeds rated torque Formula 072-1

3
Ler=Lem x ( ks )

Tav

Symbols for Formula Table 072-1

Replacement timing if average Number of input
load torque exceeds rated torque revolutions

Replacement timing if average load Number of input See the right-hand
torque is equal to or less than rated . fi
torque (or use formulas, i.e. Tav < TH revolutions gure.
Rated torque Nm See tgz pFa!Zt;nGgstable
Calculation formula:
Average load torque Nm See Page 14

Hl Other precautions

1. Avoid using it with other grease. The gear should be in an
individual case when installed.

2. When you use the gear with the wave generator facing upward
(see Figure 050-2 on Page 50) at low-speed rotation (input
rotational speed: 1000 rpm or less) and in one direction, please
contact us as it may cause lubrication problems.

When to replace grease: LGTn (when the average load

torque is equal to or less than the rated torque) Graph 072-1
10" ] ]
—
Life of grease
oW
= 0
©
5 £
e
)
23 NB No.2
S o
s g10°
£s8 %
ra
o9 \\
2e V[ SK1A
Se SK-2
s E \
29
RS
22
210 *
£ Life of wave generator
c c
T3
s3
25
= O
107
20 40 60 80 100 120

Grease temperature (°C)

* Life of wave generator is based on L10 life of the bearing.




Recommended tolerances for assembly

For peak performance of the gear, it is essential that the following
tolerances be observed when assembly is complete.

Pay careful attention to the following points and maintain the
recommended assembly tolerances to avoid grease leakage.

Warping and deformation on the mounting surface
Contamination due to foreign matter

Burrs, raised surfaces and location around the tap area of the
mounting holes

Insufficient chamfering on the mounting pilot joint

Insufficient radii on the mounting pilot joint

Recommended Tolerances for Assembly Fig. 073-1

Attached surface

T

=]

Attached surface

Circular spline interface A
o b
r—u e o]
/_/: }—Al | | wave generator interface
E 3 M
4|_ 5 [ s @ |—|_ f B
£ o0 £ o0
ECE ECE
538 e
|| £2e &2 ~—
‘ 5 H7 H7 =1

 —fo = Ts]

Recommended Housing
Tolerance h6

o~

Recommended Housing
Tolerance h6

———L] =[]

Flexspline interface

Table 073-1
Recommended tolerances for assembly Unit: mm
S Size 14 17 20 25 ) 40 50
a 0.011 0.012 0.013 0.014 0.016 0.016 0.018
b 0.008 0.011 0.014 0.018 0.022 0.025 0.030
dc 0.015 0.018 0.019 0.022 0.022 0.024 0.030
d 0.011 0.015 0.017 0.024 0.026 0.026 0.028
e 0.011 0.015 0.017 0.024 0.026 0.026 0.028
f 0.008 0.010 0.010 0.012 0.012 0.012 0.015
$g 0.016 0.018 0.019 0.022 0.022 0.024 0.030

Sealing is needed to maintain the high durability of the gear and prevent grease leakage.
Rotating parts should have an oil seal (with spring), surface should be smooth (no scratches).
Mating flanges should have an O Ring, seal adhesive.

Screws should have a thread lock (LOCTITE® 242 recommended) or seal adhesive.

(Note) If you use Harmonic Grease® 4BNo.2, strict sealing is required.

Gear Units

Gearheads & Actuators
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Component Sets I Engineering Data I

Phase Adjusters I

73




Component setcsp I

|
©
-
©
(]
=y : :
£ Installation of the three basic elements
S
[]
8 H Installation of the wave generator
D .
c 1. Axial force of the wave generator
w
When a CSD gear is used to accelerate a load, the deflection of Axial force direction of the wave generator Fig. 074-1
the Flexspline leads to an axial force acting on the Wave
Generator. This axial force, which acts in the direction of the
closed end of the Flexspline, must be supported by the bearings [ [
of the input shaft (motor shaft). When a CSD gear is used to
decelerate a load, an axial force acts to push the Wave @3
I Generator out of the Flexspline cup. Maximum axial force of the
Wave Generator can be calculated by the equation shown below.
] The axial force may vary depending on its operating condition.
$ The value of axial force tends to be a larger number when using
— high torque, extreme low speed and constant operation. The
q‘:) force is calculated (approximately) by the equation. In all cases, o o
c the Wave Generator must be axially (in both directions), Direction of Direction of
o as well as torsionally, fixed to the input shaft. axial force during axial force during
o acceleration or deceleration
E (Note) Please contact us for further information on attaching the Wave constant velocity
o Generator to the input (motor) shaft.
(&)
Calculation formula for axial force Table 074-1  Axial force by bearing Table 074-3
|
50 LT R 14 2.1
ﬂ F=2x D x0.07xtan 30°+2pPF 17 21
£ 80 or more oy L o 20 5.6
=) F=2x D x0.07xtan 20°+2uPF csD 25 98
H 32 16
8 Symbols for Formula Table 074-2 48 gg
F Axial force N See Fig. 074-1. 5
D (Size) x 0.00254 m
T Output torque Nm Calculation Example Formula 074-1
2uPF Axial force by bearing N See Table 074-3.
Model name : CSD
Size 132
Ratio 1 i=50:1
Output torque : 268 Nm (max. allowable momentary torque)
268
| F=2x ———— x0.07 x tan 30° +16
(32x0.00254)
»
S
2 F=266.5 N
(]
=
T
<
[«))
(7]
©
=
o
|
7]
S
o
-
©
3
=
(¢]
<
o3
(2]
T
©
Q
=
S
©
(3]
O

74 HarmonicDrive™




I . mponent Set CSD

H Installing the flexspline

1. Precautions on installation

We recommend that you install the flexspline directly with bolts. If
you use a mounting flange or washer inside the flexspline, the
mounting bolt may make contact with the wave generator and
damage it when it is installed. Therefore, strictly observe
installation of the flexspline with bolts.

Note that the head of the bolt should not exceed the boss diameter
(®J) of the flexspline as shown in Figure 075-1. Otherwise, the
diaphragm may be damaged.

Diameter of the flexspline
Size

14 17 20
&J 23 27.2 32

S ulele]]

Installing the flexspline

Fig. 075-1

Diaphragm

J:l Avoid

(o]

—
(I

—
]

Dimension J.

Warning

A Head of bolt, nut and washer should not exceed

40 52

Table 075-1
Unit: mm

40 50
64 80

2. Bolt tightening of the flexspline

The flexspline should be tightened with bolts. As the transmission
torque on the tightening area varies depending on the following
conditions, design and part control corresponding to the load
condition should be conducted.

@ Strength of the selected bolt

@ Tightening of bolts and the tightening torque
@ Surface condition of bolts and tapped holes
@ Friction coefficient of the contact surface

Installation with bolts

Table 075-2

Standard Big Bore
25
Number of bolts 9 8 9 9 11 10 11 12 12 14 14 14
Bolt size M3 M4 M4 M5 M6 M8 M10 M3 M4 M5 M6 M8
B};cnﬁ;gf'e mm 17 195 24 30 41 48 62 26 32 42 52 65
fo'raq"l]z Nm 2.0 45 45 9.0 15.3 37 74 2.0 45 9.0 15.3 a7
Ig;‘:;ission Nm 32 55 76 152 359 694 1577 65 135 331 580 1315

(Table 075-2/Notes)

. The material of the thread must withstand the clamp torque.

. Recommended bolt : JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9

. Torque coefficient: K=0.2

. Clamp coefficient: A=1.4

. Friction coefficient on the surface contacted: u=0.15

. Momentary peak torque is limited in Big Bore since bolt torque transmission of Big Bore is smaller than standard. (see "Rating Table"
on Page 63).

OO WN =
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Component Set CSD

Numbers of holes and location

Fig. 076-1

Number of Holes: (8)

CSD-17

Number of Holes: (

CSD-14, 20, 25

Number of Holes: (

CSD-40

Number of Holes: (

CSD-32, 50

000

Numbers of holes and location (Big Bore Option) Fig. 076-2

Number of Holes: (12)

Number of Holes: (14)

S0

CSD-20, 25

CSD-32, 40, 50




Component Set CSD

H Installation of the circular spline

Perform design and part control corresponding to the load condition
for installation of the circular spline in the same way as the
flexspline. Transmission torques by the recommended bolts and
tightening torque are shown in Table 077-1. When the transmission
torque is smaller than the load torque, the additional use of pins and
bolts should be reviewed. Perform installation to meet the
requirements of each series.

Installation with bolts Table 077-1
Size 14 17 20 25 32 40 50

Item

Number of bolts 6 8 12 12 12 12 12

Size M3 M3 M3 M3 M4 M5 M6

Pitch CIrdle | o 44 54 62 75 100 120 150

?o'?qfﬂg Nm 2.0 20 2.0 20 45 9.0 15.3

Joraue. on| Nm 55 90 155 188 422 810 1434

(Table 077-1/Notes)

. The material of the thread must withstand the clamp torque.

. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9
. Torque coefficient: K=0.2

. Clamp coefficient: A=1.4

. Friction coefficient on the surface contacted p=0.15

O wWwN =

H Assembly order for the basic three elements

The wave generator is installed after the flexspline and circular spline. If the wave generator is
not inserted into the flexspline last, gear teeth scuffing damage or improper eccentric gear mesh
may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise and
vibration, and can lead to early failure of the gear. For proper function, the teeth of the flexspline
and Circular Spline mesh symmetrically.

Assembly order for basic three elements Fig. 077-1

1

Flexspline Wave Generator
When the flexspline and wave generator are

Circular Spline assembled, the open end of the flexspline will

expand at the major axis.
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M Precautions on assembly

It is extremely important to assemble the gear accurately and in
proper sequence. For each of the three components, utilize the
following precautions.

Wave generator

1. Avoid applying undue axial force to the wave generator
during installation. Rotating the wave generator bearing
while inserting it is recommended and will ease the process.

2. Extra care must be given to ensure that concentricity and
inclination are within the specified limits (see page 73).

3. Installation bolts on the Wave Generator and Flexspline should
not interfere each other.

Circular spline

The circular Spline must not be deformed in any way during the
assembly. It is particularly important that the mounting surfaces
are prepared correctly.

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate relief in the housing corners is needed to prevent
interference with the corner of the circular spline.

4. The circular spline should be rotatable within the housing. Be
sure there is not interference and that it does not catch on
anything.

5. Bolts should not rotate freely when tightening and should not
have any irregularity due to the bolt hole being misaligned or
oblique.

6. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them with the specified torque. Tighten
them in an even, crisscross pattern.

7. Avoid pinning the circular spline if possible as it can reduce the
rotational precision and smoothness of operation.

78 HarmonicDrive™

Flexspline

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate clearance with the housing is needed to ensure no
interference especially with the major axis of flexspline

4. Bolts should rotate freely when installing through the mounting
holes of the flexspline and should not have any irregularity due
to the shaft bolt holes being misaligned or oblique.

5. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them to the specified torque. Tighten
them in an even, crisscross pattern.

6. The flexspline and circular spline are concentric after
assembly. After installing the wave generator bearing, if it
rotates in unbalanced way, check the mounting for dedoidal or
non-concentric installation.

7. Care should be taken not to damage the flexspline diaphragm
or gear teeth during assembly.

Avoid hitting the tips of the flexspline teeth and circular spline
teeth. Avoid installing the CS from the open side of the
flexspline after the wave generator has been installed.

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The
gear external surfaces typically have only a temporary corrosion
inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.
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Structure of SHG/SHF series component set Fig. 080-1

SHG/SHF series component set

The SHG/SHF series represents an advancement over the
CSG/CSF series. While the basic performance of both series is the
same,

the SHG/SHF series offers additional features not offered in the
CSG/CSF series. Key among those is the shape of the flexspline in
the SHG/SHF series — it opens outward to form a brim that acts as
a perfect mounting surface, while leaving a large through-hole.

The SHG/SHF component set consists of three basic parts —

the wave generator, the flexspline, and the circular spline.These
compact gears are extremely customizable and can be seamlessly
integrated into your design.

Features

M Large hollow through bore
H Flat shape

B Zero backlash

B Compact and simple design
M High torque capacity

Circular Spline

H High stiffness
Hl High positioning and rotational accuracies

= \ H Coaxial input and output

Series

SHF: standard torque
+ Reduction ratio of 30:1 added for high-speed

SHG: high torque
+ 30% Higher torque than SHF series

+ Improved life by 43% (10,000 hours) over SHF

Wave Generator

Flexspline ‘:‘ I~

Comparison between SHG series and SHF series Graph 080-1

Stiffness

Capacity

Rated torque

Input inertia Peak torque at start/stop

Momentary peak torque

Ratcheting torque

Life Buckling torque i SHG series
—l— SHF series
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Component Set SHG/SHF
S
a
Orderlng ofelelcW o)
c
=
Q
(3]
£
SHG-25-100-2A-GR -SP 2
: s g " 1]
A\ \ \ \ v Table 081-1
Series Sp.e_ciaI.
specification ]
14 50 80 100 — —
17 50 80 100 120 = ]
20 50 80 100 120 160 %
25 50 80 100 120 160 . o -
2A-GR= Component type SP= Special specification c
~SHG 32 50 80 100 120 160 (2A-R for size 14, 17) code )
High Torque 40 50 80 100 120 160 Blank= Standard product g
45 50 80 100 120 160 o
50 — 80 100 120 160 £
58 — 80 100 120 160 8
65 — 80 100 120 160
* The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline
[
SHF - 25-100-2A - GR -SP
(2]
s T T " T =
: : : : : (=
: : : : =)
: : : : : Q
\ \ \ \ YV reosio ©
Series Sp_e_cial_
specification
14 30 50 80 100 — -
17 30 50 80 100 120 —
20 30 50 80 100 120 160
SHF 25 30 50 80 100 120 160 2A-GR= Component type SP= Special specification
32 30 50 80 100 120 160 (2A-R for size 14, 17) code
Standard Torque 40 _ 50 80 100 120 160 Blank= Standard product
45 — 50 80 100 120 160
50 — 50 80 100 120 160 [ ]
58 — 50 80 100 120 160 n
* The reduction ratio value is based on the following configuration: CT)
Input: wave generator, fixed: circular spline, output: flexspline "(7)
=
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Q
(7]
©
£
o
[
(7]
S
o
-
©
=
—
o
<
o3
(2]
T
(1]
o
<
B
(1]
Q
o

HarmonicDrive® 81




|
]
-
1]
o
2 .
£ Technical Data
o
o
£
m -
c Rating table
L
B SHG series Table 082-1
Rated Torque at Limit for Repeated Limit for Average  Limit for Momentary ~ Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Qil Grease (o]l} Grease 1 J
Nm kgfm Nm kgfm Nm kgfm Nm kgfm  |ybricant lubricant lubricant lubricant x10%kgm® x10°kgfms’
[ ] 50 7.0 0.7 23 2.3 9 0.9 46 4.7
o 14 80 10 1.0 30 3.1 14 1.4 61 6.2 14000 | 8500 6500 3500 0.033 | 0.034
4&; 100 10 1.0 36 3.7 14 1.4 70 7.2
[72) 50 21 2.1 44 4.5 34 3.4 91 9
- 80 29 2.9 56 5.7 35 3.6 113 12
g 17 100 31 ) 70 72 51 52 143 15 10000 | 7300 6500 3500 0.079 | 0.081
g 120 31 3.2 70 7.2 51 5.2 112 11
o 50 33 3.3 73 7.4 44 4.5 127 13
£ 80 | 44 4.5 96 9.8 61 6.2 165 17
8 20 100 52 5.3 107 10.9 64 6.5 191 20 10000 | 6500 6500 3500 0.193 | 0.197
120 52 5.3 113 11.5 64 6.5 191 20
160 52 5.3 120 12.2 64 6.5 191 20
50 51 5.2 127 13 72 7.3 242 25
80 82 8.4 178 18 113 12 332 34
25 100 87 8.9 204 21 140 14 369 38 7500 5600 5600 3500 0.413 | 0.421
120 87 8.9 217 22 140 14 395 40
160 87 8.9 229 23 140 14 408 42
| 50 | 99 10 281 29 140 14 497 51
n 80 153 16 395 40 217 22 738 75
= 32 100 | 178 18 433 44 281 29 841 86 7000 4800 4600 3000 1.69 1.72
g 120 | 178 18 459 47 281 29 892 91
- 160 | 178 18 484 49 281 29 892 91
S 50 178 18 523 53 255 26 892 91
(0] 80 268 27 675 69 369 38 1270 130
40 100 [ 345 35 738 75 484 49 1400 143 5600 4000 3600 3000 4.50 4.59
120 [ 382 39 802 82 586 60 1530 156
160 [ 382 39 841 86 586 60 1530 156
50 229 23 650 66 345 35 1235 126
80 407 Al 918 94 507 52 1651 168
45 100 | 459 47 982 100 650 66 2041 208 5000 3800 3300 3000 8.68 8.86
120 | 523 53 1070 109 806 82 2288 233
160 | 523 53 1147 117 819 84 2483 253
80 484 49 1223 125 675 69 2418 247
100 [ 611 62 1274 130 866 88 2678 273
I S0 120 [ 688 70 1404 143 1057 108 2678 273 4500 3500 3000 2500 125 128
2 160 [ 688 70 1534 156 1096 112 3185 325
[0 80 714 73 1924 196 1001 102 3185 325
-
(72} 100 | 905 92 2067 211 1378 141 4134 422
= %8 120 | 969 99 2236 228 1547 158 4329 441 4000 3000 2700 2200 273 279
3 160 | 969 99 2392 244 1573 160 4459 455
) 80 969 99 2743 280 1352 138 4836 493
) 100 [ 1236 126 2990 305 1976 202 6175 630
2 ’ .
s & 120 | 1236 | 126 | 3263 | 833 | 2041 | 208 | 6175 | 630 | Sov0 | 2800 | 2400 | 1900 | 465 | 47.8
o 160 [ 1236 126 3419 349 2041 208 6175 630
(Note) 1. Moment of inertia: I=‘]TG|D2
2. See "Engineering data" on Page 12 for details of the terms.
3. Oil lubrication is standard for component-sets size 50 or larger with a reduction ratio of 50:1. Use grease lubrication within half the rated torque.
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B SHF series Table 083-1 ug;
Rated Torque at Limit for Repeated Limit for Average  Limit for Momentary Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Qil Grease o] Grease | d
Nm kgfm Nm kgfm kgfm Nm kgfm  |ybricant lubricant ~lubricant lubricant = x10*kgm® x10°kgfms’
9.0 . 17
14 S0 54 0.55 18 18 69 9.70 35 36 14000 | 8500 | 6500 | 3500 | 0.033 | 0.034
80 7.8 0.80 23 2.4 11 11 47 4.8 ! ’ _
100 7.8 0.80 28 2.9 11 1.1 54 5.5
30 8.8 0.90 16 1.6 12 1.2 30 3.1 3
50 16 1.6 34 3.5 26 2.6 70 71 3
17 80 22 2.2 43 4.4 27 2.7 87 8.9 10000 | 7300 6500 3500 0.079 | 0.081 -E
100 24 2.4 54 5.5 39 4.0 110 11 o
120 24 2.4 54 515) 39 4.0 86 8.8 g
30 15 1.5 27 2.8 20 2.0 50 5.1 o
50 25 2.5 56 5.7 34 3.5 98 10 =
20 80 34 35 74 75 a7 4.8 127 18 10000 | 6500 6500 3500 0.193 | 0.197 8
100 40 4.1 82 8.4 49 5.0 147 15 ) :
120 40 4.1 87 8.9 49 5.0 147 15
160 40 4.1 92 9.4 49 5.0 147 15
30 27 2.8 50 5.1 38 3.9 95 9.7
50 39 4.0 98 10 85 5.6 186 19
25 g0 &8 64 157 14 87 89 255 26 7500 5600 5600 3500 0.413 | 0.421
100 67 6.8 157 16 108 11 284 29 : :
120 | 67 6.8 167 17 108 11 304 31 ]
160 67 6.8 176 18 108 11 314 32 n
30 54 5.5 100 10 75 7.7 200 20 =
50 76 7.8 216 22 108 11 382 39 g
32 80 18 12 S04 & 167 7 568 58 7000 4800 4600 3500 1.69 1.72 =
100 137 14 333 34 216 22 647 66 : : S
120 137 14 353 36 216 22 686 70 (O]
160 137 14 372 38 216 22 686 70
50 137 14 402 41 196 20 686 70
80 206 21 519 53 284 29 980 100
40 100 | 265 27 568 58 372 38 1080 110 5600 4000 3600 3000 4.50 4.59
120 [ 294 30 617 63 451 46 1180 120
160 [ 294 30 647 66 451 46 1180 120
50 176 18 500 51 265 27 950 97
80 313 32 706 72 390 40 1270 130
45 100 353 36 755 77 500 51 1570 160 5000 3800 3300 3000 8.68 8.86
120 | 402 41 823 84 620 63 1760 180
160 | 402 | 41 882 | 90 | 630 | 64 | 1910 | 195 [
50 245 25 715 73 350 36 1430 146 7))
80 372 38 941 96 519 53 1860 190 E
50 100 [ 470 48 980 100 666 68 2060 210 4500 3500 3000 2500 12'5 12.8 ®
120 [ 529 54 1080 110 813 83 2060 210 2,
160 [ 529 54 1180 120 843 86 2450 250 2
50 353 36 1020 104 520 53 1960 200 o
80 549 56 1480 151 770 79 2450 250 (7]
58 100 [ 696 71 1590 162 1060 108 3180 325 4000 3000 2700 2200 27.3 27.9 E
120 | 745 76 1720 176 1190 121 3330 340 o
160 | 745 76 1840 188 1210 123 3430 350
(Note) 1. Oil lubrication is standard for sizes 50 and over with gear ratio 50:1. If it is necessary to use grease, the rated torque is reduced by 50%.
2. Moment of inertia: I:%GD2
3. See "Rating Table Definitions" on Page 12 for details of the terms.
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Component Set SHG/SHF

Outline Dimensions

You can download the CAD files from our website: harmonicdrive.net

Fig. 084-1
Bk
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AN C0.4
C0.4 CO0.4 c
Hi34
2.5 (Size 14) 3 (Size 17)
Fig. 040-3 2-M3x4 (Size 14)

2-M3x6 (Size 17)

O

7any

‘E:wpe of the wave generator hub for size
14 and 17 (no keyway)

* Please refer to the confirmation drawing for detailed dimensions.

W Wave generator 'c.omponents ) There is a difference in appearance of the the ball separator
The wave generator utilizes an Oldham coupling. between SHF and SHG. SHG size 14, 17 and 65 use the same

Fig. 084-2 ball separator as SHF

0] @ ©

All SHF series SHG sizes 20 to 58
SHG sizes 14, 17, 65

(4) ® © @
Sizes 14, 17, 20, 25, 32, 45, 58 Sizes 40, 50, 65
(1) Ball Separator (5) Rub washer (unclear)
(2) Wave generator bearing (6) C-type retaining ring
(3) Wave generator plug (7) Wave generator hub
(4) Insert




Table 085-1
Unit: mm
Symbol Size 14 17 20 25 32 40 45 50 58 65
®A h6 50 60 70 85 110 135 155 170 195 215
B SHG Series 2858. | 32538: | 33.58. 37 85 44 §6 53 45 58.5 85 64 47 75.5 87 83%
SHF Series 28.5 8s 32.5 85 33.5 %o 37 %o 44 34 53 34 58.5 92 64 35 75.5 %5 =
Cik 17.5 ¢ 20 4° 21.5%° 24 +4° 28 4° 34740 38 4° 41440 48 +4° 52.5 ¢
C:% 11 12,5 12 13 16 19 20.5 23 27.5 30.5
D 2.4 3 3 3.3 3.6 4 45 5 5.8 6.5
E 2 25 3 3 3 4 4 4 5 5
F 6 6.5 7.5 10 14 17 19 22 25 29
o SHG Series 1.4 1.6 jii5 35 4.2 5.6 6.3 7 8.2 9.5
SHF Series 0.4 0.3 0.1 2.1 2.5 3.3 3.7 4.2 4.8 —
H SHG Series 18.5 o1 20.7 84 21.5 84 21.6 84 23.6 81 29.7 5 30.5 84 34.8 51 38.3 $: 44.6 8-
' SHF Series 17.6 o 19.5 5, 20.1 01 20.2 51 22 54 27.5 54 27.9 54 32 54 34.9 8, —
He — — — — — 0.4 — 0.8 — 2.2
Ihe |SHe Series 60 72 82 104 134 164 190 214 240 276
¢ SHF Series 60 72 82 104 134 164 182 205 233 —
®J H6 48 60 70 88 114 140 158 175 203 232
Khg |ts> 01 38 48 54 67 90 110 124 135 156 177
® Ratio 30:1 38 48 55 68 90 — — — — —
L 8 12 12 12 12 12 18 12 16 16
oM 3.5 3.4 3.5 45 5.5 6.6 6.6 9 9 11
N M3 M3 M3 M4 M5 M6 M8 M8 M10 M10
0 6 6.5 4 6 7 9 12 13 15 15
®P — — 3.5 4.5 5.5 6.6 9 9 11 11
$Q 44 54 62 75 100 120 140 150 175 195
9 SHG Series 8 16 16 16 16 16 16 16 16 16
SHF Series 6 12 12 12 12 12 12 12 12 -
®S 3.5 3.5 3.5 45 5.5 6.6 9 9 11 11
oT SHG Series 54 66 76 96 124 152 180 200 226 258
SHF Series 54 66 76 96 124 152 170 190 218 —
dU: 14 18 21 26 26 32 32 32 40 48
oU: - — - - — 32 - 32 - 48
oV Standard (H7) 6 8 9 11 14 14 19 19 22 24
Max. size (H7) 8 10 13 15 16 20 20 20 25 30
WJs9 — — 3 4 5 5 6 6 6 8
X — — 1047 | 12.87% 16.3 %" 16.3%%" | 21.87%" | 21.8%" | 24.8% | 27.3%°
Y C0.3 Co0.4 C0.4 Co0.4 C0.4 C0.4 C0.4 C0.8 C0.8 C0.8
[oY4 0.25 0.20 0.25 0.25 0.25 0.3 0.3 0.5 0.5 0.5
®Z: 0.25 0.25 0.25 0.25 0.25 0.3 0.5 0.5 0.5 0.5
da 38 45 53 66 86 106 119 133 154 172
Mini b 14.6 16.4 17.8 19.8 23.2 28.6 31.9 34.2 40.1 43
housing |_C 1 1 15 1.5 15 2 2 2 25 25
clearance ¢d 31 38 45 56 73 90 101 113 131 150
e 1.7 2.1 2.0 2.0 2.0 2.0 2.3 2.5 2.9 3.5
Mass (kg) 0.11 0.18 0.31 0.48 0.97 1.87 2.64 3.53 5.17 7.04

@ The clamp face of the circular spline is Face (A) in the drawing.

Fit this face to install it on the case.

@ The following dimensions can be modified to accommodate

customer-specific requirements.

Wave Generator : V

Flexspline : L and M

Circular Spline : Rand S

@ Since some dimensions are different between SHF series and

SHG series, pay careful attention during installation.

@B, C,, C, and G values indicate relative position of individual
gearing components (wave generator, flexpline, circular
spline). Please strictly adhere to these values when designing

your housing and mating parts.

@ Due to the deformation of the Flexspline during operation,
it is necessary to provide a minimum housing clearance,
dimensions ¢a, b, ¢, and it should not exceed ¢d and e to

prevent possible contact with the housing.

The wave generator, flexspline, and circular spline are not

assembled when delivered.
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POS nal accuracy See "Engineering data" for a description of terms.
Table 086-1
Ratio B Size 14 17 20 25 32 40 to 65
Specification
Standard x107rad 5.8 4.4 4.4 4.4 4.4 —

20 product arc min 2 15 1.5 1.5 1.5 —
Special x107*rad — - 2.9 2.9 2.9 —
product arc min — — 1 1 1 —

Standard x10"*rad 4.4 4.4 2.9 2.9 2.9 2.9
product arc min 1.5 1.5 1 1 1 1
OO G pecial | x10°rad 29 29 15 15 15 15
product arc min 1 1 0.5 0.5 0.5 0.5
See "Engineering data" for a description of terms.
Table 086-2
Ratio S 14 17 20 25 32 40 or more
30 x107*rad 8.7 8.7 8.7 8.7 8.7 —
arc min 3.0 3.0 3.0 3.0 3.0 bt
=0 x107*rad 5.8 5.8 5.8 5.8 5.8 5.8
arc min 2.0 2.0 2.0 2.0 2.0 2.0
80 or x107*rad 2.9 2.9 2.9 2.9 2.9 2.9
more arc min 1.0 1.0 1.0 1.0 1.0 1.0
See "Engineering data" for a description of terms.
Table 086-3
Bt S 14 17 20 25 32 40 45 50 58 65
30 x10*rad 29.1 16.0 13.6 13.6 11.2 — - - - -
arc sec 60 33 28 28 23 — — — — —
5 x10"°rad 17.5 9.7 8.2 8.2 6.8 6.8 5.8 5.8 4.8 =
arc sec 36 20 17 17 14 14 12 12 10 =
80 x10%rad 11.2 6.3 5.3 5.3 4.4 4.4 3.9 3.9 2.9 2.9
arc sec 23 13 11 11 9 9 8 8 6 6
100 x107rad 8.7 4.8 4.4 4.4 3.4 3.4 2.9 2.9 2.4 2.4
arc sec 18 10 9 © 7 7 6 6 5 5
120 x107*rad — 3.9 3.9 3.9 2.9 2.9 2.4 2.4 1.9 1.9
arc sec — 8 8 8 6 6 5 5 4 4
160 x107*rad — — 2.9 2.9 2.4 2.4 1.9 1.9 1.5 1.5
arc sec — — 6 6 5 5 4 4 3] 3
See "Engineering data" for a description of terms.
Table 086-4
Symbol S8 14 17 20 25 32 40 45 50 58 65
Nm 2.0 3.9 7.0 14 29 54 76 108 168 235
T wm| 02 0.4 07 14 3.0 55 78 1 17 24
Nm 6.9 12 25 48 108 196 275 382 598 843
T kgfm 0.7 1.2 2.5 4.9 11 20 28 39 61 86
x10°Nm/rad 0.19 0.34 0.57 1.0 2.4 = - - — -
K [ igrmacmn| _0.056 0.10 0.17 0.30 0.70 - - - - —
x10°Nm/rad 0.24 0.44 0.71 1.3 3.0 = - — - -
K kgfm/arc min 0.07 0.13 0.21 0.40 0.89 — — - — -
x10°Nm/rad 0.34 0.67 1.1 2.1 4.9 — — — — -
Reduction| | | kgmaromin|  0.10 0.20 0.32 0.62 15 - - - - -
fg‘(‘)O 0 x0%ad| 105 11.5 12.3 14 12.1 - - - - -
! arc min 3.6 4.0 41 4.7 4.3 — — — - —
x107rad 31 30 38 40 38 - - — — -
8: arc min 10.7 10.2 12.7 13.4 13.3 — — — — —
x10°Nm/rad 0.34 0.81 1.3 2.5 5.4 10 15 20 31 =
5 kgfm/arc min 0.1 0.24 0.38 0.74 1.6 3.0 4.3 5.9 9.3 =
x10°Nm/rad 0.47 1.1 1.8 3.4 7.8 14 20 28 44 =
Ke kgfm/arc min 0.14 0.32 0.52 1.0 2.3 4.2 6.0 8.2 13 —
Rez::ﬁc;ion % x10°Nm/rad 0.57 1l5) 2.3 4.4 9.8 18 26 34 54 =
50 kgfm/arc min 0.17 0.4 0.67 1.3 2.9 5.3 7.6 10 16 =
x10™rad 5.8 4.9 5.2 5.5 5& 5.2 5.2 5.5 5.2 =
& arc min 2.0 1.7 1.8 1.9 1.9 1.8 1.8 1.9 1.8 =
x10™rad 16 12 15.4 15.7 15.7 15.4 15.1 15.4 15.1 =
5 arc min 5.6 4.2 5.3 5.4 5.4 5.3 5.2 5.3 5.2 =

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.



Component Set SHG/SHF

Table 087-1
Size 14 17 20 25 32 40 45 50 58 65
Symbol
T Nm 2.0 3.9 7.0 14 29 54 76 108 168 235
) kgfm 0.2 0.4 0.7 1.4 3.0 5.5 7.8 11 17 24
T, Nm 6.9 12 25 48 108 196 275 382 598 843
kgfm 0.7 1.2 2.5 4.9 11 20 28 39 61 86
x10‘Nm/rad 0.47 1 1.6 3.1 6.7 13 18 25 40 54
K kgfm/arc min 0.14 0.3 0.47 0.92 2.0 3.8 5.4 7.4 12 16
x10‘Nm/rad 0.61 1.4 2.5 5.0 11 20 29 40 61 88
Ke kgfm/arc min 0.18 0.4 0.75 1.5 3.2 6.0 8.5 12 18 26
Reduction| K, x10°Nm/rad 0.71 1.6 2.9 5.7 12 23 33 44 71 98
ratio kgfm/arc min 0.21 0.46 0.85 1.7 3.7 6.8 9.7 13 21 29
?r?o?; o x10"rad 4.1 3.9 4.4 4.4 4.4 4.1 4.1 4.4 4.1 4.4
' acmin| 1.4 1.3 1.5 15 15 1.4 1.4 15 1.4 15
x10"rad 12 9.7 11.3 1.1 11.6 111 11.1 111 1.1 11.3
8 awomn| 4.2 3.3 3.9 38 4.0 38 38 38 38 3.9
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
See "Engineering data" for a description of terms. Please use as reference values; the values vary based on use
conditions. Table 087-2
B SHG series Unit: Nem
Fxi Siee 14 17 20 25 32 40 45 50 58 65
30 4.8 7.2 12 18 50 — — — — —
50 3.7 5.7 7.3 14 28 50 70 94 140 —
80 2.8 3.8 4.8 8.9 19 33 47 63 94 128
100 2.4 3.3 4.3 7.9 18 29 41 56 83 114
120 — 3.1 3.9 7.3 15 27 37 51 76 104
160 — — 3.4 6.4 14 24 33 44 68 94
Table 087-3
B SHF series Unit: Nem
aatio Sk 14 17 20 25 32 40 45 50 58
30 4.8 7.2 12 18 50 - - - -
50 3.7 5.7 7.3 14 28 50 70 94 140
80 2.8 3.8 4.8 8.9 19 33 47 63 94
100 2.4 3.3 4.3 7.9 18 29 41 56 83
120 - 3.1 3.9 7.3 15 27 37 51 76
160 = = 3.4 6.4 14 24 33 44 68
See "Engineering data" for a description of terms. Please use as reference values; the values vary based on use
conditions. Table 087-4
Bl SHG series Unit: Nm
aatio Sk 14 17 20 25 ) 40 45 50 58 65
30 2.3 3.5 6.1 11 23 — — — — —
50 2.2 3.4 4.4 8.2 17 30 42 56 84 =
80 2.7 3.7 4.6 8.6 18 32 45 60 90 123
100 2.8 4 5.2 9.5 21 35 49 67 100 137
120 - 4.5 5.6 10 21 40 54 73 110 151
160 = = 6.6 12 26 45 64 85 130 180
Table 087-5
B SHF series Unit: Nm
e Siee 14 17 20 25 32 40 45 50 58
30 2.3 3.5 6.1 11 23 — — — —
50 2.2 3.4 4.4 8.2 17 30 42 56 84
80 2.7 3.7 4.6 8.6 18 32 45 60 90
100 2.8 4 5.2 9.5 21 35 49 67 100
120 — 4.5 5.6 10 21 40 54 73 110
160 = = 6.6 12 26 45 64 85 130
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Component et sHe/sHF N

Ratcheting torque See "Engineering data" for a description of terms.

Table 088-1
M SHG series Unit: Nm
. — 14 17 20 25 32 40 45 50 58 65
Ratio
50 110 190 280 580 1200 2300 3500 — — —
80 140 260 450 880 1800 3600 5000 7000 10000 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 — 150 310 610 1200 2400 3600 4900 7500 10000
160 — — 280 580 1200 2300 3300 4600 7200 10000
) Table 088-2
M SHF series Unit: Nm
Size
Ratio 14 17 20 25 32 40 45 50 58
30 59 100 170 340 720 — — — —
50 88 150 220 450 980 1800 2700 3700 5800
80 110 200 350 680 1400 2800 3900 5400 8200
100 84 160 260 500 1000 2100 3100 4100 6400
120 — 120 240 470 980 1900 2800 3800 5800
160 — — 220 450 980 1800 2600 3600 5600
Buckling torque See "Engineering data" for a description of terms.
Table 088-3
M SHG series Unit: Nm

All ratios 180 350 590 1100 2400 4400 6300 8600 13400 18800

Table 088-4
M SHF series Unit: Nm

Size 14 17 20 25 32 40 50 58
All ratios 140 270 440 890 1750 3750 5400 7500 11800

No-load running torque

No-load running torque is the torque which is required to rotate the
input side (high speed side), when there is no load on the output side

Measurement condition Table 088-5

Reduction ratio

(low speed side). N Harmonic Grease SK-1A
*Contact us for detailed values Lubricant | Grease ame Harmonic Grease SK-2
Quantity | Recommended quantity (See page 92)

Torque value is measured after 2 hours at 2000rpm input.

* Contact us for oil lubrication.



Table 089-1

Hl Compensation Value in Each Ratio No-load running torque compensation values. Unit: Nem
. . . . Ratio
No-load running torque of the gear varies with ratio. S 30 50 80 160
The graphs indicate a value for ratio 100.
. . 14 +1.2 +0.5 +0.1 — —
For other gear ratios, add the compensation values
from the table on the right 17 2.1 +0.9 +01 0.1 —
gnt. 20 +3.1 +1.4 +0.2 -0.2 0.4
25 +5.7 +2.5 +0.4 -0.3 -0.7
32 +11.7 +5.2 +0.8 -0.6 -1.4
40 — +9.2 +1.4 -1.0 -2.5
45 — +12.7 +2.0 -1.4 -3.5
50 — +17.0 +2.6 -1.9 -4.6
58 - +25.8 +4.0 2.9 -7.0 ]
65 — — +5.4 -4.0 -9.7 o
=]
Q
(/7]
e
c
- - - w
M No-load running torque for a reduction ratio of 100 S
Q.
£
[}
Input speed: 500rpm Input speed: 1000rpm o
Graph 089-1 Graph 089-2
10000 10000
1000 1000
£ 3
o o
< <
S >3 s [ —
g 100 &5 g 100 o
had 581 o had 50] @
2 50 M 2 5] S
= 5] 0 S ol O
_; 10 \ — _; 10 \ 32
© © &
2 257 2 =2
o o
b= i b4 20
2 17
— | [ —— 14
1 143 1
0.1 -10 0 10 20 30 40 01 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
Input speed: 2000rpm Input speed: 3500rpm
Graph 089-3 Graph 089-4
10000 10000
E 1000 — 1000
= £
=3 S
° £
g g =
8 T~ —% . & N5
o 100 0l S 100 50 o
£ 1! o 5 =
c 457 c 407 O
= 407 < 32|
'; [—— 32 =]
g — E 25
s 10 2 s 0
S :
201 2 17]
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14
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1 1
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Ambient Temperature (°C) Ambient Temperature (°C)
*The values in this graph are average values (X). 0=20%

HarmonicDrive® 89




90

Engineering Data I

Component Sets I

Phase Adjusters I

Gear Units

Gearheads & Actuators

HarmonicDrive™

The efficiency varies depending on the following conditions.
B Reduction ratio

M Input rotational speed

M Load torque

B Temperature

B Lubrication (Type and quantity)

H Efficiency compensation coefficient

If the load torque is lower than the rated torque, the efficiency value
lowers. Calculate the compensation coefficient Ke from Graph 090-1
to calculate the efficiency using the following example.

Calculation Example

Efficiency n (%) under the following condition is calculated from the
example of SHF-20-80-2A-GR.

Input rotational speed: 1000 rpm

Load torque: 19.6 Nm

Lubrication: Grease lubrication (Harmonic Grease SK-1A)

Lubricant temperature: 20°C

Since the rated torque of size 20 with a reduction ratio of 80 is 34
Nm (ratings: Page 83), the torque ratio a is 0.58.

(a=19.6/34=0.58)

H The efficiency compensation coefficient is Ke=0.93 from Graph
090-1.

W Efficiency n at load torque 19.6 Nm: n=Ke*nR=0.93 x 82=76%

M Efficiency at rated torque

Measurement condition

Table 090-1

Based on recommended tolerance.

Installation
Load . q
e The rated torque shown in the rating table (see page 82 and 83)
Harmonic Grease SK-1A
X Grease Name -
Lubricant || prication Harmonic Grease SK-2
Quantity | Recommended quantity (see page 92)
* Contact us for oil lubrication.
Efficiency compensation coefficient Graph 090-1
1.0 =

o 09
X
‘g’ 0.8 n =Ke-na
;g 0.7 ns =Efficiency at the rated torque
g
o 0.6
c
/
% 05
1]
g 0.4
g— . Torque ratio a = fCoadliorquel
8 0.3 ‘ Tted torque ‘

0

01 0.2 03 04 05 0.6 0.7 0.8 09 1.0
Torque ratio

* Efficiency compensation coefficient Ke=1 holds when the load torque is greater
than the rated torque.

Size 14
Reduction ratio 30:1 Reduction ratio 50:1, 80:1
Graph 090-2 Graph 090-3
100 100
90 90
80 80 500rpm_|—| —
500mpm | ——— [ —
L —T — 70000
70 :go L — 1 — 70 / Mr;l;v/ L
S 3500t S 3500
< 60 S 60 vzl
o o
) C
2 K%}
o 50 © 50
i i
40 40
80 0=3% 30 0x3%
20 20
10 10
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)

Reduction ratio 100:1

Graph 090-4
100
90
| —
80 W //
100013
70 il
. 2000rp;
X
%: 60 3500
c
0
° 50
[
40
30 0x3%
20
10
-10 0 10 20 30 40

Ambient Temperature (°C)
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M Efficiency at rated torque
Size 17 to 65
Reduction ratio 30:1 Reduction ratio 50:1 Reduction ratio 80:1, 100:1
Graph 091-1 Graph 091-2 Graph 091-3
100 100 100
20 90 90 —
500 —T— 500rpm | —T
80 500rpm | ————— 80 Bgm,/ [ — 8 W /
] /;g(ommnr 7/ / 2000 / 20001 /
70 W 70 Sl 70 5500y
S S S
= 60 < 60 = 60 /
o [$) o
c f= f=
Q Q Q
S 50 S 50 S 50
=3 = £ /
w w w
40 40 40
30 30 30
0=3% 0r=3% 0r3%
20 20 20
10 10 10
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C)
1]
Reduction ratio 120:1 Reduction ratio 160:1 ‘E
Graph 091-4 Graph 091-5 - ]
100 100 j-
©
Q
90 20 O
—
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80 W// a0 S00rpm | —T
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35001
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40 40
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ID e sign G Ui 0l e

M Grease lubrication*
See "Engineering data" on Page 16 for details of the lubricant.

Recommended housing dimensions

See table below for recommended housing dimensions.
These dimensions must be maintained to prevent damage to
the gear and to maintain a proper grease cavity.

Recommended housing dimensions

Fig. 092-1

Maximum centering
length b

€ \v 5 c

Counter bore
for bolt head

Table 092-1
Recommended housing dimensions Unit: mm
S 14 17 20 25 32 40 45 50* 58* 65*
Symbol
pa 38 45 53 66 86 106 119 133 154 172
b 14.6 16.4 17.8 19.8 28.2 28.6 31.9 34.2 40.1 43
c 1(3) 1(3) 1.5(4.5) 1.5(4.5) 1.5(4.5) 2(6) 2(6) 2(6) 2.5(7.5) 2.5(7.5)
@d 31 38 45 56 73 90 101 113 131 150
e 1.7 2.1 2.0 2.0 2.0 2.0 2.3 2.5 2.9 3.5
@f e 16 26 30 37 37 45 45 45 56 62
(Note) The value in parenthesis is the value when the wave generator is facing upward (see Figure 094-2 on Page 94).
* Qil lubrication is required for component-sets size 50 or larger with a reduction ratio of 50:1.
Application guide
Fig. 092-2
Flexspline Wave Generator Circular Spline Input cover
_ Fill the entire (Motor flange)
5 tooth groove. Fill cavity
H between retainer —
/ and bearing ﬁ =T
= with grease 1
N 1 Diameter of ball bearing Y
Apply grease as thick Fil the entire

as diameter of ball tooth groove.

. i Fill cavity
Apply grease on the entire !
J’ \ Oldham coupling. E with grease R

Apply thin coat to avoid
corrosion

Ik

Application guide by usage
When the wave generator is facing upward or downward, refer to the next page for application guide.



Component Set SHG/SHF

Application guide by usage Fig. 093-1
For horizontal use For the wave generator facing downward For the wave generator facing upward
Fill 55 to 60% of the space.
Apply grease
to inner surface This must be 2X c.
| | in accordance
| with quantity T
| . . shown in table.
7 =
jl i SEBIN
Apply grease { - T . LJ Apply grease
to inner surface to inner surface
in accordance Use the valus of Fill 50% of this space. Use the value of in accordance
with quantity re?:imfn;:;: dOSize ¢ for the recommended Size c for the with quantity
shown in table. minimum housing clearance. minimum housing clearance. shown in table.
Application quantity
Table 093-1
Unit: g
Uiszp Size 14 17 20 25 32 40 45 50 58 65
Horizontal use 5.8 11 18 32 64 120 185 235 385 495
Vertical |Qutput shaft facing upward 7.5 13 19 37 74 130 200 255 400 530
use  |Output shaft facing downward 8.9 15 22 42 84 150 230 290 480 630
When to replace grease
P g When to replace grease: LaTn (when the average load
The wear characteristics of the gear are strongly influenced by the torque is equal to or less than the rated torque) Graph 093-1
condition of the grease lubrication. The condition of the grease is
affected by the ambient temperature. The graph shows the 10" T T T
maximum number of input rotations for various temperatures. This _1 1 1
graph applies to applications where the average load torque does Life of grease
not exceed the rated torque. 5 =
In cases where the rated torque is exceeded, calculate the grease 5 é
change interval using the equation shown below. 2=
52 4B No.2
e g
g 510°
59 X
£s v
Formula when load torque exceeds rated torque Formula 093-1 | © g% \ SK-1A
2o \ | sk2
LAY Lo \
Ler=Lam x T E
Tay o=
[0}
B =
g 210° \
= Life of wave generator’
Symbols for Formula Table 093-2 E § 9
Replacement timing if average Number of input g §
load torque exceeds rated torque revolutions 58
Replacement timing if average load Number of input : . =38
torque is equal to or less than rated f See the right-hand figure.
torque ofgse formulas, i.e. Tav < Tr) revolutions Y €
Rated torque Nm See the "R;zting(;(age" 107
g”l palgf, fa” " 20 40 60 80 100 120
Average load torque Nm alcuiation formia: Grease temperature (°C)

See Page 14.

H Other precautions

1. Avoid using it with other grease. The gear should be in an
individual case when installed.

2. If you use the gear with the wave generator facing upward (see
Figure 050-2 on Page 50) at low-speed rotation (input rotational
speed: 1000 rpm or less) and in one direction, please contact us
as it may cause lubrication problems.

3. Oil lubrication is required for component-sets size 50 or larger
with a reduction ratio of 50:1. Use grease lubrication within half
the rated torque.

* Life of wave generator is based on L10 life of the bearing.
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Component Set SHG/SHF

H Oil lubrication
See "Engineering data" on Page 18 for details of the lubricant.

) Qil level for horizontal use Fig. 094-1
Usage and oil level -
For horizontal installation H
Qil level should be maintained at the level “A” as shown.
== -
<&
Table 094-1 10
Oil level for horizontal use Unit: mm =
Size 14 17 20 25 32 40 45 50 58 ) il
A 10 | 12 | 14 | 17 | 24 | 31 | 35 | 38 | 44 | 50 s
For vertical installation Qil level for vertical use Fig. 094-2
Fill the center of the ball of the wave generator facing upward or Oil level
downward with oil (Size B of Figure 094-2). An oil groove should be wr=l @M
added to the flexspline. Inform us when you place an order.
CIC 1D
Wave generator facing upward
(I S— R
Table 094-2 ]
QOil level for vertical use Unit: mm Oil le\%ﬂﬂﬁ %ﬁﬂ
Size 14 17 20 25 32 40 45 50 58 65 )
B 25 3 3 5 7 9 01 12 | 13 | 15 Wave generator facing downward
Example of Oil Channeling to the Flexspline Interface
When using oil as lubrication, the flange connected to the Flexspline must
have a passage for oil to flow through. This allows for proper oil circulation.
Fig. 094-3




N 0t Set SHG/SHF

|
©
-
©
a
()]
Oil quantity £
Table 095-1 =
Unit: 0 o
£
(o]
Amount 0.01 0.02 0.03 0.07 0.13 0.25 0.32 0.4 0.7 1.0 LICJ
When to replace oil
First time 100 hours after starting operation
Second time or later -----------Every 1000 operation hours or every 6 months
Note that you should replace oil earlier than specified if the operating conditions are demanding.
|
Other precautions
(2]
Avoid mixing different kinds of oil. The gear should be in an D
individual case when installed. n
t
Q
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'g Recommended tolerances for assembly
8 For peak performance of the gear, it is essential that the following
S tolerances be observed when assembly is complete.
LICJ Pay careful attention to the following points and maintain the
recommended assembly tolerances to avoid grease leakage.
« Warping and deformation on the mounting surface
« Contamination due to foreign matter
« Burrs, raised surfaces and location around the tap area of the
mounting holes
[ ] « Insufficient chamfering on the mounting pilot joint
" « Insufficient radii on the mounting pilot joint
=]
Q
(/2]
e
g Recommended Tolerances for Assembly Fig. 096-1
c
[}
Q.
5
Ci ting f
o ase mating race
Ll a A
Circular spline mounting face A B
Ll = [A]
Case mating face
]
N
=
5 * A
S - _A
P o
O — £8 £3
EE £c
g5 g5
ze ce
I | H7 H7
L] o A
Flexspline mounting face Wave generator installation
surface
Ol s [a Ol s |8
I Recommended shaft Recommended shaft
tolerance H6 or h6 tolerance h6
&
()
-
()
=X Table 096-1
2 Recommended Tolerances for Assembly Unit: mm
o symbol Size 14 17 20 25 32 40 45 50 58 65
)
© a 0.011 0.012 0.013 0.014 0.016 0.016 0.017 0.018 0.020 0.023
i b 0.016 0.021 0.027 0.035 0.042 0.048 0.053 0.057 0.062 0.067
(01 0.015 0.018 0.019 0.022 0.022 0.024 0.027 0.030 0.032 0.035
d 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031 0.034
e 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031 0.034
¢ 0.017 0.020 0.024 0.024 0.024 0.032 0.032 0.032 0.032 0.032
(0.008) (0.010) (0.012) (0.012) (0.012) (0.012) (0.013) (0.015) (0.015) (0.015)
0.030 0.034 0.044 0.047 0.050 0.063 0.065 0.066 0.068 0.070
I ®9 ©0.016) | (0.018) | (0.019) | (0.022) | (0.022) | (0.024) | (0.027) | (0.030) | (0.033) | (0.035)
2 (Note) The value in the parentheses indicates a solid wave generator (without Oldham's coupling structure).
[e]
-
©
5 [ Sealing 4
=
o
< Sealing is needed to maintain the high durability of the gear and prevent grease leakage.
o3 Rotating parts should have an oil seal (with spring), surface should be smooth (no scratches).
% Mating flanges should have an O Ring, seal adhesive.
8 Screws should have a thread lock (LOCTITE® 242 recommended) or seal adhesive.
-E (Note) If you use Harmonic Grease® 4BNo.2, strict sealing is required.
(1]
Q
(&)
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Component Set SHG/SHF

Installat f three basic elem

H Installation of the wave generator

1. Maximum hole diameter size

) . ) Table 097-1
Hole diameter of the wave generator hub with Oldham coupling Unit: mm
Size
e 14 17 20 25 32 40 45 50 58 65
Stand. dimension (H7) 6 8 9 11 14 14 19 19 22 24
Minimum size (¢) 3 4 5 6 6 10 10 10 13 16
Maximum size (¢) 8 10 13 15 15 20 20 20 25 30
Hole diameter of the wave generator
with Oldham coupling Fig. 097-1

The standard hole dimension of the Wave Generator for each size is
shown. The dimension can be changed within a range up to the
maximum hole dimension shown in table 097-2. We recommend the
dimension of keyway based on JIS standard. It is necessary that the
dimension of keyways should sustain the transmission torque.

* Please note: Tapered holes are also available.

In cases where a larger hole is required, use the Wave Generator
without the Oldham coupling. The maximum diameter of the hole
should be considered to prevent deformation of the Wave Generator
plug by load torque.

The dimensions shown in table 097-2 include the keyway.

Maximum hole diameter without Oldham coupling
Size
ltem 14 17 20 25

Max. hole pV' 17 20 23 28

47 52

Table 097-2

Unit: mm

58 65
60 67

Min. plug thickness H2, 7.2 7.6 1.3 1.3

13.7 15.9

17.8 19

214 13.5

2. Axial force of the wave generator

When a SHF/SHG gear is used to accelerate a load, the deflection
of the Flexspline leads to an axial force acting on the Wave
Generator. This axial force, which acts in the direction of the closed
end of the Flexspline, must be supported by the bearings of the
input shaft (motor shaft). When a SHF/SHG gear is used to
decelerate a load, an axial force acts to push the Wave Generator
out of the Flexspline cup. Maximum axial force of the Wave
Generator can be calculated by the equation shown below.

The axial force may vary depending on its operating condition. The
value of axial force tends to be a larger number when using high
torque, extreme low speed and constant operation. The force is
calculated (approximately) by the equation. In all cases, the Wave
Generator must be axially (in both directions), as well as torsionally,
fixed to the input shaft.

(Note) Please contact us for further information on attaching the Wave
Generator to the input (motor) shaft with bolts.

Formula for Axial Force Table 097-3

Ratio Calculation formula

30 F=2>% 0.07xtan32°
50 F=2>% 0.07xtan30°
80 or more F=2>% 0.07xtan20°

Symbols for Formula Table 097-4
F Axial force N See Fig. 097-2.
D (Size) x 0.00254 m
T Output torque Nm

Axial force direction of the wave generator

Fig. 097-2

F

F

Direction of

axial force during
acceleration or
constant velocity

IS
1,
o

s

T

Direction of
axial force during
deceleration

Calculation Example

Model name

Size 132
HEL
: 382 Nm (max. allowable momentary torque)

Ratio
Output torque

F=2x

F=380N

(32x0.00254)

: SHF series

382

Formula 097-1

x 0.07 x tan30°

Gear Units
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Component Set SHG/SHF

3. Shapes and dimensions of the wave generator

The shapes and dimensions of the wave generator of the SHF

Comparison of shapes and sizes of

series are different from those of the SHG series. Exercise extreme the wave generator Fig. 098-1
care in design and installation. It should also be noted that the
mounting bolts of the flexspline must not interfere with the wave o Hi
generator. o
Table 098-1 and Figure 098-1 show a comparison of the shapes
and sizes of the wave generator. SHF series
G
o
Ltd
~[la
! SHG series
H1
Table 098-1
Comparison of Dimension of Wave Generator Unit: mm
Size
Symbol 14 17 20 25 32 40 45 50 58 )
G SHG Series 1.4 1.6 1.5 3.5 4.2 5.6 6.3 7 8.2 9.5
SHF Series 0.4 0.3 0.1 2.1 2.5 3.3 3.7 4.2 4.8 —
H, SHG Series 18.5 3, 20.7 3. 21.55% 21.6%, 23.6 4. 29.7 5. 30.5 81 34.8 3. 38.3 3, 44.6 5,
SHF Series 17.6 3, 19.5 34 20.1 8, 20.2 8 22 4 27.538; 27.9 8, 3234 34.9 ¢, —
M Installation of the flexspline
1. Recommended size of the mounting diameter
The mounting diameter should have sufficient allowance (Size D
shown in Fig. 098-2) to avoid interference with the diaphragm of
the flexspline.
Observe this carefully as the diaphragm may be damaged if the
diameter is too small.
Recommended size of the mounting diameter Fig. 098-2
Avoid
A - == rJ
. Diaphragm { ™ Avoid ——~— Avoid
[a) 0 (=) a
- - < ©
A The bolt head, nut and washer should not exceed
Warning | Size D.
Table 098-2
Size of the mounting diameter Unit: Nem
Size
Syt 14 17 20 25 65
D 48 60 70 88 232




Component Set SHG/SHF

2. Tightening bolts of the flexspline

Bolts are tightened for installing the flexspline.

As the transmission torque on the tightening area changes significantly
according to the conditions described as follows, design and part
control corresponding to the load condition should be conducted.

In addition, SHG series has larger torque capacity compared with SHF
series. Tighten the bolts according to each series.

@ Strength of the selected bolt

@ Tightening of bolts and the tightening torque
@ Surface condition of bolts and tapped holes
@ Friction coefficient of the contact surface

SHG series: Flexspline bolts Table 099-1
tem Size 14 17 20 25 32 40 45 ) 58 65
Number of bolts 8 12 12 12 12 12 18 12 16 16
Bolt size M3 M3 M3 M4 M5 M6 M6 M8 M8 M10
Pitch Circle | mm 54 66 76 9 124 152 180 200 226 258
gfqmug Nm 2.4 2.4 2.4 5.4 10.8 18.4 18.4 44 44 74
lgﬁgcen‘;a(gﬂﬂ'ﬁfy’; Nm 108 198 228 486 1000 1740 3098 4163 6272 9546

SHF series: Flexspline bolts Table 099-2
- Size 14 17 20 25 32 40 45 50 58
Number of bolts 8 12 12 12 12 12 18 12 16
Bolt size M3 M3 M3 M4 M5 M6 M6 M8 M8
Pitch Circle | mm 54 66 76 9 124 152 170 190 218
gf‘c"ﬂg Nm 2.0 2.0 2.0 45 9.0 15.3 15.3 37 37
1‘;@:;{;1?,2";‘;1‘7;) Nm 88 157 186 402 843 1450 2430 3312 5076

(Table 099-1, 099-2/Notes)

1. The material of the thread must withstand the clamp torque.

2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.
3. Torque coefficient: K=0.2

4. Clamp coefficient: A=1.4

5. Tightening friction coefficient p=0.15
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8 H Installation of the circular spline
S Perform design and part control corresponding to the load condition
[ = for installation of the circular spline in the same way as the
w flexspline. Transmission torques by the recommended bolts and
tightening torque are shown as follows. When the transmission
torque is lower than the load torque, the additional use of pins and
bolts should be reviewed. Perform installation to meet the
requirements of each series.
I SHG series: Installation with bolts Table 100-1
Size
" ltem 14 17 20 25 32 40 45 50 58 65
=]
$ Number of bolts 8 16 16 16 16 16 16 16 16 16
-
g Bolt size M3 M3 M3 M4 M5 M6 M8 M8 M10 M10
c
8_ Pitch Circle mm 44 54 62 75 100 120 140 150 175 195
E Clamp
8 torque Nm 2.0 2.0 2.0 4.5 9.0 16.3 37 37 74 74
Torque transmission
capacty (boft only) Nm 72 175 196 419 901 1530 3238 3469 6475 7215
SHF series: Installation with bolts Table 100-2
Sk 14 17 20 25 32 40 45 50 58
I ter
» Number of bolts 6 12 12 12 12 12 12 12 12
=
g Bolt size M3 M3 M3 M4 M5 M6 M8 M8 M10
§ Pitch Circle | mm 44 54 62 75 100 120 140 150 175
(O] Clamp
torque Nm 2.0 2.0 2.0 4.5 9.0 15.3 37 37 74
Torque transmission
capacity (bolt only) Nm 54 131 147 314 676 1150 2440 2620 4820
(Table 100-1, 100-2/Notes)
1. The material of the thread must withstand the clamp torque.
2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.
3. Torque coefficient: K=0.2
4. Clamp coefficient: A=1.4
5. Tightening friction coefficient p=0.15
]
»
S
[]
-
(4]
=
©
<
Q
(7}
©
=
o
]
(]
S
[e]
-
©
=
—
O
<
o
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T
©
(9]
L
S
©
Q
O
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Hl Assembly order of the three basic elements

Component Set SHG/SHF

The wave generator is installed after the flexspline and circular spline. If the wave
generator is not inserted into the flexspline last, gear teeth scuffing damage or
improper eccentric gear mesh may result. Installation resulting in an eccentric tooth
mesh (Dedoidal) will cause noise and vibration, and can lead to early failure of the

gear. For proper function, the teeth of the flexspline and Circular Spline mesh

symmetrically.

Assembly order for basic three elements

u

Wave Generator

J]

1

-
Flexspline

-

Circular Spline

TUL

Wave Generator

Fig. 101-1
M
)
———g—,
|
)
When the flexspline and wave generator are assembled, the open
end of the flexspline will expand at the major axis.
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H Precautions on assembly

It is extremely important to assemble the gear accurately and in
proper sequence. For each of the three components, utilize the
following precautions.

Wave generator

1. Avoid applying undue axial force to the wave generator during
installation. Rotating the wave generator bearing while
inserting it is recommended and will ease the process.

2. If the wave generator does not have an Oldham coupling,
extra care must be given to ensure that concentricity and
inclination are within the specified limits (see page 96).

Circular spline

The circular spline must not be deformed in any way during the
assembly. It is particularly important that the mounting
surfaces are prepared correctly.

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate relief in the housing corners is needed to prevent
interference with the corner of the circular spline.

4. The circular spline should be rotatable within the housing. Be
sure there is not interference and that it does not catch on
anything.

5. Bolts should not rotate freely when tightening and should not
have any irregularity due to the bolt hole being misaligned or
oblique.

6. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them with the specified torque.
Tighten them in an even, crisscross pattern.

7. Avoid pinning the circular spline if possible as it can reduce
the rotational precision and smoothness of operation.

Flexspline

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate clearance with the housing is needed to ensure no
interference especially with the major axis of flexspline

4. Bolts should rotate freely when installing through the mounting
holes of the flexspline and should not have any irregularity due
to the shaft bolt holes being misaligned or oblique.

5. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them to the specified torque. Tighten
them in an even, crisscross pattern.

6. The flexspline and circular spline are concentric after
assembly. After installing the wave generator bearing, if it
rotates in unbalanced way, check the mounting for dedoidal or
non-concentric installation.

7. Care should be taken not to damage the flexspline diaphragm
or gear teeth during assembly.

Avoid hitting the tips of the flexpline teeth and circular spline
teeth. Avoid installing the circular spline from the open side of
the flexspline after the wave generator has been installed.

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The
gear external surfaces typically have only a temporary corrosion
inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.
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Structure of the FB series component type

FB series component type

FB is a cup type component set, without the bottom of the cup. This
series is also referred to as "pancake style".

It consists of four parts and operates using the same principle as the
cup type of the CSG/CSF series.

The flexspline is shaped like the flexspline of the cup type with a cut
bottom and is structured to have an additional circular spline with
the same number of teeth as the flexspline.

Features

M Flat and thin shape

B Compact and simple design

H High positional and rotational accuracies
H Coaxial input and output

Fig. 104-1

Circular

spline D* Circular spline S*

Wave generator

Flexspline

Wave generator

Circular spline D

Circular spline S

It has the same number of teeth
as the flexspline. As it does not
generate relative rotation with
the flexspline, it rotates at the
same speed as the flexspline.

Flexspline

It has two more
teeth than the
flexspline, like the
cup-type circular
spline.

* How to tell circular spline D from circular spline S
The peripheral chamfering of circular spline D is larger than
that of circular spline S.
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' ' ' V Table 105-1
Series
14 50 — 88 | 100 | 110 — - — - —
20 50 = 80 | 100 = = 128 = = 160
R = Size 14
25 50 - 80 | 100 - 120 — — — 160
FB 2= Component type - g _
32 50 78 — 100 — — — 131 | 157 _ GR = Size 20-50
40 50 - 80 | 100 — - 128 — — 160
50 = = 80 | 100 = 120 = = = 160

* The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline S, output: circular spline D

Rotational direction and reduction ratio EEEEEEEEEEEEEEEEEEEE—————

Fig. 105-1
D
@ D ///s//// @ s Pruid @
4 . b
I ' 1
] X (] ’
7 | Z
] ] 1
| 4 | ' . 4
. Output Input Output Input Output Input}
Input Output Fixed
(Note) Contact us if you use the product il o
as Accelerator (5) and (6). (1) Reducer (2) Reducer (3) Reducer
| = Input Input: ~ Wave Generator i= -1 Input: ~ Wave Generator . _ 1 Input:  Circular Spline D i= R
R = Reduction Ratio Output: Circular Spline D R QOutput: Circular Spline S R+1 Output: Circular Spline S R+1
Fixed:  Circular Spline S Fixed:  Circular Spline D Fixed: ~ Wave Generator

® S b ® D S,

@ Dbs

Z [ |

1 '

Z [ ]

Z |

7 |

% [} ]

Input Output Input Output
Y4 Y
q . . 7) Differential
(4) Overdrive (5) Overdrive (6) Overdrive (7
. . . . . . When all of the Wave Generator, the
Input: ~ Circular SplineS . R+1 Input: ~ Circular SplineS . Input: ~ Circular Spline D . Ci : .
o . j=—— : i=R+1 : i=-R ircular Spline S and the Circular

Output: Circular Spline D R Output: Wave Generator Output: Wave Generator Spline D rotate, Combinations (1)
Fixed: ~ Wave Generator Fixed:  Circular Spline D Fixed:  Circular Spline S ’

through (6) are available.
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Table 106-1
Max. Average Max. Rated o
Rated torque at Repeated Load Momentary input Max. Input Limit for Average Momevjt of
Ratio 2000rpm Peak Torque Torque Torque rost;telgréal Speed (rpm) Input Speed (rpm) Inertia
Nm  kgfm  Nm - kgfm  Nm - kgfm  Nm - kgfm  rpm Iub(r?élant |St:ﬁ§:§t Iubgganl ISbr:g:ﬁl x1o*|Lng x10‘§k;1msl
50 2.6 0.27 3.2 0.33 3.2 0.33 6.9 0.7
14 88 4.9 05 7.8 0.8 7.8 08 157 ! GX 2000 6000 3600 4000 2500 0.033 0.034
100 | 5.9 0.6 9.8 1.0 9.8 1.0 15.7 1.6%
110 5.9 0.6 9.8 1.0 9.8 1.0 15.7 1.6%
50 14 1.4 18 1.8 18 1.8 34 3:5
80 17 1.7 21 21 21 2.1 35 3.6
20 100 22 2.2 26 2.7 25 2.5 47 4.8 2000 6000 3600 3600 2500 0.135 0.138
128 24 2.4 33 3.4 25 25 58 58
160 24 2.4 38 3.9 25 2.5 59 6.0*
50 23 2.3 30 3.1 30 3.1 54 5.5
80 31 3.2 39 4.0 39 4.0 70 71
25 100 39 4.0 52 5.3 52 5.3 91 9.3 2000 5000 3600 3000 2500 0.36 0.37
120 39 4.0 61 6.2 61 6.2 94 9.6%
160 39 4.0 76 7.8 61 6.2 86 8.8
50 44 4.5 60 6.1 60 6.1 108 11
78 63 6.4 75 7.7 75 7.7 127 13
32 100 82 8.4 98 10 98 10 176 18 2000 4500 3600 2500 2300 1.29 1.32
131 82 8.4 137 14 118 12 235 24 %
157 82 8.4 157 16 118 12 235 24 %
50 88 9 118 12 118 12 216 22
80 118 12 147 15 147 15 265 27
40 100 | 157 16 186 19 186 19 343 35 2000 4000 3300 2000 2000 3.38 3.45
128 | 167 17 235 24 235 24 372 38 *
160 | 167 17 284 29 274 28 353 38 %
80 216 22 265 27 265 27 480 49
100 | 284 29 253 36 353 36 627 64
50 120 | 304 3 221 3 221 3 706 X 1700 3500 3000 1700 1700 Gl 10
160 [ 304 31 510 52 490 50 666 68 *

* Torque value limited by ratcheting.

1. Moment of inertia: I=
2. See "Engineering data:'fon Page 012 for details of the terms.

GD?



Outline dimensions

Fig. 107-1
6-H I d 6-H } d
equally space: Dx equally space
B B
C*
Y
Z
N~
—|a = v
IS
© ©
S| w| g Co4 2 =
(S (S
I
o
X
Fk E Fi
E
B,
Faok Dk Fik
13.45 4| 121121 4
o
D*
Fik
| I RO.3 R03
-— J_M3 €04 €04
Tapped holes I
: 3.5 i
F2% E © * ©
U @ F E Fox § The dimension tolferances
that are not specified val
0.5 I € 05 a a depending onplhe v
manufacturing method.
Please check the confirmation
g_rawing_ or c?ntact us fc:rt
imension tolerances nof
FB-14 FB-20 FB-50 shown on the drawing.
Table 107-1
Unit: mm
20 25 32 40 50
70 85 110 135 170
6 8 10 13 16
0.5 0.5 0.5 1.0 1.0
Dk 10.5 12.5 16.5 20.5 27 33
E g, 15.0 1.4 12.8 15.6 19.4 23.2
Fik 3.75 0.95 0.35 0.95 1.8 2.9
Fz % 0.75 2.05 3.35 3.95 5.8 6.9
2G 44 60 75 100 120 150
H M3 M4 M5 M6 M8 M10
B1H7) Standard 6 9 14 14 14 19
Max. size 8 12 15 15 20 20
J(Us9) — 3 5 5 5 6
K81 = 10.4 16.3 16.3 16.3 21.8
oL 14 20 26 26 32 32
oM = 31.5 4 52 65 80
X Co0.2 C0.2 C0.2 C0.2 C0.4 C0.4
Y C1.0 C1.0 C1.5 C1.5 C2.0 C2.0
z — R0.08~0.16 R0.16~0.25 R0.16~0.25 R0.16~0.25 R0.16~0.25
a 29 42 53 69 84 105
Mass (kgf) 0.1 0.3 0.5 1.0 1.8 2.9

(Note) For Circular spline D, the peripheral chamfering is Y.

*The C, D and F1 and F2 values indicate relative position of individual

gearing components (wave generator, flexspline, circular spline). Please

@ Four parts (wave generator, flexspline, circular spline D,

strictly adhere to these values when designing your housing and mating

parts.

circular spline S) are not assembled when delivered.
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[} Efficiency
I.ICJ Graph 108-1
The efficiency varies depending on the following conditions.
« Reduction ratio
- Input rotational speed
- Load torque
. Temperature (%)
« Lubrication (type and quantity)
« It looks like Graph 108-1 when the product is operated at 100% 70
I of the rated load at 40°C.
> \
-g (Note) The efficiency is increased by about 10% for the grease lubrication. 8 60 T ; |
w ,g \ 3
" = 4
c w 50
8 1=80:1
e} 2=100:1
Q. 40 3=120:1
E 4=160:1
[}
o 1000 2000 3000 rpm
Input rotational speed
]
2 : : -
‘T No-load running torque, starting torque, backdriving torque
D Graph 108-2
= Values are based on actual tests with the component sets 20
Q assembled in housings, and takes into consideration friction |
(O] resistance of oils seals, and churning of oil. 10 I
5 L
1. No-load running torque..... No-load running torque is the torque
which is required to rotate the input
side (high speed side), when there is
no load on the output side (low speed
side). The value in the graph indicates g 1 |
the condition when the input rotational g I
speed is 1500 rpm and the oil =
I temperature is about 40°C. 0.5 I
(4 2. Starting torque ----eeeeeeeeeenns This is the static torque required to
Q start the high-speed shaft in a no-load
- .
7] condition. 0.1
=
'-E‘ . . . . 0.05
< 3. Backdriving torque ... This is the static torque required to
start the low-speed shaft in a no-load 14 20 25 32 40 50
Q " Size
» condition.
© I Starting torque (kgcm)
E Backdriving torque (kgm) [ No-load running torque (kgcm)
Lost motion and the spring constant
The lost motion and the spring constant of the pancake gear is measured
[ ] by fixing the wave generator and one circular spline while a torque is
" applied to the other circular spline.
3 See Page 120 for a definition of lost motion and the spring constant.
-
‘§ Table 108-1
=
2 Lost motion Spring constant
o + Load (kgm) Lost motion (arc min) Load (kgm) Spring constant (kgfm/arc min)
[}
ke 14 0.04 3.0 0.8 0.05
3 20 0.12 30 25 0.35
< 25 0.23 3.0 4.0 0.50
8 32 0.46 3.0 10 1.2
(0] 40 0.92 3.0 16 21
50 1.73 3.0 30 4.4
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Recommended tolerances for assembly

Maintain the recommended tolerances shown in Figure 109-1 and

Table 109-1 for optimal performance.

Recommended tolerances for assembly Fig. 109-1
[Ole[B] (O] b[A]
[L[d[B] 5
A
[f[B [L]a]A]
7
1 L P —
A
[Ol9]B]
[L]h[B]
Table 109-1
Recommended tolerances for assembly Unit: mm
Size
Symbol 14 20 25 32 40 50
a 0.013 0.017 0.024 0.026 0.026 0.028
b 0.015 0.016 0.016 0.017 0.019 0.024
c 0.016 0.020 0.029 0.031 0.031 0.034
d 0.013 0.017 0.024 0.026 0.026 0.028
e 0.015 0.016 0.016 0.017 0.019 0.024
f 0.016 0.020 0.029 0.031 0.031 0.034
g 0.011 0.013 0.016 0.016 0.017 0.021
h 0.007 0.010 0.012 0.012 0.012 0.015
Precautions on installation
Fig. 109-2

[ Installation dimension precision

The concentricity and verticality against the input shaft
hole of both the circular spline and the wave generator
should be as follows.

Concentricity: 0.03mm (T, |, R)

Verticality: 0.05/100

[ Roller bearing

The input shaft and the output shaft should be
supported by two points with an appropriate roller
bearing distance and structure to bear all the radial
load and axial load applied to the shaft.

[ Shaft direction stop

As a slight axial load is generated on the wave
generator, movement in the shaft direction must be
stopped.

[ Shaft direction stop of the flexspline

As the flexspline is disposed to move to the circular
spline S side or D side during operation, a stopper
should be set to prevent the flexspline from leaning.
Recommended material and hardness for a stopper
S45C, He=260 to 290 (HRC 26.4 to 29.8)

[ Fixing the circular spline (for oil lubrication)

Fix circular spline S. As circular spline D does not have
relative rotation for the flexspline, it should be noted
that the flexspline does not rotate and may not be fully
lubricated if the circular spline is fixed.
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Component set F& I

There are two types of lubrication; oil lubrication and grease
lubrication. Although oil lubrication is common, grease lubrication is
applicable to intermittent operation.

M Oil lubrication
Fig. 110-1

1. Types of lubricant

See Page 18 for details of the lubricant. —

2. Oil quantity

Oil level should be maintained at the level “A” as shown. Figure
110-1.

Table 110-1
Oil level position Unit: mm

Size 14 20 32 40 50
A 7 12 19 24 29

.|||||<T>‘

3. When to replace oil S m—

Firsttime.....ccoooeiiiiinns 100 hours after starting operation

Second time and after----Every 1000 operation hours or every 6 months.
Note that you should replace the oil earlier than
specified if the operating condition is demanding.

M Grease lubrication

Different from oil lubrication, as a cooling effect is not expected from
grease lubrication, it is only available for short operation.

@ Operating condition: ED%--10% or less, continuous operation for 10 minutes or
less, the maximum permissible input rotational speed
in Table 106-1 or less

@ Recommended grease: ----- Harmonic Grease SK-1A for sizes 20 to 100
Harmonic Grease SK-2 for size 14

(Note) If you use the product over ED% or the maximum permissible rotational speed, the grease will deteriorate, will not work as a lubricating mechanism
and will result in early failure of the gear. Extreme care should be taken.
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Structure of the FR series component type

FR series component type

FR is a heavy duty pancake gear that uses a double wave generator
bearing. It consists of four parts like the FB series and operates
using the same principle as the cup type.

It is basically structured in the same way as the FB series and
supports high torque capacity by arranging the wave generator
bearings in two lines and widening the tooth width of the circular
spline and the flexspline.

Features

M Flat and thin shape

M High torque capacity

B Compact and simple design

H High positional and rotational accuracies
H Coaxial input and output

Fig. 112-1

Circular
spline D*

Circular spline S*

Wave generator
bearings

Wave generator

%
Su

Flexspline

Wave generator

Circular spline D Circular spline S

It has two more teeth
than the flexspline
like the cup-type
circular spline.

It has the same number of teeth
as the flexspline. As it generates
no relative rotation with the

flexspline, it rotates at the same
speed as the flexspline.

Flexspline ) ) ; .
P * How to tell circular spline D from circular spline S

The peripheral chamfering of circular spline D is larger than
that of circular spline S.




Ordering Code

FR-20-80-2-GR

\ \ \/  / V Table 113-1
Series Size Ratio* Model

14 |50] — [88] — [100[110] — | — | — | — | — | = | = | = | = | = | = | = | —

20 |50 — |80 — [100] — | = [128] = [ = [ = 60| = [ = | == [ = | = | =

25 |50 | — | 80| — |100] — [120] — | = | = | = |160] = [200| = | = | = | = | =

32 |50 |78 | — | = [100] — | = | = [181[157] — | = | = [200] = | = | = |260] = | 2= Component | R=Size 14
FR 40 |50 — |80] — |100] — | — [128] — | — | — [160] — |200] — | — [258] — | — type GR = Size

50 | — | — |80 — |100] — [120| — | — | — | — |160] — |200| — |242| = | = | = 20-50

65 | — | 78| — | — | — [104] — | — [ = [132[158] — | — | — [208] — | — |260] —

80 | — | —|80|96| — | — | — [128] — | — | — [160[194] — | = | — |258] — |320

100 | — | — | 80| — [100] — [120] — [ = | = | = [160] — |200] — [242] — [ — [320

* The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline

Rotational direction and reduction ratio S

Fig. 113-1
D S
@ ® S B ®
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' 4 1 1
’ - n ’
| H " [} H
7 1 Z
[ | Z 1 Z
. ’ (ol ‘ . o t‘t 7
. utput Input Output Input utpu
Input Output Fixed i o
(Note) Contact us if you use the product it i
Accelerator (5) and (6).
as Accelerator (5) and (6) (1) Reducer (2) Reducer (3) Reducer
| = Input Input: ~ Wave Generator . -1 Input:  Wave Generator . 1 Input: ~ Circular SplineD ._ R
R = Reduction Ratio Output: Circular Spline D =R Output: Circular Spline S L=y Output: Circular Spline S L=

Fixed:  Circular Spline S Fixed:  Circular Spline D Fixed: ~ Wave Generator

@ S //9/// @ D ///§/// @ D S

@

AN
e -ny
"""~

Input Output Input Output

(4) Overdrive
Input: ~ Circular SplineS . _R+1

Output: Circular SplineD '~ R
Fixed: ~ Wave Generator

s

(5) Overdrive

Input:  Circular Spline S
Output: Wave Generator
Fixed:  Circular Spline D

i=R+1

e

(6) Overdrive

Input:  Circular Spline D
Output: Wave Generator
Fixed:  Circular Spline S

i=_R

(7) Differential

When all of the Wave Generator, the
Circular Spline S and the Circular
Spline D rotate, Combinations (1)
through (6) are available.
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(1T} Table 114-1
Max. Average Max. Rated o
Rated torque at Repeated Load Momentary input Max. Input Limit for Average Momerlﬂ of
2000rpm Peak Torque Torque Torque ro;ggggal Speed, rpm Input Speed, rpm Inertia
R et N B R kafim N kT ket e e ar icant dbneeet x1o‘||<gm2 x10”ngfm§
88 5.9 0.6 9.8 1.0 9.8 1.0 19.6* | 2.0¢
I b 100 7.8 | 08 | 137 | 14 | 98 | 10 | 196 | 20 | 2000 | 6000 | 3600 | 4000 | 2500 | 0.060 | 0.061
17 110 | 7.8 0.8 13.7 1.4 9.8 1.0 19.6* | 2.0°
'E; 50 25 2.5 34 3.5 34 3.5 69 7.0
2 80 | 34 35 41 4.2 4 42 72 | 73
'E 20 100 | 40 4.1 53 5.4 49 5.0 94 9.6 2000 | 6000 3600 3600 2500 0.32 0.33
8 128 | 40 41 67 6.8 49 5.0 102* | 10.4°
) 160 | 40 4.1 77 7.9 49 5.0 86" 8.8*
o 50 | 39 4.0 55 5.6 55 56 | 108 | 11.0
g 80 56 5.7 69 7.0 69 7.0 122 | 124
(&) 100 67 6.8 91 9.3 91 9.3 160 16.3
25 120 67 6.8 108 11.0 108 11.0 190 19.4 2000 5000 3600 3000 2500 0.7 0.7
160 | 67 6.8 135 13.8 108 11.0 | 172* | 17.6"
200 | 67 6.8 147 15.0 108 11.0 | 172* | 17.6*
50 76 7.8 108 11 108 11 216 22
78 | 108 11 137 14 137 14 245 25
100 | 137 14 176 18 176 18 323 33
32 131 | 137 14 255 26 216 22 451 46 2000 | 4500 3600 2500 2300 2.6 2.61
I 157 | 137 14 294 30 216 22 500" 51
) 200 | 137 14 314 32 216 22 372* 38"
' 260 | 137 14 314 32 216 22 372* 38
= 50 [ 137 14 196 20 196 20 353 36
:E 80 196 20 245 25 245 25 431 44
Q 100 | 255 26 314 32 314 32 549 56
G 40 128 | 294 30 392 40 392 40 686 70 2000 4000 3300 2000 2000 6.8 6.9
160 | 294 30 461 47 451 46 813 83
200 | 294 30 529 54 451 46 745 76
258 | 294 30 627 64 451 46 745 76
80 | 363 37 441 45 441 45 784 80
100 | 470 48 578 59 578 59 1019 | 104
120 | 559 57 696 71 696 71 1225 | 125
50 160 | 559 57 833 a5 833 5 1270 | 150 1700 | 3500 3000 1700 1700 21 21
200 | 559 57 960 98 843 86 1411% | 144°
242 | 559 57 1176 | 120 843 86 1411% | 144°
I 78 745 76 921 94 921 94 1617 165
" 104 | 1070 109 1340 137 1340 137 2360 241
> 132 | 1070 | 109 | 1650 | 168 | 1570 | 160 | 2890 | 295
Q 65 158 | 1070 | 109 | 1970 | 201 1570 | 160 | 3450* | 352° 1400 | 3000 2200 1400 1400 & &
g 208 | 1070 109 2180 222 1570 160 2590* | 264°
£o) 260 | 1070 | 109 | 2200 | 224 | 1570 | 160 | 2590* | 264"
< 80 | 1320 | 135 | 1640 | 167 | 1640 | 167 | 2870 | 293
(] 96 | 1660 | 169 | 2050 | 209 | 2050 | 209 | 3590 | 366
% 128 | 2300 | 235 | 2820 | 288 | 2830 | 289 | 4960 | 506
E 80 160 | 2350 | 240 | 3380 | 345 | 3130 | 319 | 5940 | 606 1200 | 2500 2000 1200 1200 213 217
194 | 2350 | 240 | 4300 | 439 | 3130 | 319 | 6900* | 704
258 | 2350 | 240 | 4350 | 444 | 3130 | 319 | 5170* | 528
320 | 2350 | 240 | 4350 | 444 | 3130 | 319 | 5170* | 528"
80 | 2330 238 2870 293 2870 293 5040 514
100 | 3200 | 327 | 3940 | 402 | 3940 | 402 | 6920 | 706
120 | 3890 | 397 | 4780 | 488 | 4780 | 488 | 8400 | 857
[ | 100 160 | 4470 | 456 | 6230 | 636 | 5720 | 584 |10950 | 1117 | 1000 | 2000 | 1700 | 1000 | 1000 635 648
n 200 | 4470 456 7090 723 5720 584 | 12440 | 1269
B 242 | 4470 | 456 | 7960 | 812 | 5720 | 584 | 9410 | 960"
- 320 | 4470 | 456 | 7960 | 812 | 5720 | 584 | 9410* | 960
3 * Torque value limited by ratcheting.
é’ 1. Moment of inertia: I:%GD2
o3 2. See Rating Table Definitions on Page 12 for details of the terms.
» Load inertia = J
T
©
(F]
=
©
Q
O
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Outline dimensions

Component Set FR

Fig. 115-1
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The dimension tolerances that are not specified vary
depending on the manufacturing method.
Please check the confirmation drawing or contact us for
dimension tolerances not shown on the drawing. FR-14
Unit: mm
Size
Symbol 14 20 25 32 40 50 65 80 100
@A (h6) 50 70 85 110 135 170 215 265 330
B 8.5 12 14 18 21 26 35 M 50
C* 1 1 1 1 1 1 1 1 1
D* 18 25 29 37 43 53 7 83 101
E g, - 17.3 20 25.9 31.5 39.1 50.5 62 77.2
F* = 3.85 4.5 5.55 5.75 6.95 10.25 10.5 11.9
oG 44 60 75 100 120 150 195 240 290
H 6 6 6 6 6 6 6 8 8
| M3x6 M3x6 M4x8 M5x10 M6x12 M8x16 M10x20 M10x20 M12x24
BIHT) Standard 6 9 11 14 14 19 24 28 28
Max. size 8 11 11 17 20 26 26 32 33
K (Jss) — 3 4 5 5 6 8 8 8
L = 10.4 12.8 16.3 16.3 21.8 27.3 31.3 31.3
M cl cl c1.5 c1.5 c1.5 c1.5 c1.5 c2 c2
N c0.2 c0.2 c0.2 c0.2 c0.4 c0.4 c0.4 c0.4 c0.4
a 29 42 53 69 84 105 138 169 211
ou — — 22 28 32 38 44 52 58
oV — — 32 42 52 62 86 100 128
w — — 4.8 6.1 7.6 9.8 12.6 16 19.7
X — — 1.6 1.9 2.5 3.2 4.4 5.1 6.3
z — R0.08 to 0.16 [ R0.08 to 0.16 | R0.08 to 0.25 |R0.08 to 0.25 [R0.08 to 0.25 [R0.08 to 0.25 |R0.08 to 0.25 | R0.08 to 0.25
Mass ‘ kgf 0.2 0.5 0.8 1.7 3.0 6.0 12.0 22.3 42.6

(Note) For Circular spline D, the peripheral chamfering is M.

*The C, D and F values indicate relative position of individual gearing

components (wave generator, flexspline, circular spline). Please strictly
adhere to these values when designing your housing and mating parts.

@ Four parts (wave generator, flexspline, circular spline D,

circular spline S) are not assembled when delivered.
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Component set Fr I

The efficiency varies depending on the following conditions.
B Reduction ratio

H Input rotational speed

M Load torque

B Temperature

W Lubrication (Type and quantity)

H Efficiency compensation coefficient

If the load torque is lower than the rated torque, the efficiency will
be lower. Calculate the compensation coefficient Ke from Graph
116-1 to calculate the efficiency using the following example.

Calculation Example

Efficiency n (%) under the following condition is calculated from the
example of FR-20-80-2GR.

Input rotational speed: 1000 rpm

Load torque: 19.6 Nm

Lubrication: Grease lubrication (Harmonic Grease SK-1A)

Lubricant temperature: 20°C

Since the rated torque of size 20 with a reduction ratio of 80 is 34
Nm (Ratings: Page 114), the torque ratio a is 0.58.
(a=19.6/34=0.58)

B The efficiency compensation coefficient is Ke=0.86 from Graph
116-1.

H Efficiency n at load torque 19.6 Nm: n=Ke*nR=0.86 x 65=56%

Measurement condition Table 116-1
Installation | Based on recommended tolerance.
Load . q
torque The rated torque shown in the rating table (see page 114)
Harmonic Grease SK-1A
Grease
. Name Harmonic Grease SK-2
Lubricant
Qil Industrial gear oil class-2
Quantity Recommended quantity (see page 122)
* Contact us for oil lubrication.
Efficiency compensation coefficient Graph 116-1
1.0 ///_
0.9
]
X
0.8
€ n =Ke*nr
:g 0.7 ns= Efficiency at the rated torque |
e
©
8 06
5 oo |/
5 05
1]
=
2 04 It
L . _ Loadtorque
g Q '\orque‘ ratlo‘a " Rated torque
o 03
or

0.1 0.2 03 04 05 06 0.7 0.8 09 1.0

Torque ratio*

* Efficiency compensation coefficient Ke=1 holds when the load torque is greater
than the rated torque.
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H Efficiency at rated torque (oil lubrication)

Input speed: 500rpm
Graph 117-1
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Input speed: 2000rpm
Graph 117-3
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Input speed: 1000rpm
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Input speed: 3500rpm

Graph 117-4
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H Efficiency at rated torque (grease lubrication)

Component setrr I

Input speed: 500rpm

Graph 118-1
80 Ratio
|_—50,80
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Input speed: 2000rpm

Graph 118-3
80
Ratio
70 50,80
— 120
60
/ 160
g 50 L~ A // // 200
) 260
Zg 40 / / // ] 320
= /// 7
» '/’%?
20 ,A/
o
10
40 0 10 20 30 40

Ambient Temperature (°C)

Efficiency (%)

Efficiency (%)

Input speed: 1000rpm

Graph 118-2
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Component Set FR

No-load running torque, starting torque, backdriving torque

Values indicated are from actual tests with the component sets
assembled in their housings, and inclusive of friction resistance
of oils seals, and churning of oil.

(1) No-load running torque.....

(2) Starting torque «-----seseeee-

(3) Backdriving torque -

No-load running torque is the torque
which is required to rotate the input
side (high speed side), when there is
no load on the output side (low speed
side). The value in the graph indicates
the condition when the input
rotational speed is 1500 rpm and the
oil temperature is about 40°C.

This is the static torque required to
start the high-speed shaft in a no-load
condition.

- This is the static torque required to

start the low-speed shaft in a no-load
condition.

Running torque, starting torque, backdriving torque Fig. 119-1

Torque

300
200

100

50

10

5.0

1.0 |

0.5

0.1

14 20 25 32 40 50 65 80 100

Size
I Starting torque (kgem)
Backdriving torque (kgm)

[N No-load running torque (kgcm)

Gear Units

Gearheads & Actuators
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Lost motion and the spring constant

Lost motion and the spring constant of the pancake gear is the
value when the wave generator or one circular spline is fixed and
when a torque is applied to the dynamic spline.

Table 120-1
Lost motion Spring constant
+ Load (kgm) Lost motion (arc min) Load (kgm) Spring constant (kgfm/arc min)
14 0.04 max. 3.0 1.26 0.3
20 0.12 3.0 3.69 0.9
25 0.23 3.0 7.20 21
32 0.46 3.0 15.78 4.4
40 0.92 3.0 29.50 7.8
50 1.73 3.0 57.60 16
65 3.9 3.0 126.7 27
80 7.4 3.0 236.2 52
100 14.4 3.0 460.8 100

H Description on lost motion and spring constant

When assembled, rotation of the Wave Generator as a high speed
input member imparts a rotating elliptical shape to the Flexspline.
This causes progressive engagement of its external teeth with the
internal teeth of the Circular Spline. The fixed Circular Spline, having
a larger number of teeth than the Flexspline causes the latter to
precess at a rate determined by the ratio of tooth difference to the
total number of teeth. With the same number of teeth as the
Flexspline, The Dynamic Spline rotates with, and at the same speed
as, the Flexspline and is the output member of the drive.

Fig. 120-1

(1) Lost motion (L/M)
The lost motion is the total value of rotational angle of low-speed
shaft when the high-speed shaft is fixed in rotational direction with
the drive installed and when slight load torque (see Table 120-1) is
applied to the low-speed shaft the other way round.

(2) Spring constant

By increasing the load torque gradually in the same manner as the
lost motion and applying the load the other way round, "load torque
- torsional angle" diagram emerges as shown in Fig. 120-2. The
average spring constant obtained by this diagram is shown in Table
120-1. (This value is only for the HarmonicDrive® components.)

H Example of calculation

Use model number FR-40-160-2A-GR to fix the input shaft in
rotational direction, and apply the load (30kgfm) rated in the catalog
to the output shaft, and then obtain the torsional angle.

Torsional angle 8=

15 — (30-0.92)
7.8

=5.23arc min

Maximum value “@max” when rotated
the other way round is

Omax=2+0=10.46arc min

Torsional angle

Lost motion

A

Load torque

v

Torque

Fig. 120-2

Torsional angle

Load torque
Spring constant

K= %kgfm/arc min

Fig. 120-3

Spring constant

by lost motion  1qrgional angle

< A A

2

o

=

&

§ Y

5 Y

[

O

= A Load

torque

Torsional angle L.-m

by lost motion —5 Tim




Design Guid e

Recommended tolerances for assembly

Maintain the recommended assembly tolerances shown in Figure 121-1
and Table 121-1 for maximum performance of your FR gear.

Recommended tolerances for assembly

Fig. 121-1
[
Table 121-1
Recommended tolerances for assembly Unit: mm
Size
Symbol 14 20 25 32 40 50 65 80 100
a 0.013 0.017 0.024 0.026 0.026 0.028 0.034 0.043 0.057
b 0.015 0.016 0.016 0.017 0.019 0.024 0.027 0.033 0.038
c 0.016 0.020 0.029 0.031 0.031 0.034 0.041 0.052 0.068
d 0.013 0.017 0.024 0.026 0.026 0.028 0.034 0.043 0.057
e 0.015 0.016 0.016 0.017 0.019 0.024 0.027 0.033 0.038
f 0.016 0.020 0.029 0.031 0.031 0.034 0.041 0.052 0.068
g 0.011 0.013 0.016 0.016 0.017 0.021 0.025 0.030 0.035
h 0.007 0.010 0.012 0.012 0.012 0.015 0.015 0.015 0.015
Installation of the circular spline
Conduct design and part control corresponding to the load
condition for installation of the circular spline. Transmission torques
by the recommended bolts and tightening torques are shown in the
following table.
Installation with bolts Table 121-1
Size 14 20 25 32 40 50 65 80 100
Item
Number of bolts 6 6 6 6 6 6 6 8 8
Bolt size M3 M3 M4 M5 M6 M8 M10 M10 M12
Pitch Circle
Diameter mm 44 60 75 100 120 150 195 240 290
Clamp Nm 2.0 2.0 4.5 9.0 15.3 37 74 74 128
torque
kgfm 0.20 0.20 0.46 0.92 1.56 3.8 7.5 7.5 13.1
Torque Nm 54 74 159 338 573 1300 2680 4410 7750
transmission
kgfm 5.5 7.5 16 34 58 132 273 450 790

(Table 121-1/Notes)
1. The material of the thread must withstand the clamp torque.
2. Recommended bolt: JIS B 1176 socket head cap screw / Strenath ranage: JIS B 1051 over 12.9.

Gear Units

Gearheads & Actuators

HarmonicDrive”

Component Sets I Engineering Data I

Phase Adjusters I

121




|
Component Set FR
S
©
(]
o 7
c Precautions on assembly
S
$ Maintain the recommended tolerances shown in Figure 122-1 and Table
c 122-1 for optimal performance.
o
C . . .
L Precautions on installation
Fig. 122-1
=== = [ Installation dimension precision
The concentricity and verticality against the input shaft
hole of both the circular spline and the wave generator
should be as follows.
L] Concentricity: 0.08mm (T, I, R)
7 Verticality: 0.05/100
=]
$ —— ¥ Roller bearing
= - The input shaft and the output shaft should be
g supported by two points with an appropriate roller
c bearing distance and structure to bear all the radial
[e) load and axial load applied to the shaft.
Q.
€ [ Shaft direction stop
8 As a slight axial load is generated on the wave
generator, movement in the shaft direction must be
stopped.
[ Shaft direction stop of the flexspline
As the flexspline is disposed to move to the circular
spline S side or D side during operation, a stopper
should be set to prevent the flexspline from leaning.
Recommended material and hardness for a stopper
| S45C, He=260 to 290 (HRC 26.4 to 29.8)
2
r= [ Fixing the circular spline (for oil lubrication)
- Fix circular spline S. As circular spline D does not have
E relative rotation for the flexspline, it should be noted
b} that the flexspline does not rotate and may not be fully
(O] lubricated if the circular spline is fixed.
Lubrication
There are two types of lubrication; oil lubrication and grease
lubrication. Although oil lubrication is common, grease lubrication is
applicable to intermittent operation.
M Oil lubrication
| ,
X Fig. 122-2
» 1. Types of Oil
_§ The specified standard lubricant is “Industrial gear oil class-2 |
17 (extreme pressure) ISO VG68.” (Page 18).
=
£S) 2. Oil quantity
ﬁ The recommended oil level is shown in Table 122-1.
(7}
© -
=
o
A
Table 122-1
Oil level Unit: mm e
Size 14 20 25 32 40 50 65 80 100 L T
m——_
A 7 12 15 31 38 44 62 75 94
|
o M Grease lubrication
k2] Different from oil lubrication, as a cooling effect is not expected from
g grease lubrication, it is only available for short operation.
=
($]
< e Operating condition: ED% -- 10% or less, continuous operation for 10 minutes or less,
o the maximum allowable input rotational speed in Table
” 114-1 or less
g e Recommended grease: ----- Harmonic Grease SK-1A for sizes 20 to 100
@ Harmonic Grease SK-2 for size 14
L
E (Note) If you use the product over ED% or the maximum allowable rotational speed, the grease will deteriorate, will not work as a lubricating mechanism
Q and will result in early failure of the gear. Extreme care should be taken.
(O]
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CSG/CSF Series
Gear Unit CSGICSE
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Ordering code 125 [ CSG-2UH-LW -eeeeeeeesesereseeens 123
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« Outline drawings and dimensions---- 128 [ CSG-2UK «veeveereresessessenenae 146
« Positional accuracy ««....eeeeeseeseenennes 130 [ CSF-2UP «eeeeeereesesssssususanans 157
© Hysteresis 108S -+e-xeeevereneenerecenncenenns 130 [ CSF-mini weeeeeeeeeeeeesesussesenens 169
- Backlash 130 [ CSF-supermini - 195
« Torsional stiffness  ...ecceeveeeeecnennnens 130 [0 CSD-2UH -weeeeeeessesssmssesnsseasnsees 209
o Starting torque «+«eeeeeeeeeennenieniine 131 [ CSD-2UF eerereerenensasususuens 209
« Backdriving torque ««s-.seeesessusescuins 131 [ SHG-2UH -eerevememeercereusencns 207
« Ratcheting torque «-«.e-ceoeeseeeienncnene 132 O SHF-2UH-LW :eeeeeeeeeeesesnnneas 207
« Buckling torque ««e.eceeeeeinsniiinniinnns 132 O SHF-2UH «eeeeeeeseesaeeennnnnns 207
« No-load running torque -««..ceeeeeeseeees 132 O SHG-2UH-LW «teeeeeevreereaannne 227
« Efficiency 134 [ SHF-2UJ cweeeeeesessenessenaseanans 227
« Checking output bearing -« ...cccoueeee 136 0 SHG-2UJ +eevvereeeeccneneenenannns 227
Design guide « Output bearing and «...cceeveeeesurenennes 137 [ SHE-2S0 - erreerrerreeeecsseeaees 207
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« Assembly 101erances - 137 O SHG-2S0 wweeeeeeesssnseessssnnsnsssens 207
. Installation and transmission —......... 138 [ SHF-2SH «eeeeerererneeernnnneenes 227
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Features

CSG/CSF Gear Unit

CSF/CSG are housed component gear sets combined with a
precision cross roller output bearing & flange. A highly rigid cross
roller bearing is built in to directly support (output bearing) the
external load. They are a very compact, robust and easy to use
gearhead solution. CSF and CSG are also available in lightweight
versions.

Features

B Zero backlash

B Compact design

W High-torque capacity

H High stiffness

B High-positional and rotational accuracies

Structure of CSG/CSF series gear unit Fig. 124-1

CSF v. CSG

Circular Spline CSG high torque
+ 30% Higher torque than CSF series.
+ The life has been improved by 43% (10,000 hours) compared

to CSF.

Cross roller

bearing CSF: standard torque
+ Reduction ratio of 30:1 included for high-speed
CSF/CSG-LW series: Lightweight (sizes 14 to 45)
» 30% average lower weight than Standard Series.
» Same performance as CSF/CSG series.

I I i
T Wave Generator
Output flange
J il
d Flexspline
Comparison between CSG series and CSF series Graph 124-1
Rated torque
Input inertia

Peak torque at start/stop

Stiffness Momentary peak torque

Capacity Ratcheting torque

Life Buckling torque ~I— CSG series
—ll— CSF series




Gear Unit CSG/CSF

Ordering € od e

CSG -25-100-2UH- SP

v v v v v

Table 125-1

Series Ratio™ Special specification

14 50 80 100 — —

17 50 80 100 120 -

20 50 80 100 120 160 . '

2A= Component type LW= " Lightweight
25 20 0 100 120 50 2UH= Unit type SP= Special specification
cSG 32 50 g 100 | 120 160 2UJ = Unit type with input code

40 50 80 100 120 160 shaft2 Blank= Standard product

45 50 80 100 120 160

50 = 80 100 120 160

58 — 80 100 120 160

65 — 80 100 120 160

*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline
*2 Contact us for details.

CSF - 25-100- 2UH - SP

-
-

v Table 125-2
Special specification
14 30 50 80 100 — —
17 30 50 80 100 | 120 —
20 30 50 80 100 | 120 | 160 W= Lightweight
25 30 50 80 100 | 120 | 160 2A= Component type (sizes 14 to 45)
csF 32 30 | 50 | 80 | 100 | 120 | 160 235‘: ld:'l‘t g’/z‘: with nput SP=  Special specification
40 = 50 80 100 | 120 | 160 shaft? Bk code
45 _ 50 80 100 120 160 ank= Standard product
50 = 50 80 100 | 120 | 160
58 — 50 80 100 | 120 | 160
65 = 50 80 100 | 120 | 160

*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline
*2 Contact us for details.
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c Rating table
11]
Hl CSG Series Table 126-1
Limit for o .
Rated Torque at Repeated Limit for Average  Limit for Momentary ~ Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
(o]} Grease (o]] Grease | J
Nm kgfm Nm kgfm Nm kgfm Nm kgfm lubricant lubricant Iubricant lubricant = x107kgm®  x10°kgfms®
. 50 7.0 0.7 23 2.3 9 0.9 46 4.7
14 80 10 1.0 30 3.1 14 1.4 58 5.9% 14000 | 8500 6500 3500 | 0.033 | 0.034
_EZ 100 10 1.0 36 3.7 14 1.4 587 5.9%
3 50 21 21 44 4.5 34 3.4 91 9
80 29 2.9 56 5.7 35 3.6 1097 113
——
g 17 100 Y 32 70 75 51 52 1097 17° 10000 | 7300 6500 3500 | 0.079 | 0.081
c 120 31 3.2 70 7.2 51 572 10973 117
8_ 50 33 3.3 73 7.4 44 4.5 127 13
£ 80 44 4.5 96 9.8 61 6.2 165 17
] 20 100 52 5.3 107 10.9 64 6.5 191 20 10000 | 6500 6500 3500 | 0.193 | 0.197
(O] 120 52 5.3 113 11.5 64 6.5 191 20
160 52 5.3 120 12.2 64 6.5 191 20
50 51 5.2 127 13 72 7.3 242 25
80 82 8.4 178 18 113 12 332 34
25 100 87 8.9 204 21 140 14 369 38 7500 5600 5600 3500 | 0.413 | 0.421
120 87 8.9 217 22 140 14 395* 40
160 87 8.9 229 23 140 14 408* 424
[ 50 99 10 281 29 140 14 497 51
80 153 16 395 40 217 22 738 75
_.g 32 100 | 178 18 433 44 281 29 841 86 7000 4800 4600 3500 1.69 1.72
= 120 | 178 18 459 47 281 29 892 91
2 160 | 178 18 484 49 281 29 892 91
] 50 178 18 523 53 255 26 892 91
8 80 268 27 675 69 369 38 1270 130
40 100 | 345 35 738 75 484 49 1400 143 5600 4000 3600 3000 4.50 4.59
120 | 382 39 802 82 586 60 1510 154
160 | 382 39 841 86 586 60 1510 154
50 229 23 650 66 345 35 1235 126
80 407 M 918 94 507 52 1651 168
45 100 | 459 47 982 100 650 66 2041 208 5000 3800 3300 3000 8.68 8.86
120 | 528 53 1070 109 806 82 2288 233
160 | 523 53 1147 117 819 84 2483 253
80 484 49 1223 125 675 69 2418 247
. 100 | 611 62 1274 130 866 88 2678 273 4500 3500 3000 2500 125 12.8
] 120 | 688 70 | 1404 | 143 | 1057 | 108 | 2678 | 273 . .
» 160 | 688 70 1534 156 1096 112 3185 325
‘q-) 80 714 73 1924 196 1001 102 3185 325
"E‘) 58 100 | 905 92 2067 211 1378 141 4134 422 4000 3000 2700 2900 273 279
=1 120 | 969 99 2236 228 1547 158 4329 441 ’ ’
© 160 | 969 99 2392 244 1573 160 4459 455
< 80 969 99 2743 280 1352 138 4836 493
8 - 100 | 1236 126 2990 305 1976 202 6175 630 60 ) 2T e BE 7
2 120 | 1236 126 3263 333 2041 208 6175 630 ’ ’
a 160 | 1236 126 3419 349 2041 208 6175 630
(Note) 1. Moment of inertia: I=“TGD2
2. See "Engineering data" on Page 12 for details of the terms.
3. The value of permissible maximum momentary torque is limited by the transmission torque of the unit (See Table 138-1, 2 on Page 138.).
4. When using LW series, see the transmission torque of the unit (Table 138-3, 4 on Page 138.) for the permissible maximum momentary torque.
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B CSF Series Table 127-1
Limit for o o .
Rated Torque at Repeated Limit for Average  Limit for Momentary ~ Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Nm kgfm Nm kgfm kgfm bl (i Iubgtl,‘lant |uGbr:§:t Iubfi)cl:lant ﬁéﬁ?ﬁﬁt « o*:(gmZ x10"ngfms‘
|
50 5.4 0.55 18 1.8 6.9 0.70 35 3.6
14 a0 78 0.80 3 24 e 1] a7 18 14000 | 8500 6500 3500 | 0.033 | 0.034 )
100 | 7.8 0.80 28 2.9 11 1.1 54 5.5 %
30 8.8 0.90 16 1.6 12 1.2 30 3.1 —
50 16 1.6 34 3.5 26 2.6 70 7.1 ch
17 80 22 2.2 43 4.4 27 2.7 87 8.9 10000 | 7300 6500 3500 | 0.079 | 0.081 c
100 24 24 54 5.5 39 4.0 108 11 8_
120 24 2.4 54 5.5 39 4.0 86 8.8 £
30 15 1.5 27 2.8 20 2.0 50 5.1 [e)
50 | 25 25 56 5.7 34 35 % 10 o
80 34 3.5 74 7.5 47 4.8 127 13
20 100 20 21 a2 84 29 50 147 15 10000 6500 6500 3500 0.193 0.197
120 40 4.1 87 8.9 49 5.0 147 15
160 40 4.1 92 9.4 49 5.0 147 15
30 27 2.8 50 5.1 38 3.9 95 9.7
50 39 4.0 98 10 55 5.6 186 19
80 63 6.4 137 14 87 8.9 255 26 I
25 100 &7 Y 157 16 108 T 284 29 7500 5600 5600 3500 | 0.413 | 0.421
120 67 6.8 167 17 108 11 304 31 ..g
160 67 6.8 176 18 108 11 314 32 [=
30 54 5.5 100 10 75 7.7 200 20 o
50 76 7.8 216 22 108 11 382 39 §
80 118 12 304 31 167 17 568 58
32 00| 137 ” . 34 216 2 547 o5 7000 4800 4600 3500 1.69 1.72 O
120 | 137 14 353 36 216 22 686 70
160 | 137 14 372 38 216 22 686 70
50 137 14 402 M 196 20 686 70
80 206 21 519 53 284 29 980 100
40 100 | 265 27 568 58 372 38 1080 110 5600 4000 3600 3000 4.50 4.59
120 | 294 30 617 63 451 46 1180 120
160 | 294 30 647 66 451 46 1180 120
50 176 18 500 51 265 27 950 97
80 313 32 706 72 390 40 1270 130
45 100 | 353 36 755 77 500 51 1570 160 5000 | 3800 | 3300 | 3000 | 8.68 8.86 ]
120 | 402 4 823 84 620 63 1760 180 n
160 402 41 882 90 630 64 1910 195 ’6
50 245 25 715 73 350 36 1430 146 0
80 372 38 941 96 519 53 1860 190 =1
50 100 | 470 48 980 100 666 68 2060 210 4500 3500 3000 2500 12,5 12.8 ©
120 | 529 54 1080 110 813 83 2060 210 <
160 | 529 54 1180 120 843 86 2450 250 %
50 176 18 1020 104 18 27 1960 200 .‘C“
80 549 56 1480 151 770 79 2450 250 [
58 100 | 696 71 1590 162 1060 108 3180 325 4000 3000 2700 2200 27.3 27.9
120 745 76 1720 176 1190 121 3330 340
160 | 745 76 1840 188 1210 123 3430 350
50 245 25 1420 145 360 27 2830 289
80 745 76 2110 215 1040 106 3720 380
65 100 | 951 97 2300 235 1520 155 4750 485 3500 2800 2400 1900 46.8 47.8
120 | 951 97 2510 256 1570 160 4750 485  —
160 | 951 97 2630 268 1570 160 4750 485 2
(Note) 1. Moment of inertia: I=1TGD2 %
2. See "Engineering data" on Page 12 for details of the terms. s
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Gear Unit CSG/CSF

Outline Dimensions

You can download the CAD files from our website: harmonicdrive.net

(Note) Note that the length of the path of contact of the bolt will be within the depth of the female screw. If the length exceeds the size indicated
by the symbol, Z, it will damage the flexspline.

* The shape of the output flange may vary depending on the size. Contact us for details. * Check the confirmation drawing for details of the sizes.
* See Fig. 040-3 on Page 40 for the shapes of the wave generator. The dimension tolerances that are not specified vary depending on the manufacturing method.
Please check the confirmation drawing or contact us for dimension tolerances not shown on the drawing.

Fig. 128-1
B*
C
E F
H i
Ll
h V
= =) i
=71
~ Ry ~
= alol x| Tlo LM, | £ g = 5 <
Q| &8 O x| & S o | o
S =} B
%
r N3s
B*
(¢} D3k
E . F G
H | ! a
2.5 (Size 14) — 3 (Size 17) I
i ) 2-M3x4 (Size 14) 1 | o
-| X 1ze =
2-M3x6 (Size 17) ] = ﬂ\
N~ H =
‘ It L e[ !
o | € < | @
é B B, I <
T - - I — |
Ti-— :
= || i ~
- Ik g
] : :
>
i0] A &
M, |
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Table 129-1
Unit: mm
Symbol Size 14 17 20 25 32 40 45 50 58 65
DA 73 79 93 107 138 160 180 190 226 260
B* 41 % 45 % 45.5 % 52 % 62 % 72.5 % 79.5 % 90 % 104.5 % 115 9
C 34 37 38 46 57 66.5 74 85 97 108.5
gzgi\j\:zseries S %a 7.5 %4 6 %s 5 % s 5.5 %6 5% 7.5 % 6.5 %s
D* -
gzi—f\?\;‘esseries 7 %s 8 %o 7.5 % 6 %0 59 6 %1 55°% 5% 7.5 % 6.5 %3
E 27 29 28 36 45 50.5 58 69 77 84.5
F 7 8 10 10 12 16 16 16 20 24
G 2 2 3 3 3 4 4 4 5 5
CSG Series 3.5 4 5 5 5 5 6 6 6 6
CSG-LW Series 4 4 5 5 5 5 6 6 6 6
n CSF Series 35 4 5 5 5 5 6 6 6 6
CSF-LW Series 4 4 5 5 5 5 6 6 6 6
CSG Series 0.5 0.5 0.5 0.5 1 1.5 1 1 1.5 1.5
L CSG-LW Series 1.1 1.1 1.1 1.1 1.2 1.6 1.6 1 1.5 1.5
CSF Series 0.5 1.1 1.1 1.1 1.2 1.6 1.6 1 1.5 1.5
CSF-LW Series 1.1 1.1 1.1 1.1 1.2 1.6 1.6 1 1.5 1.5
M1 9.4 9.5 9 2 15 5 6 8 10 10
M2 - - - - - - - - 4
CSG Series
) e e 18.5 20.7 215 21.6 23.6 29.7 30.5 34.8 38.3 44.6
N-a CSF Series
CSF-LW Series 17.6 19.5 20.1 20.2 22 27.5 27.9 32 34.9 40.9
$0 h7 56 63 72 86 113 127 148 158 186 212
CSG Series 56 62 70 85 112 123 147 157 185 210
P CSG-LW Series 54.6 61.6 69.6 85 110 124.5 143 155 183.4 208.4
CSF Series 55 62 70 85 112 123 147 157 185 210
CSF-LW Series 54.6 61.6 69.6 85 110 1245 143 155 183.4 208.4
CSG Series 42.5 49.5 58 73 96 109 127 137 161 186
+Q CSG-LW Series 40.5 47.5 55.5 71 91.1 103 123 130 155 180
CSF Series 42.5 49.5 58 73 96 109 127 137 161 186
CSF-LW Series 40.5 47.5 55.5 71 91.1 103 123 130 155 180
$R1 H7 11 10 14 20 26 32 32 40 46 52
$R2 H7 - - - - - - - - - 142
$S 8 7 10 15 20 24 25 32 38 44
T h7 38 48 56 67(68) 90 110 124 135 156 177
Standard (H7) 6 8 12 14 14 14 19 19 22 24
ou Max. size 8 10 13 15 15 20 20 20 25 30
V - - 13.8 " 16.3 & 16.3 &' 16.3 " 21.8 "' 21.8 "' 24.8 ' 27.3 ¢
W Js9 - - 4 5 5 5 6 6 6 8
dX 23 27 32 42 55 68 82 84 100 110
Y 6 6 8 8 8 8 8 8 8 8
Y4 M4 x8 M5x10 M6x9 M8x12 M10x15 | M10x15 | M12x18 | M14x21 | M16x24 | M16x24
a 1 1 1.5 1.5 1.5 2 2 2 25 2.5
$b 65 71 82 96 125 144 164 174 206 236
CSG Series 8 8 8 10 12 10 12 14 12 8
o CSG-LW Series 6 8 8 10 12 10 16 18 16 12
CSF Series 6 6 6 8 12 8 12 12 12 8
CSF-LW Series 6 8 8 10 12 10 16 18 16 12
¢d 4.5 4.5 5.5 5.5 6.6 9 9 9 11 14
de 38 45 53 66 86 106 119 133 154 172
CSG Series 8 8 8 10 12 10 12 14 12 8
¢ CSG-LW Series 6 8 8 10 12 10 16 18 16 12
CSF Series 6 6 6 8 12 8 12 12 12 8
CSF-LW Series 6 8 8 10 12 10 16 18 16 12
[¢] M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
h 29.0x0.50 34.5x0.80 | 40.64x1.14 | 53.28x0.99 S71 AS568-042 S100 S105 S125 S135
i S50 S56 S67 S80 S105 S125 S145 S155 S180 S205
bk 31 38 45 58 78 90 107 112 135 155
om 10 10.5 15.5 20 27 34 36 39 46 56
r 21.4 23.5 23 29 37 39.5 45.5 53 62.8 66.5
CSG Series
CSG-LW Series 1.1 0.8 1 1.4 1.4 3.3 3.5 2.2 3.4 3.9
t CSF Series
T 2 2 2.4 2.8 3 5.5 6.1 5 6.8 7.6
by 14 18 21 26 26 32 32 32 40 48
CSG Series 0.52 0.68 0.98 1.5 3.2 5.0 7.0 8.9 14.6 20.9
Mass (kg) CSG-LW Series 0.32 0.46 0.64 1.1 2.2 3.5 5.1 7 11.3 16.2
CSF Series 0.52 0.68 0.98 1.5 3.2 5.0 7.0 8.9 14.6 20.9
CSF-LW Series 0.32 0.46 0.64 1.1 2.2 3.5 5.1 7 11.3 16.2

(note1) the dimension in parenthesis is for reduction ratio 30.
@ ‘The B, D, and t values indicate relative position of individual gearing
components (wave generator, flexspline, circular spline). Please strictly
adhere to these values when designing your housing and mating parts.

@ Wave generator is removed when the product is delivered.
@ CSF & CSG-LW available in sizes 14 to 45.

@ Due to deformation of the Flexspline during operation, it is necessary
to provide a minimum housing clearance, dimensions a, ¢e.

Gear Units

HarmonicDrive® 129
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Gear Unit CSG/CSF

POSItIOﬂIng accuracy See "Engineering data" for a description of terms.

Table 130-1
Unit: X10*rad (arc*min)
Ratio Speciﬁcaﬁons'ze 14 17 20 25 32 40 to 65
Standard 5.8 4.4 4.4 4.4 4.4 —

20 product (2) (1.5) (1.5) (1.5) (1.5) -
Special - - 2.9 2.9 2.9 -
product = = ) ©) ©) =

Standard 44 44 2.9 2.9 2.9 29
YR, product (1.5 (1.5 (1) (1) (1) (1)
Special 2.9 2.9 15 15 15 15
product A A 0.5) (0.5) (0.5) (0.5)
See "Engineering data" for a description of terms.
Table 130-2
ol S8 14 17 20 25 32 40 or more
2 x107*rad 8.7 8.7 8.7 8.7 8.7 —
arc min 3.0 3.0 3.0 3.0 3.0 -
59 x10"rad 5.8 5.8 5.8 5.8 5.8 5.8
arc min 2.0 2.0 2.0 2.0 2.0 2.0
80 or x107*rad 2.9 2.9 29 2.9 2.9 2.9
more arc min 1.0 1.0 1.0 1.0 1.0 1.0
See "Engineering data" for a description of terms.
Table 130-3
- S 14 17 20 25 32 40 45 50 58 65
30 x10™rad 29.1 16.0 13.6 13.6 11.2 - — — — —
arc sec 60 33 28 28 23 - - - - -
- x10™rad 17.5 9.7 8.2 8.2 6.8 6.8 5.8 5.8 4.8 4.8
arc sec 36 20 17 17 14 14 12 12 10 10
50 x10™rad 11.2 6.3 5.3 5.3 4.4 4.4 3.9 3.9 2.9 2.9
arc sec 23 13 11 11 9 9 8 8 6 6
G x10™rad 8.7 4.8 4.4 4.4 3.4 3.4 2.9 2.9 2.4 2.4
arc sec 18 10 9 9 7 7 6 6 5 5}
120 x10"%rad — 3.9 3.9 3.9 2.9 29 2.4 2.4 1.9 1.9
arc sec — 8 8 8 6 6 5 5 4 4
6T x10™rad — - 2.9 2.9 2.4 2.4 1.9 1.9 1.5 1.5
arc sec — — 6 6 5 5 4 4 3 3
See "Engineering data" for a description of terms.
Table 130-4
<k 14 17 20 25 32 40 45 50 58 65
Symbol
T, Nm 2.0 3.9 7.0 14 29 54 76 108 168 235
kgfm 0.20 0.40 0.70 1.4 3.0 5.5 7.8 11 17 24
T Nm 6.9 12 25 48 108 196 275 382 598 843
kgfm 0.7 1.2 2.5 4.9 11 20 28 39 61 86
K, x10°Nm/rad 0.19 0.34 0.57 1.0 2.4 — — — — -
kgfm/arc min 0.056 0.10 0.17 0.30 0.70 b - - - -
K. x10*Nm/rad 0.24 0.44 0.71 1.3 3.0 — - - - -
kgfm/arc min 0.07 0.13 0.21 0.40 0.89 b - — el -
K, x10'Nm/rad 0.34 0.67 1.1 2.1 4.9 — - - - -
Reduction kgfm/arc min 0.10 0.20 0.32 0.62 1.5 - - — — —
ratio a x10rad 10.5 11.5 12.3 14 12.1 - — — — -
e arc min 3.6 4.0 4.1 4.7 4.3 - - — — —
8 x10rad 31 30 38 40 38 - - - = -
arc min 10.7 10.2 12.7 13.4 13.3 — - - - -
K, x10'Nm/rad 0.34 0.81 1.3 25 5.4 10 15 20 31 44
kgfm/arc min 0.1 0.24 0.38 0.74 1.6 3.0 4.3 5.9 9.3 13
K. x10*Nm/rad 0.47 1.1 1.8 3.4 7.8 14 20 28 44 61
kgfm/arc min 0.14 0.32 0.52 1.0 2.3 4.2 6.0 8.2 13 18
Reduction K x10*Nm/rad 0.57 1.3 2.3 4.4 9.8 18 26 34 54 78
'g‘('f kgim/arcmin|  0.17 0.4 0.67 1.3 2.9 5.3 7.6 10 16 23
a x107rad 5.8 4.9 5.2 5.5 5.5 5.2 5.2 5.5 5.2 5.2
arc min 2.0 1.7 1.8 1.9 1.9 1.8 1.8 1.9 1.8 1.8
e x107rad 16 12 15.4 15.7 15.7 15.4 15.1 15.4 15.1 15.1
arc min 5.6 4.2 5.3 5.4 5.4 5.3 5.2 5.3 5.2 5.2

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
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Table 131-1 g
Size =
Symbol 14 17 20 25 32 40 45 50 58 65 8
T Nm 2.0 3.9 7.0 14 29 54 76 108 168 235 £
kgfm 0.20 0.40 0.70 1.4 3.0 5.5 7.8 11 17 24 (2]
N wm| 6.9 12 25 48 108 196 275 382 598 843 T
kgfm 0.7 1.2 2.5 4.9 11 20 28 39 61 86
K x10°Nm/rad 0.47 1 1.6 3.1 6.7 13 18 25 40 54
kgfm/arc min 0.14 0.3 0.47 0.92 2.0 3.8 5.4 7.4 12 16
K. x10°Nm/rad 0.61 1.4 25 5.0 11 20 29 40 61 88
kgfm/arc min 0.18 0.4 0.75 1.5 3.2 6.0 8.5 12 18 26
) x10°Nm/rad 0.71 1.6 2.9 5.7 12 23 33 44 71 98
Reduction| Ks
ratio kgfm/arc min 0.21 0.46 0.85 1.7 3.7 6.8 9.7 13 21 29 I
80 or x107rad 41 3.9 4.4 4.4 4.4 41 41 4.4 41 4.4
more | 8 n
arc min 1.4 1.3 1.5 15 1.5 1.4 1.4 15 1.4 1.5 —
8 x10™*rad 12 9.7 11.3 11.1 11.6 111 1.1 111 1.1 11.3 (%
arc min 4.2 3.3 3.9 3.8 4.0 3.8 3.8 3.8 3.8 3.9 -
=
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value. Q
c
]
- Q
Startlng torque See "Engineering data" for a description of terms. As the values in the table below vary depending on the use conditions, 1S
use them as reference values. Table 131-2 [e]
B CSG Series Unit: Nom o
- Sizell =y 17 20 25 32 40 45 50 58 65
atio
50 4.5 6.7 8.6 17 34 61 85 - - —
80 3.1 4.4 5.4 10 21 39 54 73 108 154
100 2.8 3.7 4.7 8.8 20 34 47 64 97 132
120 = 3.4 4.2 8.0 17 31 43 57 88 121
160 — — 3.6 6.9 15 26 36 50 75 102 I
Table 131-3 n
B CSF Series Unit: Nem =
Size c
Ratio 14 20 25 32 40 ) 50 58 65 )
30 6.4 . 15 25 54 - - — - — ]
50 4.1 6.1 7.8 15 31 55] 77 110 160 220 Q
80 2.8 4 4.9 9.2 19 35 49 66 98 140 o
100 2.5 3.4 4.3 8 18 31 43 58 88 120
120 — 3.1 3.8 7.3 15 28 39 52 80 110
160 — — 3.3 6.3 14 24 33 45 68 93
del’i g tOI’que See "Engineering data" for a description of terms. As the values in the table below vary depending on the
use conditions, use them as reference values. T
able 131-4
M CSG Series Unit: Nm
_ S 14 20 25 32 40 45 50 58 65 I
Ratio
1.8 L 5.2 9.9 20 36 52 — — — »
80 1.8 3.3 5.3 10 21 36 53 69 106 154 E
100 2 3.6 5.6 11 22 40 56 75 121 165 ‘t;)'
120 = 3.9 6.1 12 24 43 61 80 121 176 =]
760 — — 7 14 29 51 70 94 143 198 £5)
<
i Table 131-5 Q
B CSF Series Unit: Nm %
=
Ratio 14 17 20 25 32 40 45 50 58 65 o
30 2.4 3.8 6.2 11 23 - - - - -
50 1.6 3 4.7 9 18 33 47 62 95 130
80 1.6 3 4.8 9.1 19 33 48 63 96 140
100 1.8 3.3 5.1 9.8 20 36 51 68 110 150
120 — 3.5 5.5 11 22 39 55 73 110 160
160 = = 6.4 13 26 46 64 85 130 180
|
»
S
]
-
©
=
-
o
<
o3
[}
©
©
Q
(=
S
©
Q
(&)
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Ratcheting torque See "Engineering data" for a description of terms.

Table 132-1
l CSG Series Unit: Nm
_ Sizel g 17 20 25 32 40 45 50 58 65
Ratio
50 110 190 280 580 1200 2300 3500 — — —
80 140 260 450 880 1800 3600 5000 7000 10000 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 — 150 310 610 1200 2400 3600 4900 7500 10000
160 — — 280 580 1200 2300 3300 4600 7200 10000
) Table 132-2
H CSF Series Unit: Nm
, Size 44 17 20 25 32 40 45 50 58 65
Ratio
30 59 100 170 340 720 — — — - -
50 88 150 220 450 980 1800 2700 3700 5800 7800
80 110 200 350 680 1400 2800 3900 5400 8200 11000
100 84 160 260 500 1000 2100 3100 4100 6400 9400
120 — 120 240 470 980 1900 2800 3800 5800 8300
160 — — 220 450 980 1800 2600 3600 5600 8000
Buckling torque See "Engineering data" for a description of terms.
Table 132-3
l CSG Series Unit: Nm
Size 14 17 20 25 32 40 45 50 58 65
All ratios 260 500 800 1700 3500 6700 8900 12200 19000 26600
Table 132-4
B CSF Series Unit: Nm
Size 14 17 20 25 32 40 45 50 58 65
All ratios 190 330 560 1000 2200 4300 5800 8000 12000 17000

No-load running torque

No load running torque indicates the torque which is needed to Measurement condition Table 132-5
rotate input of the gear, "Wave Generator", with no load on the
output side (low speed side).

N Harmonic Grease SK-1A

. Grease lame -

Lubricant Jubrication Harmonic Grease SK-2
Quantity Recommended quantity

Torque value is measured after 2 hours at 2000rpm input.

* Contact us for oil lubrication.

Table 132-6
B Compensation Value in Each Ratio Compensation value for no-load running torque Unit: Nem
No-load running torque of the gear varies with ratio. i feio 30 50 80 120 160
The graphs indicate a value for ratio 100. 14 25 14 0.2 — —
For other gear ratios, add the compensation values 17 38 16 03 02 —
from table on the right. - - -
9 20 5.4 2.3 05 03 -0.8
25 8.8 3.8 0.7 -0.5 -1.2
32 16 71 1.3 -0.9 -2.2
40 = 12 21 -1.5 -3.5
45 — 16 2.9 -2.1 -4.9
50 = 21 3.7 -2.6 -6.2
58 = 30 5.3 -3.8 -8.9
65 = 41 7.2 =1 =12




M No-load running torque for a reduction ratio of 100:1

Input speed: 500rpm

10000 Graph 133-1
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No-load running torque (Ncm)
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Input speed: 1000rpm
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*The values in this graph are average values (X). 0=20%
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The efficiency varies depending on the following conditions.
M Reduction ratio

B Input rotational speed

B Load torque

B Temperature

W Lubrication (Type and quantity)

H Efficiency compensation coefficient

If the load torque is lower than the rated torque, the efficiency will
be lower. Calculate the compensation coefficient Ke from Graph
134-1 to calculate the efficiency using the following example.

Measurement condition Table 134-1

Installation | Based on recommended tolerance.

Load
torque The rated torque shown in the rating table (see page 126 and 127)

Harmonic Grease SK-1A

Grease Name

\ubrication Harmonic Grease SK-2

Lubricant

Quantity | Recommended quantity

Efficiency compensation coefficient Graph 134-1

Calculation Example

Efficiency n (%) under the following condition is calculated from the
example of CSF-20-80-2A-GR.

Input rotational speed: 1000 rpm

Load torque: 19.6 Nm

Lubrication: Grease lubrication (Harmonic Grease SK-1A)

Lubricant temperature: 20°C

Since the rated torque of size 20 with a reduction ratio of 80 is 34
Nm (Ratings: Page 127), the torque ratio a is 0.58.
(a=19.6/34=0.58)

B The efficiency compensation coefficient is Ke=0.93 from Graph
134-1.
W Efficiency n at load torque 19.6 Nm: n=Ke*nR=0.93 x 78=73%

1.0

0.9

0.8

Ke*ne
Efficiency at the rated torque

SES)
1

0.7
0.6
s/

0.4

Load torque

Torque ratio a = Rated torque

Compensation coefficient Ke

0.3

ot

0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1.0
Torque ratio

* Efficiency compensation coefficient Ke=1 holds when the load torque is greater
than the rated torque.



H Efficiency at rated torque (Size 14)

500rpm

1000rpm
2000rpm
3500rpm

0=3%

Ratio 30
100 Graph 135-1
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H Efficiency at rated torque (Sizes 17 to 65)

Efficiency (%)

Ratio 30
100 Graph 135-4
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Graph 135-7
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Ratio 50
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Ratio 160
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Checking Output Bearing

A precision cross roller bearing is built in the unit type to directly
support the external load (output flange).

Check the maximum moment load, life of the bearing and static
safety coefficient to fully bring out the performance of the unit type.
See Pages 30 to 34 of "Engineering data" for each calculation
formula.

M Checking procedure

(1) Checking the maximum moment load (Mmax)

Calculate maximum moment load (Mmax). M Maximum moment load (Mmax) < allowable moment (Mc)

(2) Checking the life

’ Calculate the radial load (Frav) and the average axial load (Faav). M e ]

Calculate the radial load coefficient (x) and the axial load

»{ Caloulate the fetime

(3) Checking the static safety coefficient

’ Calculate the static equivalent radial load coefficient (Po).»{ Check the static safety coefficient. (fs)

H Output bearing specifications

The specifications of the cross roller are shown in Table 136-1.

Specifications CSG Series/CSF Series

Pitch circle

Table 136-1

dia. of a roller Offset Basic rated load Allowable Moment stiffness
dp Basic dynamic rated load Basic static rated load mom:ﬂn(: o=
(¢} Co x10* Nm/rad kgfm/arc min

m x10°N x10°N kgf Nm kgfm
14 0.035 0.0095 47 480 60.7 620 M 4.2 4.38 1.3
17 0.0425 0.0095 52.9 540 75.5 770 64 6.5 7.75 2.3
20 0.050 0.0095 57.8 590 90.0 920 91 9.3 12.8 3.8
25 0.062 0.0115 96.0 980 151 1540 156 16 24.2 7.2
32 0.080 0.013 150 1530 250 2550 313 32 53.9 16
40 0.096 0.0145 213 2170 365 3720 450 46 91.0 27
45 0.111 0.0155 230 2350 426 4340 686 70 141 42
50 0.119 0.018 348 3550 602 6140 759 77 171 51
58 0.141 0.0205 518 5290 904 9230 1180 120 283 84
65 0.160 0.0225 556 5670 1030 10500 1860 190 404 120

Specifications CSG-LW/CSF-LW Series Table 136-2

Pitch circle

dia. of a roller Offset Basic rated load Allowable Moment stiffness
p Basic dynamic rated load ~ Basic static rated load moment load
p R Mc
C Co x10* Nm/rad  kgfm/arc min
m ] x10°N x10°N kgf Nm kgfm
0.035 0.0093 60.7 620 33.6

17 0.043 0.0091 52.9 540 75.5 770 52.5 5.3 6.4 1.9
20 0.050 0.0098 57.8 590 90 920 74.6 7.6 10.5 3.1
25 0.064 0.0118 96 980 151 1540 127.9 13.1 19.8 5.9
32 0.083 0.0133 150 1530 250 2550 256.7 26.2 44.2 13.1
40 0.096 0.0148 213 2170 365 3720 369 37.7 74.6 221
45 0.111 0.0158 230 2350 426 4340 562.5 57.4 115.6 34.4
50 0.119 0.0180 348 3550 602 6140 622 63.5 140 48.5
58 0.141 0.0205 518 5290 904 9230 838 85.4 201 59.6
65 0.160 0.0185 556 5670 1030 10500 1525 156 331 108

* The basic dynamic rated load is the static radial load needed to result in a basic dynamic rated life of one million rotations.

* The basic static rated load is the static load that produces a contact stress of 4 kN/mm2 in the center of the contact area between the rolling
element receiving the maximum load.

* The moment stiffness value is an average.

* Allowable moment load is the maximum moment load that may be applied to the output shaft. Please adhere to these values for optimum
performance. Moment stiffness is a reference value. The minimum value is approximately 80% of the displayed value.

* Allowable axial or radial load is the value that satisfies the reducer life when either a radial load or an axial load is applied to the main shaft.
(When radial load is Lr+R=0mm, and axial load is La=0mm)




Design Guide

Output Bearing and Housing Tolerances

Gear Unit CSG/CSF

Fig. 137-1
Table 137-1
Unit: mm
Size
S— 14 17 20 25 32 40 45 50 58 65
a 0.010 0.010 0.010 0.015 0.015 0.015 0.018 0.018 0.018 0.018
b 0.010 0.012 0.012 0.013 0.013 0.015 0.015 0.015 0.017 0.017
c 0.024 0.026 0.038 0.045 0.056 0.060 0.068 0.069 0.076 0.085
d 0.010 0.010 0.010 0.010 0.010 0.015 0.015 0.015 0.015 0.015
e 0.038 0.038 0.047 0.049 0.054 0.060 0.065 0.067 0.070 0.075
Installation Accuracy
For peak performance of your gear, maintain the recommended
tolerances shown in Figure 137-1 and Table 137-1.
Recommended tolerances for assembly Fig. 137-2
" Case mating face
3 [&]
[oN] A
£2
(2}
H7 ]
N z
O o [4]
Recommended shaft Wave generator installation surface
tolerance
Table 137-2
Recommended Tolerances for Assembly Unit: mm
s s 14 17 20 25 32 40 45 50 58 65
ymbol
a 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031 0.034
b 0.017 0.020 0.020 0.024 0.024 0.032 0.032 0.032 0.032 0.032
(0.008) (0.010) (0.010) (0.012) (0.012) (0.012) (0.013) (0.015) (0.015) (0.015)
c 0.030 0.034 0.044 0.047 0.050 0.063 0.065 0.066 0.068 0.070
(0.016) (0.018) (0.019) (0.022) (0.022) (0.024) (0.027) (0.030) (0.033) (0.035)

* The value in the parentheses indicates that input (wave generator) is a solid wave generator.
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Installation and transmission torque
Fig. 138-1
Output flange side
Case side
CSG series: Installation of output flange side and transmission torque Table 138-1
Size
T 14 17 20 25 32 40 45 50 58 65
Number of bolts 6 6 8 8 8 8 8 8 8 8
Bolt size M4 M5 M6 M8 M10 M10 M12 M14 M16 M16
Pitch circle mm 23 27 32 42 55 68 82 84 100 110
Clamp torque Nm 5.4 10.8 18.4 45 89 89 154 246 383 383
T
wransmission | Nm 58 109 245 580 1220 1510 2624 3690 5981 6579
capacity (bolt only)|
CSG series: Installation of case side and transmission torque Table 138-2
Size 14 17 20 25 32 40 45 50 58 65
Iltem
Number of bolts 8 8 8 10 12 10 12 14 12 8
Bolt size M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
Pitch circle mm 65 71 82 96 125 144 164 174 206 236
Clamp torque Nm 4.5 4.5 9.0 9.0 15.3 37 37 37 74 128
-
wranémission | Nm 182 196 365 538 1200 2100 2844 3251 5717 6293
capacity (bolt only)|
(Table 138-1, 138-2/Notes)
1. The material of the thread must withstand the clamp torque.
2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.
3. Torque coefficient: K=0.2
4. Clamp coefficient: A=1.4
5. Tightening friction coefficient p=0.15
CSG-LW series (Lightweight): Bolt connection to output flange and resulting transmission torque Table 138-3
i Size 14 17 20 25 32 40 45 50 58 65
em
Number of bolts 6 6 8 8 8 8 8 8 8 8
Bolt size M4 M5 M6 M8 M10 M10 M12 M14 M16 M16
Pitch circle mm 23 27 32 42 55 68 82 84 100 110
Clamp torque Nm 5.4 10.8 18.4 45 89 89 154 246 383 383
Torque
yranbmission | Nm 58 109 245 580 1220 1510 2624 3690 5981 6579
capacity (bolt only)|
CSG-LW series (Lightweight): Bolt connection to case side and resulting transmission torque Table 138-4
i Size 14 17 20 25 32 40 45 ) 58 65
tem
Number of bolts 6 8 8 10 12 10 16 18 16 12
Bolt size M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
Pitch circle mm 65 71 82 96 125 144 164 174 206 236
Clamp torque Nm 3.2 3.2 6.4 6.4 10.8 26.5 26.5 26.5 51.9 90
Torque
transmission Nm 98 143 261 382 842 1488 2712 3237 5350 6649
capacity (bolt only)|

(Table 138-3, 138-4/Notes)

The material of the thread must withstand the clamp torque.

Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.

Torque coefficient: K=0.2

Clamp coefficient: A=1.4

Tightening friction coefficient 1 =0.15

Since the material of the flange on the case side of CSG-LW is AL (aluminum), be sure to set the bolt tightening torque to the value in Table 138-4.
If the tightening toque exceeds the value listed in Table 138-4, the correct transmission torque may not be obtained and looseness may be caused.

-
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CSF series: Bolt connection to output flange and resulting transmission torque Table 139-1
Size
e 14 17 20 25 32 40 45 50 58 65
Number of bolts 6 6 8 8 8 8 8 8 8 8
Bolt size M4 M5 M6 M8 M10 M10 M12 M14 M16 M16
Pitch circle mm 23 27 32 42 55 68 82 84 100 110
Clamp torque Nm 4.5 € 15.3 37 74 74 128 205 319 319
Torque. .
transmission Nm 49 91 204 486 1108 1258 2200 3070 4980 5480
capacity (bolt only)
CSF series: Bolt connection to case side and resulting transmission torque Table 139-2
Size 14 17 20 25 32 40 45 50 58 65
Iltem
Number of bolts 6 6 6 8 12 8 12 12 12 8
Bolt size M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
Pitch circle mm 65 71 82 96 125 144 164 174 206 236
Clamp torque Nm 4.5 4.5 9.0 9.0 156.3 37 37 37 74 128
Torque
transmission Nm 137 147 274 431 1200 1680 2860 3040 5670 6310
capacity (bolt only)
(Table 139-1, 139-2/Notes)
1. The material of the thread must withstand the clamp torque.
2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.
3. Torque coefficient: K=0.2
4. Clamp coefficient: A=1.4
5. Tightening friction coefficient p=0.15
CSF-LW series: Bolt connection to output flange and resulting transmission torque Table 139-3
| Size 14 17 20 25 32 40 45 50 58 65
tem
Number of bolts 6 6 8 8 8 8 8 8 8 8
Bolt size M4 M5 M6 M8 M10 M10 M12 M14 M16 M16
Pitch circle mm 23 27 32 42 55 68 82 84 100 110
Clamp torque Nm 4.5 9.0 15.3 37 74 74 128 205 128 128
Torque
transmission Nm 49 91 204 486 1019 1258 2200 3070 4980 5480
capacity (bolt only)
CSF-LW series: Bolt connection to case side and resulting transmission torque Table 139-4
Size 14 17 20 25 32 40 45 50 58 65
Item
Number of bolts 6 8 8 10 12 10 16 18 16 12
Bolt size M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
Pitch circle mm 65 71 82 96 125 144 164 174 206 236
Clamp torque Nm 3.2 3.2 6.4 6.4 10.8 26.5 26.5 26.5 51.9 90
Torque. .
transmission Nm 9.8 143 261 382 842 1488 2712 3237 5350 6649
capacity (bolt only)

(Table 139-3, 139-4/Notes)

. The material of the thread must withstand the clamp torque.

. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.

. Torque coefficient: K=0.2

Clamp coefficient: A=1.4

. Tightening friction coefficient p=0.15

. Since the material of the flange on the case side of CSF-LW is AL (aluminum), be sure to set the bolt tightening torque to
the value in Table 139-4.
If the tightening toque exceeds the value listed in Table 139-4, the correct transmission torque may not be obtained and
looseness may be caused.

oA WN

H Precautions on installing the load to the output flange (Sizes 14 to 25)

As the distance (see the size symbol “L” in Figure 128-1 on Page 128)
between the oil seal on the output flange periphery and the edge of the
output flange (rotor) is short for the gear units sizes 14, 17, 20 and 25, the
load may interfere with the oil seal. Produce a design so that the load
cannot be applied to the oil seal.
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Gear Unit CSG/CSF

Installation of a motor

Fig. 140-1
l Motor mounting flange
A motor mounting flange is required for installing a motor. The
recommended size and precision of the basic part of the motor
mounting flange is shown in Table 140-1.
< =
-] [ ]
t
Table 140-1
Unit: mm
Size 14 17 20 25 32 40 45 ) 58 65
Symbol
a 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05
b 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05
c 0.015 0.015 0.018 0.018 0.018 0.018 0.021 0.021 0.021 0.021
PA 73 79 93 107 138 160 180 190 226 260
t 3 3 4.5 4.5 4.5 6 6 6 7.5 7.5
oT 38H7 48H7 56H7 67H7 90H7 110H7 124H7 135H7 156H7 177H7
Installation of three parts of basic elements
Installation of the wave generator
Maximum hole diameter size
The standard hole diameter of the wave generator is as shown in Hole diameter of the wave generator Fig.140-1
the dimensional outline drawing and may be changed in the range
up to the maximum dimension shown in the table. The JIS @
standard is recommended for the key groove size. The valid length
of the key shall be the value fully durable for the transmission H
torque.
* The shape can be changed to special forms for taper holes and so on.
Oldham’s coupling mechanism may be eliminated to make a hole
diameter larger than the maximum size. The maximum hole
diameter can be up to the value shown in the table below taking
deformation of the wave generator plug by load torque into
consideration.
(This is the value including the dimension of the key groove depth.)
Table140-1
Hole diameter of the wave generator hub unit mm  Plug maximum diameter and minimum thickness of installing 1, 51402
the wave generator plug directly on the input shaft Unit:
. Model 14 17 (20 25 32 40 45 50 @ 58 J ) L 0 Ly
Size Model
Stand. dimension - 14 17 20 25 32 40 45 50 58 65
6 | 8 |12 1414 |14]19]|19]22]2
(H7) Max. hole V' 17 | 20 | 23 | 28 | 36 | 42 | 47 | 52 | 60 | 67
Prepared hole size 3 4 5 6 6 10 | 10 | 10 | 18 | 16 Min. plug o
Maximum size 8 |10 ] 13 ] 15 ] 15 ] 20 ]2 | 20]25] 30 thickness H 01| 72 | 76 | 113|113 ]137]159117.8] 19 |21.4[235




M Installation procedure

As shown in Figures 141-1 and 141-2, there are two basic procedures
to install a motor. Select the installation procedure by the diameter of
the pilot hole on the motor mounting surface. Table 141-1 shows the
selection standard by the diameter of the pilot hole on the motor
mounting surface.

Table 141-1

Unit: mm

Reference drawing for
installation

The dia. of the pilot hole on <62.5 | <81.5 [<100.0 | <113.5 | <124.5 | <147 <167 | Installation procedure-1 (Fig. 141-1)
the motor mounting surface =625 | =81.5 | =100.0 | =113.5 | =124.5 | =147 | =167 |Installation procedure-2 (Fig. 141-2)
Fig. 141-1  Installation procedure-1

Fig. 141-2

H Precautions on assembly

It is extremely important to assemble the gear accurately, in proper
sequence. Perform assembly based on the following precautions.

Precautions regarding the wave generator

1. Avoid applying undue axial force to the wave generator during
installation. Rotating the wave generator bearing while inserting
it is recommended and will ease the process.

2. If the wave generator does not have an Oldham coupling, extra
care must be given to ensure that concentricity and inclination
are within the specified limits (see "Installation accuracy" of each
series on Page 137).

Other precautions

1. Is the flatness of the mounting surface poor or distorted?
2. Is any embossment of the screw hole area, burr or trapped foreign
matter found?

3. Have chamfering and relief working of the corner been performed to

prevent interference with the area of installation of the unit?

(1) Install the mounting flange on the motor mounting surface.
(2) Install a wave generator on the motor output shaft.
(3) Install the main unit.

Installation procedure-2

(1) Install the mounting flange on the main unit.
(2) Install a wave generator on the motor output shaft.

(@) Install the mounting flange (main unit) on the motor mounting
surface.

Rust-prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment.
The gear external surfaces typically have only a temporary
corrosion inhibitor and some oil applied. If an anti-rust product
is needed, please contact us to review the options.
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142 HarmonicDrive"

Gear Unit CSG/CSF

Grease lubrication is standard for the CSF/CSG gear units.
Harmonic Grease SK-2 is for sizes 14 and 17, and Harmonic
Grease SK-1Ais for sizes 20 to 65 (Harmonic Grease 4B No.2
for the cross roller bearing). Harmonic Grease 4B No.2 is also
available for long-life and for use in a wide temperature range.
(see "Engineering data" for the specifications of the grease).

See table below for recommended housing dimensions. These
dimensions must be maintained to prevent damage to the gear
and to maintain a proper grease cavity.

Recommended housing dimensions

Size 14 17

Symbol
1.5

a* 1 1 1.5

Fig. 142-1

b

32
1.5

40 45

Table 142-1
Unit: mm

65

2.5 25

a* 3 3 4.5 4.5

4.5

7.5 7.5

$b 16 26 30 37

37

45 45

56 62

* Horizontal and vertical: when the wave generator is below
** Vertical: when the wave generator is above

H Other precautions

Fill the gap between the wave generator and the input cover (motor
flange) with grease to use the wave generator facing upward or
downward (see Figure 048-3 on Page 48).

Sealing is needed to maintain the high durability of the gear and
prevent grease leakage

+ Rotating Parts Oil seal (with a spring). Surface
should be smooth (no
scratches)

O-ring and seal adhesive. Take
care regarding distortion on the
plane and how the O-ring is
engaged.

Screws should have a thread
lock (LOCTITE 242 is
recommended) or seal
adhesive.

(Note) If you use Harmonic Grease 4BNo.2, strict sealing is required.

+ Mating flange

» Screw hole area ...cccoeeeeemeeeeeeeeeneees

Sealing area and the recommended sealing method
for the unit type

Area requiring sealing

Table 142-2
Recommended
sealing method

Pass-through hole in the center . . .
of the output flange and the Use O-ring (supplied with product)
Output output flange mating face
side Screw lock agent with sealing effect
Spanner screw area (LOCTITE® 242 is recommended)
Flange mating face Use O-ring (supplied with product)
|n_p“t Please select a motor which has an
side Motor output shaft oil seal on the output shaft.

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The gear
external surfaces typically have only a temporary corrosion inhibitor
and some oil applied. If an anti-rust product is needed, please
contact us to review the options.




Application

Multi-joint Robot Fig. 143-1

Gear Units

*For this installation example, sealing is required to prevent grease leakage.
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Horizontal Multi Arm Robot

Fig. 144-1

* For usage as this installation example, sealing is required to prevent grease leakage.

Direct Connection to a Servomotor

Fig. 144-2

Gear Units

Optional Input Shaft

Fig. 144-3

CSF/CSG-2UJ with optional input shaft

* Contact us for details

HarmonicDrive"
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Gear Unit csa-2ux I

Featurres

Structural drawing

CSG-2UK is a high torque fully sealed, high accuracy
gear reducer ideally suited for machine tool applications.

Features

B Compatible with Fanuc motors
W High torque capacity

W High torsional stiffness

W High positional accuracy

Figure 146-1

Mounting pilot

0

1

(Servo motor)

Lt |

-

7\

_J)

—

Cross roller bearing /

* This is a fully enclosed unit with oil seals at the input and output shafts.

!

Grease filling port
2 locations

Input spline




Gear Unit CSG-2UK

Ordering C o d e

CSG - 25-100- 2UK - AO1 - SP

i ' V ' V V ' Table 147-1

Spline outer diameter Form symbol Special specification
25 50 100 160 2UK=Sealed | A:approx.29mm, 01to 05 Blank=Standard product
unit B: approx. 44mm, SP = Special specification
csa 32 50 100 160 C: approx. 54mm code
40 50 100 160
50 50 100 160

* The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline

Rating table

Table 147-2

. Limit for
Ir?pajfgg(e);zu; 0%t0 Lim'it for Repeated Limit for Average  Limit for Momentary M?r):gztjm A\Ilr?;;i?e h/(l;:mgiztin(g :ESLttla
Size Ratio rom eak Torque Torque Peak Torque Sl%e:d Speed spline)
rpm
el Al el i ol i It?t:ﬁg:ﬁt |St:ﬁ2:ﬁt x10"‘lkgmz x10’5J
50 51 5.2 127 13 72 7.3 242 25
80 82 8.4 178 18 113 12 332 34
25 100 87 8.9 204 21 140 14 369 38 5600 3500 0.65 0.66
120 87 8.9 217 22 140 14 382 39
160 87 8.9 229 23 140 14 382 39
50 99 10 281 29 140 14 497 51
80 153 16 395 40 217 22 738 75
32 100 178 18 433 44 281 29 841 86 4800 3500 1.4 1.4
120 178 18 459 47 281 29 842 86
160 178 18 484 49 281 29 842 86
50 178 18 523 53 255 26 892 91
80 268 27 675 69 369 38 1270 130
40 100 345 35 738 75 484 49 1400 143 4000 3000 3.55 3.6
120 382 39 802 82 586 60 1488 152
160 382 39 841 86 586 60 1488 152
50 229 23 650 66 345 35 1235 126
80 407 4 918 94 507 52 1651 168
45 100 459 47 982 100 650 66 2041 208 3800 3000 8/78 8.9
120 523 53 1070 109 806 82 2288 233
160 523 53 1147 117 819 84 2483 253
80 714 73 1924 196 1001 102 3185 325
100 905 92 2067 211 1378 141 4134 422
58 3000 2200 19.9 20.3
120 969 ) 2236 228 1547 158 4329 441
160 969 99 2392 244 1573 160 4459 455
80 969 99 2743 280 1352 138 4836 493
100 1236 126 2990 305 1976 202 6175 630
65 2800 1900 43.8 44.7
120 1236 126 3263 333 2041 208 6175 630
160 1236 126 3419 349 2041 208 6175 630

(Note) 1. Moment of inertia: | = '/, GD?
2. See “Engineering data” on Page 12 for details of the terms.
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Gear Unit csa-2ux I

Outline Dimensions

Figure 148-1
B
C D _E a-b
F © c- @id
f
~ i ~
. ERrEE & SEE .
Grease filling port  /
(2 locations)
R
Dimensions _ 4
Table 148-1
S o 25 32 40 45 58 65
OA 107 138 160 180 226 260
B 66 75 85 102 120 129
C 36 45 50.5 58 77 84.5
D 22 24 30 32 37 38.5
E 4 4 4.5 7 6 6
F 6.1 6 71 7.6 8.5 9
H 5 5 5 6 10 6
QdLh7 75 100 120 135 170 198
oM 60 60 - 108 - -
ONh7 86 113 127 148 186 212
[6]6) 85 112 126 147 185 210
oP 58 78 90 107 135 155
OQH7 20 26 32 32 46 52
R M4 P=0.7 M5 P=0.8 M5 P=0.8 M6 P=1 M6 P=1 M6 P=1
a 10 12 10 12 12 8
b M5 M6 M8 M8 M10 M12
c 10 12 10 12 12 8
ad 5.5 6.6 9 9 11 14
Qe 96 125 144 164 206 236
f 10 10 12 12 8 12
g M6 M8 M8 M10 M16 M14
Gh 47 62 72 84 104 120
Mass (kg) 2.2 4.5 6.5 9.7 18.5 26.3




Input spline external dimensions

Figure 149-1 Figure 149-2
* Input spline for keyed shaft « Input spline for keyed tapered shaft
Fl B1
B1
LA F1
J A
\JLI’}‘\
Y I O d =
(} E v @ ; ISIRS — — [ -
—+ — O [a) - 1 T <
| | S g
i | i
‘r‘A 1
Cross section A-A 2-H1 ™ _—
-/
a Cross section A-A
Symbol AO1 A02 A03 A04 A05 BO1 B02 B03 col co02 C03 C04 C05
Shaft shape | Straight014 | Straight @10 | Taper @11 | Taper @14 | Taper @16 | Staight@4 | Taper @16 | Straight @19 | Straight @35 | Taper @16 | Straight@19 | Straight @24 | Taper @32
Size 25|32 25]32|25[32]25]32] a2 40 40 40 |45 58 |65 45 | 58 |65| 45 | 58 |65| 45 | 58 [65] 45 | 58 [ 65
QA1 20.75 | 29.75 | 29.75 | 29.75 | 29.75 | 44.667 | 44.667 | 44.667 54.5 54.5 54.5 54.5 54.5
B1 21 21 16 19 29 37 29 37 62 29 37 37 50
C1 2.5 2.5 - - - 5.8 - 5.8 12.5 - 5.8 5.8 -
D1 26 26 9.4 12.1 13.1 39.4 13.1 40 48 13.1 48 48 26
OE1 14 G0 | 1057 [ 119" [ 145" | 165" 24 %% | 16 5| 19 3" 35 o 16 5" 19 9 24 ™ gl o
F1 5 =005 3 w001 4 w015 4 0015 5 s0015 8 008 5 w00 6 w00 10 001 5 0015 6 =001 8 008 7 008
G1 16.35" | 114%" | 1259 | 1585 | 17.6%° | 27.3%° | 17.6%' | 21.8% 383 7 176 7' 218 %' 213 % 338 ¢
H1 M3 M3 - - - M5 - M5 M5 - M5 M5 -
Input flange axial direction range dimensions Figure 1493

X

X : Input flange width range

Unit: mm Table 149-2

Symbol AO1 A02  AO3  AO4  AO5 BO1 BO2  BO3 cot co2 co3 Cco4 cos
Shaft Shape | Straight @14 | Straight @10 | Taper @11 | Taper @14 | Taper @16 |Straight 024 | Taper @16 |Straight @19| Straight @35 | Taper @16 | Straight @19 | Straight @24 | Taper @32
Size |25]32[25]32 25 32 [25[32| 32 | 40 | 40 | 40 |45|58]65]|45]58]65]45]58]65|45] 58 [65] 45 58] 65
xmin [ [ nw[n]u]ln] 2 2 | us | 225 |sslsre[ors 6] 11 [ - [2a]-[-[12] o[- [e38[4a8 388
Xmax |17 14 [211] 18 [161] 13 [235] 16 | 28 | a8 | 258 | s4s [s68[s62]s62] 22 [o14] - [ a1 |- | - |81]204] - |638[6ed] 74
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Gear Unit CSG-2UK

POSItlonlng accuracy See "Engineering data" for a description of terms. Table 150-1

Unit: X10*rad (arc*min)

Specification 40 to 65
Standard 2.9 2.9 2.9
50 or more product (1) (1) (1)
Special 1.5 15 15
product 0.5) 0.5) 05)

HyStereSIS IOSS See "Engineering data" for a description of terms.

Table 150-2
. 22 25 32 40 or more
50 x10™rad 5.8 5.8 5.8
arc min 2.0 2.0 2.0
80 or x10"*rad 2.9 2.9 2.9
more arc min 1.0 1.0 1.0

Max. backlash quantity See "Engineering data" for a description of terms.

Table 150-3
Ratio Size 25 32 40 45 50 58 65
50 x10"rad 8.2 6.8 6.8 5.8 5.8 .8 4.8
arc sec 17 14 14 12 12 10 10
- x10"rad 5.3 4.4 4.4 3.9 3.9 2.9 2.9
arc sec 11 9 9 8 8 6 6
100 x10"rad 4.4 3.4 3.4 29 2.9 2.4 2.4
arc sec 9 7 7 6 6 5 5
- x107rad 3.9 2.9 2.9 2.4 2.4 1.9 1.9
arc sec 8 6 6 5 5 4 4
160 x107rad 2.9 2.4 2.4 1.9 1.9 15 15
arc sec 6 5 5 4 4 3 3
ee "Engineering data" for a description of terms.
Table 150-4
s Size o5 32 40 45 50 58 65
ymbol
T, Nm 14 29 54 76 108 168 235
kgfm 1.4 3.0 5.5 7.8 11 17 24
T, Nm 48 108 196 275 382 598 843
kgfm 4.9 11 20 28 39 61 86
K, x10‘Nm/rad 2.5 5.4 10 15 20 31 44
kgfm/arc min 0.74 1.6 3.0 4.3 5.9 9.3 13
K. x10‘Nm/rad 3.4 7.8 14 20 28 44 61
kgfm/arc min 1.0 2.3 4.2 6.0 8.2 13 18
Reduction| - x10*Nm/rad 4.4 9.8 18 26 34 54 78
o kgim/acmin| 1.3 2.9 53 7.6 10 16 23
9 x10"*rad 5.5 5.5 5.2 5.2 5.5 5.2 5.2
arc min 1.9 1.9 1.8 1.8 1.9 1.8 1.8
e x107"rad 15.7 156.7 15.4 15.1 15.4 151 15.1
arc min 5.4 5.4 5.3 5.2 5.3 5.2 5.2

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.



Table 151-1
Sizel 25 32 40 45 50 58 65
Symbol
T Nm 14 29 54 76 108 168 235
kgfm 1.4 3.0 5.5 7.8 11 17 24
T Nm 48 108 196 275 382 598 843
kgfm 4.9 11 20 28 39 61 86
K x10‘Nm/rad 3.1 6.7 13 18 25 40 54
kgfm/arc min 0.92 2.0 3.8 54 7.4 12 16
K. x10‘Nm/rad 5.0 11 20 29 40 61 88
kgfm/arc min 1.5 3.2 6.0 8.5 12 18 26
Reduction| Ke x10‘Nm/rad 5.7 12 23 33 44 71 98
ratio kgfm/arc min 1.7 3.7 6.8 9.7 13 21 29
80 or a x10"rad 4.4 4.4 41 4.1 4.4 4.1 4.4
more -
arc min 1.5 15 1.4 1.4 15 1.4 15
P x10"rad 1.1 11.6 111 111 11.1 1.1 11.3
arc min 3.8 4.0 3.8 3.8 3.8 3.8 3.9

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.

Gear Unit CSG-2UK

Starting torque See "Engineering data" for a description of terms. As the values in the table below vary depending on

the use conditions, use them as reference values.

Table 151-2
W CSG Series Unit: Nem
o ez 25 32 40 45 ) 58 65
50 17 34 61 85 — - —
80 10 21 39 54 73 108 154
100 8.8 20 34 47 64 97 132
120 8.0 17 31 43 57 88 121
160 6.9 15 26 36 50 75 102
Table 151-3
H CSF Series Unit: Nem
o Size| 95 32 40 45 50 58 65
30 25 54 — — — — —
50 15 31 55 77 110 160 220
80 9.2 19 35 49 66 98 140
100 8 18 31 43 58 88 120
120 7.3 15 28 39 52 80 110
160 6.3 14 24 33 45 68 93

de i g i (o) e See "Engineering data" for a description of terms. As the values in the table below

vary depending on the use conditions, use them as reference values.

Table 151-4
l CSG Series Unit: Nm
, S 25 32 40 45 ) 58 65
Ratio
50 9.9 20 36 52 - - -
80 10 21 36 53 69 106 154
100 11 22 40 56 75 121 165
120 12 24 43 61 80 121 176
160 14 29 51 70 94 143 198
Table 151-5
 CSF Series Unit: Nm
o S 25 32 40 45 50 58 65
30 11 23 - - — — —
50 9 18 33 47 62 95 130
80 9.1 19 33 48 63 96 140
100 9.8 20 36 51 68 110 150
120 11 22 39 55 73 110 160
160 13 26 46 64 85 130 180
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No-load running torque

No-load running torque is the torque which is required to rotate
the input side (high speed side), when there is no load on the
output side (low speed side).

Compensation value for each ratio

The no load running torque for HarmonicDrive® CSG varies
depending on the gear ratio. The following graph shows the
value for ratio 100. Other gear ratios must be calculated by
adding the compensation value indicated in Table 152-2.

Measurement condition Table 152-1
No load running torque compensation value  Table 152-2
Ratio 100 Ratio
Size 50 80 120 160
Name Harmonic Grease®4B No.2
Lubricant | | re8%® 25 3.8 0.7 -0.5 -1.2
lubricant Quantity Recommended quantity ’ ’ . .
32 71 1.3 -0.9 -2.2
The torque value is measured after two or more hours run-in at 2000rpm input.

40 12 2.1 -1.5 -3.5
Temperature range of the operating environment Table 152-3 45 16 2.9 -2.1 -4.9
Grease Harmonic Grease® 4BNo2 -10 °C to +70 °C 58 - 5.3 3.8 -89
65 = 7.2 -5.1 -12

No-load running torque at ratio 100:1

Input speed: 500rpm

Graph 152-1
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Input speed: 2000rpm
Graph 152-3
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Input speed: 1000rpm
Graph 152-2
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Input speed: 3500rpm
Graph 152-4
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Efficiency g
B
The efficiency varies depending on the following conditions: Measurement condition Table 153-1 ac)
+ Load torque » Temperature Load torque | Rated torque indicated in the rated table ch
+ Lubrication (type and quantity) ) Grease Title Harmonic Grease®4B No.2
* Consult us if using oil lubricant. Lubricant lubricant Quantity Recommended quantity
Efficiency compensation coefficient and efficiency
compensation amount Symbols Table 153-2
Efficiency compensation coefficient by load torque and n Efficiency —
efflmency.compensatlon amount by size is calculated by using . Efficiency compensation roon 1551 ]
the following formula e coefficient raph 195- s
-
. nr Efficiency at rated torque |Graphs 153-2 to 153-4 %
Calculation formula
Efficiency compensation ) r=
Efficiency n = Ke x (n;+ne) ne amount Table 153-3 d:.)
]
o
Efficiency compensation coefficient by load torque Efficiency compensation amt?unt by sT.ze . <E>
The value of efficiency drops when load torque is lower than CSG-2UK employs support bearing and oil seal on the input (&)
rated torque. side. The influence from those parts vary depending on the
Calculate the value of efficiency by calculating compensation size. Compensation amount ne at rated torque by size must
coefficient Ke with the reference to the efficiency compensation be calculated from Table 153-3.
calculation formula.
. . - Table for the efficiency compensation
Efficiency compensation coefficient amount by size
- |
0 Graph 153-1 - Table 153-3
. atio
09 | _— Size 50 80 100 120 160 ﬂ
o =
¥ 08 = 25 20 | -11 47 | 68 | 58 S
-— S
= 0.6 (O]
g 5| 0w / 40 0.0 0.0 0.0 0.0 0.0
S 0.4/ Y 45 37 | 147 | 40 | 38 | 25
© 000rp!
3 0.3
& *|3s00rpm 58 - 0.6 0.2 -0.3 1.7
€02
(@] 65 — 1.7 14 -0.1 1.9
0.1
0 | [ [ |
01 02 03 04 05 06 07 08 09 1.0
Torque ratio
*When load torque is larger than rated torque, efficiency compensation coefficient Ke = 1. _
4
[)
-
7]
Efficiency at rated torque %
<
Ratio 50 Ratio 80, 100, 120 Ratio 160 %
Graph 153-2 Graph 153-3 Graph 153-4 ©
100 100 100 £
o
90 90 90
500rpm 500rpm
80 ——1000rpm 80 —————1000rpm 80 - fgg(’)‘::m
— [ —T1 [ —1——12000rpm | —_—+ [+ 2000rpm | — [ —1
0 ////;// 3500rpm -0 // /// 3500rpm 2o ///// §ggg:g:
L = | L |1 //
60 £60 £ 60 ]
> > >
2 50 2 50 2 50 4
W 40 @ 40 W 40 ©
3
©
30 30 30 <
20 0=3% 20 o=3% 20 0=3% [
(7]
10 10 10 R
]
0 0 0 =
-10 10 30 50 70 -10 10 30 50 70 -10 10 30 50 70 8
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C) (0]
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Output bearing specifications

Gear Unit csa-2ux IR

Table 154-1

. . Basic Dynamic Basic Static Allowable Moment .
Pitch Circle Offset Rated Load C Rated Load Co Load Mo Moment Stiffness
x102 N kgf x102 N kgf kgfm x10* Nm/rad kgfm/arc-min
25 0.064 0.0118 96 980 151 1540 128 13.1 19.8 5.9
32 0.083 0.0133 150 1530 250 2550 257 26.2 44.2 13.1
40 0.096 0.0148 213 2170 365 3720 369 37.7 74.6 221
45 0.111 0.0158 230 2350 426 4340 563 57.4 116 34.4
58 0.141 0.0205 518 5290 904 9230 838 85.4 201 59.6
65 0.160 0.0185 556 5670 1030 10500 1525 156 331 108

Installation and transmission torque

Bolt connection to output flange (CRB) and resulting transmission torque

Size

Number of Bolts

Size of Bolts

P.C.D.

Bolt Tightening Torque

Transmission Torque

Table 154-2

Bolt connection to input side flange and resulting transmission torque

Size

Number of Bolts
Size of Bolts
P.C.D.

Bolt Tightening Torque

Transmission Torque

Table 154-3




Output bearing and housing tolerances

Figure 155-1

[~ 1]

Installation accuracy

Be sure to retain the recommended input flange tolerance
indicated in Figure 155-2 and Table 155-2 for best perfor-
mance results.

Figure 155-2
Input flange mating face Input flange
Recommended
— Input flange
j o S— tolerance
H7
_— Misalignment

Example of motor installation

Motor straight shaft

Figure 155-3

R .. Unit CSG-2UK

Unit: mm
Table 155-1

Unit: mm
Table 155-2

Misalignment

Motor straight shaft

Figure 155-4

Input flange

Input flange l

Tightening part

Recommended assembly procedure:

(1) Insert the spline into the keyed motor shaft and tighten set screw.

(2) Install the input flange to the gear unit and tighten the bolts.
(3) Insert motor assembly into the unit ensuring to align the input
spline. Tighten the bolts.

* Input flange and clamp plates are not provided with
the motor, they should be manufactured by the customer.
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Gear Unit csa-2uk RN

The lubricant is Harmonic Grease®4B No.2. Lubricant has been already applied on the unit side of spline.

Figure 156-1
Cross roller Spline
bearing
[ = ==
—I f —— z D Gear
J L 3 E Cross roller bearing
Spline
Reducer
Continuous operation rating Installation condition

Temperature rises inside CSG-2UK due to the of oil seal and bearing that are
used in the input shaft (on the high-speed rotation side). In the case of contin-
uous operation, operate CSG-2UK within the operating time indicated in Table
156-3.

The continuous operating time in Table 156-3 is determined based on the time
when the temperature inside the unit rises to 80 °C and the temperature at the
oil seal area rises to 100°C under the conditions in Table 156-2.

For continuous operation, the Max. Operating Times specified in Table 156-3
should not be exceeded.

Ambient temperature

Inputs speed

Radiation plate

Continuous operating time

Table 156-1

Harmonic Grease®4B No.2

Harmonic Grease®4B No.2

MOLUB-ALLOY 777

Table 156-2

25°C

2000 rpm

None (single unit radiation only)

Table 156-3

Operating time at no load (minutes)

Please contact us if the operating conditions vary from table 156-2.

If this occurs,the following should be considered:

* Lubricant may need to be replaced earlier than usual
* Measures for unit radiation

* Measures for leakage of lubrication agent due to the rise of unit inner

pressure
» Measures for the oil seal area deterioration due to heat

25 — (Note)
32 — (Note)
40 35
45 50
58 50
65 50

Note: For sizes 25 and 32, the unit inner temperature should not exceed 80 °C .

Caution
Avoid radial load on the input side.
Rust-prevention

Although Harmonic Drive® gears come with some corrosion protection, the gear can

rust if exposed to the environment. The gear external surfaces typically have only a
temporary corrosion inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.

156  HarmonicDrive"
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Gear Unit CSF-2UP

Features

The CSF-2UP gear units are the newest models in the CSF
mini-series lineup. These new gear units have an ultra-flat
configuration with high-moment stiffness. Harmonic Drive®
gear units are zero-backlash gears with a precision output
bearing with an integrated housing. The new models are
lightweight and extremely flat. Cross roller bearing used at
the output flange enables the CSF-2UP gearheads to offer
high-moment stiffness. The CSF-2UP mini gearheads are
ideally suited for small robots or equipment requiring an
ultra-compact solution.

Features
B Zero backlash

B High-positioning accuracy
B Compact and lightweight
B High-torque capacity
|
|
|

High-radial, axial, and moment load capacity
Cross roller bearing
Ratios: 30:1 to 100:1

Figure 158-1

Gear Motor mounting flange

Motor

B _____T__I
1
1

|__.|______
1
[

(Prepared by the customer)

—L A

(1) Special specification: Blank
— When ordering the speed —
reducer only

(2) Special specifications: SP
When ordering the combination of speed reducer and
motor mounting flange

* The motor mounting flange is designed and sold as an option. Please let us know the required dimension shown in Figure 168-1 on page 168 if you need the flange designed.
* Installation of the motor mounting flange and motor must be performed by the customer. For proper installation, refer to pages 165 through 168.
* The special specification: SP may include other special specifications.

Ordering Code

CSF - 14 - 100 - 2UP - SP

.

.
.
sess e ecss e

v *..........-... v v v Table158-1

.
.

Series Special specifications

Blank = standard product
CSF series (High-moment SP = Special specification code
stiffness) (Including the motor mounting flange option)




N . Unit CSF-2UP

Rating table

Table159-1

:  putopesd repestodpesk  average  momentary  Maxmum  Limitforaver.  GHR
Size Ratio 2000 rpm torque torque peak torque put sp ge input sp (1/4GD?
Nm Nm Nm rpm rpm kgcm?
8 50 1.8 3.3 23 6.6 8500 3500 4.0x10°
100 2.4 4.8 3.3 9.0
30 2.2 4.5 3.4 8.5
11 50 3.5 8.3 5.5 17 8500 3500 1.5x 102
100 5.0 11 8.9 25
30 4.0 9.0 6.8 17
14 50 5.4 18 6.9 35 8500 3500 4.0 x 10°
100 7.8 28 11 54
Positional accuracy See "Engineering data" for a description of terms.
Table 159-2
Ratio Sl 8 11 14
Specification
- x10%rad 0.58 0.58 0.58
arc min 2.00 2.00 2.00
SO x10%rad 0.58 0.44 0.44
arc min 2.00 1.50 1.50
HyStereSIS |OSS See "Engineering data" for a description of terms.
Table 159-3
Size
Ratio & i
30 x10™rad 8.7 8.7 8.7
arc min 3.0 3.0 3.0
5 x107rad 5.8 5.8 5.8
arc min 2.0 2.0 2.0
100 x107rad 5.8 5.8 2.9
arc min 2.0 2.0 1.0

Starting torque

See "Engineering data" for a description of terms. Please use as reference
values; the values vary based on use conditions.

Unit: Ncm  Table 159-4

Size
Ratio 8 1 14
30 1.5 3.4 4.6
50 0.92 2.0 3.5
100 0.65 15 2.2

Backdriving torque

Size

See "Engineering data" for a description of terms. Please use as

reference values; the values vary based on use conditions.

Unit: Nm Table 159-5

. 8 11 14
30 0.70 1.7 2.4
50 0.55 1.2 1.6
100 0.75 1.5 1.8

Ratcheting torque

See "Engineering data" for a description of terms.

Unit: Nm Table 159-6

Size
Ratio 8 11 14
30 11 29 59
50 12 34 88
100 14 43 84

Buckling torque

See "Engineering data" for a description of terms.

Unit: Nm  Table 159-7

All ratios

35
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Gear unit csr-2up

Cross Roller Bearing Specifications

A precise cross roller bearing is built in the CSF-2UP for the purpose of directly

supporting external load (on the output side).

In order to fully achieve the performance of the unit, check the maximum moment

load, cross roller bearing life, and static safety coefficient.

= Checking procedure

(1) Checking the maximum moment load (M max)

’ Calculate the maximum moment load (M max). M Maximum moment load (M max) < allowable moment (Mc)

(2) Checking the life

’ Calculate the average radial load (Frav) and the average axial load (Faav). M Calculate the radial load coefficient (X) and an axial load coefficient (). M Calculate the life and

check it

(3) Checking the static safety coefficient

Calculate the static equivalent radial Check the static safety
load coefficient (Po). coefficient (fs).

|

» Output bearing specifications

Table 160-1

Pitch circle Basic rated load :
Allowable moment Moment stiffness
Basic dynamic Basic static rated load Mc® Km™
rated load C" load Co™

x10°N x10° N Nm Nm/rad
8 85 12.9 58 80 15 2.0 x 10*
11 42.5 14 65 99 40 4.0 x 10*
14 54 14 74 128 75 8.0 x 10*

*1 The basic dynamic load rating is referred to as a constant static radial load so that the basic dynamic load rating of the bearing is to be a

million rotations.

*2 The basic static load rating is referred to as a static load that provides a constant level contact stress (4kN/mm?) at the center of the contact
side between the rolling element that bears the maximum load and the orbit.
*3 The allowable moment load is referred to as the maximum moment load that can be applied to the output bearing while the basic perfor-

mance can be retained within the range of the maximum moment load that can be operable.

*4 The values of the moment stiffness are the reference values. The minimum value is approximately 80% of the display value.

Grease is the standard lubrication for CSF-2UP
mini series. There is no need to add or apply
grease upon installation since the products are
shipped with the grease applied.

Lubricated area

Lubrication Harmonic Grease® SK-2

Table 160-2

Cross roller bearing

Manufacturer Harmonic Drive Systems Inc.
Base oil Refined oil
Base Viscosity (25°C) 265 to 295

Thickening agent Lithium soap base

Drop point 198°C

Green color

Appearance

160  HarmonicDrive"
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R ;. Uit CSF-2UP

Outline Dimensions

Figure 161-1
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* May be deformed or scratched as they are used during assembly at our factory. The accuracies of positional tolerance and other properties are not guaranteed.

= Dimensions

Unit: mm Table 161-1

= Wave generator mounting diagram

Figure 161-2
B B
_D_, _D_
E E
H* H*
._.//
a-b a-b
“ ” Set screw H ‘ Set screw
~ s
T |
| |
c c
Sizes 8 and 11 Size 14

Symbol g 8 11 14
oA 66 80 100
B 24.8 27 33.5
C 13 13.5 18.5
D 9 11.5 12
E 2.8 2
F 3 3.5 3.5
G 5 5 8
H* 1.15% 1.6 %7 3.5%
[ 7.2 8.3 10.5
J 12.9 14 14
oK 49 59 74
oL 48 58 73
oM 33.5 41 52.5
oN 30 44 52
o0 5 5 8
opP 501 601 75+1
oQ 255 33 44
oR 58 70 88
S 6 6 6
T M3 x 5 M4 x 5 M5 x 7
U 4 4 4
oV 3.5 4.5 5.5
oW 52 63 70.71
X 35° 33.5° 558
\% 4 4 4
z M3 x 5 M3 x 6 M4 x 8
Mass (g) 200 330 620

* Dimension H is the mounting position in the shaft direction and tolerance of the
three parts (wave generator, flexspline, circular spline). Strictly observe these
dimensions as they affect the performance and strength.

Table 161-2
Symbol — 8 11 14
a 2 2 2
b M3x4 M3x4 Mdx4
c 10.2 1.3 14
d 329.8x0.8 054.0x1.2 058.4x1.3
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I .
o Gear Unit CSF-2UP
®
o
(=) . . .
< Wave Generator Hole Diameter Dimension
e
g The hole diameter dimension (as shown in Table 161-1 on page 161, 0) can be changed in accordance
£ with the shaft diameter of the mounting motor within the range shown in the table below:
(=) -
c Table 162-1
L
o0 H7 2to8 3to8 4t010
* The special specification is applied to the entire unit when a hole diameter is changed.
For information on the dimensions, please contact our sales representatives.
* The wave generator of a standard product is a solid wave generator.
] The Oldham type (self-aligning mechanism) is included in the special specification.
(2]
L d
[}
2
] rsional stimness — ' -
q:) See "Engineering data" for a description of terms. Table 162-2
c
o
Q.
£
O Nm 0.29 0.80 2.0
(&} T
kgfm 0.030 0.082 0.20
— Nm 0.75 2.0 6.9
i kgfm 0.077 0.20 0.70
K x10‘Nm/rad 0.034 0.084 0.188
! kgfm/arc min 0.010 0.025 0.056
K x10°Nm/rad 0.044 0.124 0.235
kgfm/arc min 0.013 0.037 0.070
I
Ratio |\ x10‘Nm/rad 0.054 0.158 0.335
2 30 kgfm/arc min 0.016 0.047 0.100
‘e 0 x10rad 8.6 9.5 "
=) ' arc min 3.0 3.3 3.6
E 8 x10™%rad 19 19 31
8 : arc min 6.6 6.6 11
v x10‘Nm/rad 0.044 0.221 0.335
! kgfm/arc min 0.013 0.066 0.100
“ x10‘Nm/rad 0.067 0.300 0.468
Ratio kgfm/arc min 0.020 0.089 0.140
& . | xionma 0.084 0.320 0.568
kgfm/arc min 0.025 0.095 0.170
o x10™rad 6.6 3.6 6.0
arc min 2.3 1.2 2.0
e x107rad 14 76 16
I arc min 4.7 2.6 5.6
K x10°Nm/rad 0.090 0.267 0.468
o " | kgfmvare min 0.027 0.079 0.140
% ot 0.104 0.333 0.601
5 Ratio kgfm/arc min 0.031 0.099 0.179
T 100 | [ xioNmiea 0.120 0.432 0.700
< kgfm/arc min 0.036 0.128 0.209
3 x10°rad 3.2 3.0 43
2 8 arc min 1.1 1.0 1.5
o 6 x10"rad 7.7 6.6 12
arc min 2.6 2.3 4.2
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
|
[
S
o]
-
©
=
-
(&)
<
]
(2}
T
©
o
L
S
©
Q
O
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N ... Unit CSF-2UP

Mechanical Accuracy

By using high-accuracy and high-stiffness cross roller bearings, the CSF-2UP mini series, achieves high accuracy. The mechanical

accuracy on the output side is shown below.

Feature

VIERRE)

N
e

1

-
N
Al a ] | j

O] b [A]

a Output shaft axial runout 0.010
b Concentricity of the mounting pilot 0.040
c Output flange surface runout 0.010
d Parallelism between the mounting face and the output flange face 0.040

(Note) Values are based on the Total Indicator Reading (T.I.R.).

HarmonicDrive”
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©
-
©
o
- =
2 Efficiency
o Measurement condition Table 164-1
c The efficiency varies depending on the following conditions. Load torque Rated torque indicated in the rating table
IS + Reduction ratio + Load torque
UCJ « Input rotating speed + Temperature Lubricant Grease Name Harmonic Grease® SK-2
« Lubrication (Type and quantit ubrican cati i )
(Typ a Y) lubrication Quantity Recommended quantity
m Efficiency compensation coefficient
The value of efficiency drops when load torque is lower than rated torque.
Calculate the compensation coefficient Ke from graph 6-1 and calculate
the value of efficiency with the reference to the efficiency compensation
calculation formula. Efficiency compensation coefficient Graph 164-1
2] Example: Calculate efficiency n (%) for the CSF-8-100-2UP under the
Q following conditions: 1.0
2] Input rotational speed 1000 rpm K] L—|
c Load torque: 2.0 Nm b 09
e Lubrication method: Grease lubricant 208 —keN] —
. N & n =Ke-/lg
8_ Lubricant temperature: 20°C g 07 » / INr=Efficiency at rated torque | |
€ Torque ratio a is 0.83 since the rated torque for size 8 and reduction ratio 2 0.6
o] ; s v
100 is 2.4 Nm. (@ =2.0/2.4 = 0.83 2 /
o ( ) 8 05
The efficiency compensation coefficient is calculated according to graph § 04
6-1: Ke = 0.99 § Torque ratio @ = g2 TS
Efficiency n when load torque is 2.0 Nm is calculated: n = Ke*ng= 0.99 x © 03 e
77% = 76% JE [ [ [ T ]
*When load torque is larger than rated torque, efficiency compensation coefficient Ke = 1. 0.1 02 03 04 05 .0'6 0.7 0.8 09 1.0
Torque ratio a
I » Efficiency at rated torque
] .
= Size: 8
g Ratio 30 Ratio 50 Ratio 100
a 100 Graph 164-2 100 Gra‘ph 164-3 100 Graph 164-4
o 20 90 90
© g% g% ’,_——'-’é—— = g% — I -—-
;70 = :70 — == —= ;70 = = =
§ sof=—Temr 5 50 == g 50 PERa
g oa0p— E a0 L 5 40 L=
30 - 30 30
20 20 20
10 10 10
0 0 0
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C)
I Size: 11
Q Ratio 30 Graph 164-5 Ratio 50 Graph 164-6 Ratio 100 Graph 164-7
o 100 raph 104~ 100 raph 104 100 raph 164-
7] 90 ) 2
3 80 80 = 80
ES) Q —_— —+ — +-— & ——F — T-—
3 & 70 — == 270 —~= = 270 - = =
3 60 i i 3 60 (== I 3 60 == -
m & /’ - S b - - 3 c - - - -
7 g 50 e g 50 C 8 50 |- -
© £ 40 . £ 40 . £ 40 L
K L L L L L -
o 30 30 30 L
20 20 20
10 10 10
0 0 0
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
si 14 Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C)
1ze:
[ ] Ratio 30 Ratio 50 Ratio 100
" 100 Graph 164-8 100 Graph 164-9 100 Graph 164-10|
= 90 90 90
]
= _. 80 ——— _ 80 —— e I — —
S £ 70 e & 70 — = L - £70
© 360 = = Z 60— T & 60 - — 1=
< & 50F L. = & 50 -~ - 8 50 == ez
] £ 40 : £ 40f"_-1 £ 40 -z
w r w . L .
0 30 30 30 =
o 20 20 20
o 10 10 10
< 0 0 0
© -10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
8 Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C)
Input rotational speed ———————— 500rpm @ — — — — — — - 1000rpm 2000rpm —_— == 3500rpm
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R .1 Unit CSF-2UP

|
©
-
©
o
No-load running torque 2
Measurement condition Table 165-1 =
No-load ru.nnlng t.orque. is the torqule which is requm..ed to Ratio 100:1 o
rotate the input side (high speed side), when there is no =
load on the output side (low speed side). Lubricant nggaset Name Harmonic Grease® SK-2 2
uprican
* For details about the values, please contact us. w
Torque value is measured after 2 hours at 2000rpm input.
. . . No-load running torque compensation value Unit: mm  Table 165-2
= Compensation Value in Each Ratio Ratio » 2
. . . . Si
The no-load running torque of the gear varies with ratio. 2€
Graphs 165-1 through 165-4 show the value of reduction 8 0.49 0.22 |
ratio 100. Other reduction ratios must be calculated by » - e 2]
adding the compensation value indicated in Table 165-2 ) ) 3
14 1.25 0.55 "—
=
e
= No load running torque for reduction ratio 100 o
g
Input rotational speed 500rpm Input rotational speed 1000rpm 8
100.0 Graph 165-1 100.0 Graph 165-2
3 3
o (%]
< £ |
() ()
% 10.0 % 10.0 ..“..’
o [e} —
-~ -~ :
2 2 =)
&
é —| Size é — Size 8
o ke 14
S 10 \ It S 10 \
z = z = 1
1
8
8
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C) I
4
Input rotational speed 2000rpm Input rotational speed 3500rpm o
7]
. ~ =
100.0 Graph 165-3 100.0 Graph 165-4 _6.
<
)]
7]
©
R R =
£ £ o
O (8}
£ Z
g 100 g 100
=3 <)
2 k<]
(o2} D
£ £
: Size 5 14520 —
= — =
3 ~—— S \ 1 0
: ” 3
S 10 S 10 S
8 ©
8 2
o
<
o3
[}
©
0.1 0.1 3
-10 0 10 20 30 40 -10 0 10 20 30 40 <
S
Ambient Temperature (°C) Ambient Temperature (°C) g
*Average value is X in this graph. G
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Gear Unit CSF-2UP

Example of Mounting

Example of motor mounting is shown below:
Figure 166-1

O-ring (provided with the product)

Motor mounting flange

Speed reducer

Motor
Output flange
d
]
I
A
I

O-ring or seal agent

Seal washer

= Sealing

The sealing structure as shown is required for mounting the motor for the purpose of grease leakage prevention and of maintaining the

high-durability of the HarmonicDrive® gear.
Table 166-1

Area requiring sealing Recommended sealing method

On the gear side

(On the reducer side) Using O-ring (provided with our product)

Motor mounting flange : :
O-ring, seal agent, seal washer, and others (Take care regarding the

On the motor side distortion on the plane and how the O-ring is engaged)

Please select a motor output shaft with oil seal attached.
Motor output shaft If the oil seal is not provided, employ a design where the oil seal is attached
to the motor mounting flange.

Use the screw lock agent with sealing effect (LOCTITE® 242 is
recommended), or use the sealing tape.

Screw hole area

* There is no need to apply a seal agent on the output flange because it includes a seal.

m Precautions when installing the motor

Be sure that the motor shaft does not protrude from the wave generator more that permitted in Table 166-2 below. (Refer also to Figure 166-1)
Unit: mm Table 166-2
Size

Dimension




Installation accuracy

Gear Unit CSF-2UP

In order to fully achieve the excellent performance of the CSF-2UP, maintain the recommended installation

tolerances shown below:

Figure 167-1
Ll a [A]
Motor mounting flange face
— Recommended housing
tolerance H7
[ |
Recommended tolerance
of the shaft h6
Ol ¢c [A 1l b [A
Wave generator mounting face
Unit: mm Table 167-1
Tolerance Size 8 M 14
a Adapter surface 0.010 0.011 0.011
b Wave generator installation surface 0.006 0.007 0.008
c Concentricity of the input shaft 0.006 0.007 0.016
Installation and transmission torque
Figure 167-2

Z

|
[

.

Bt

/B
g@ |
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Gear Unit CSF-2UP

= Mounting on the flange

When the CSF-2UP mini series is installed on the motor, check the flatness of the mounting face and assure that holes are free from burrs, then fasten the
reducer to the mounting flange using bolts. Table 168-1

Number of bolts

Bolt size
Mounting P.C.D.
Tightening torque* 0.85
Minimum screw length mm 3.6 3.6 4.8
Transmission torque* Nm 18 22 44
* Recommended bolt: JIS B 1176 hexagon socket head bolt, tensile strength rank: JIS B 1051 12.9 or higher

= Installation into the equipment HEIH

When the CSF-2UP mini series is installed into the equipment, check the flatness of the mounting face and assure that holes are free from burrs, then
fasten the reducer to the equipment using bolts. Table 168-2

Number of bolts

Bolt size
Mounting P.C.D.
Tightening torque*
Minimum screw length

Transmission torque*

* When the part of the mounting destination is made of steel
* Recommended bolt: JIS B 1176 hexagon socket head bolt, tensile strength rank: JIS B 1051 12.9 or higher
* Use a washer so that the bolt seating surface does not directly touch the aluminum

= Mounting load into the output

Mount the load to the output side of the CSF-2UP mini series by taking into consideration the cross roller bearing specifications.

Table 168-3

Number of bolts

Bolt size

Mounting P.C.D.
Tightening torque*
Minimum screw length
Transmission torque*®

There is no need to apply a sealing compound to the output flange because it includes a seal.
* Recommended bolt: JIS B 1176 hexagon socket head bolt, tensile strength rank: JIS B 1051 12.9 or higher

Motor mounting flange

Optional motor mounting flange is available from Harmonic Drive. If interested in ordering through Harmonic Drive, please let us know dimensions A
through J (when the keyhole is attached: A through N) described in Figure 168-1 when ordering.

Figure 168-1
b D-cut shaft
oG
E F

i o
*Notes 2 and 3
|-J equally spaced

—_— ﬂ — gcg o - -]yt — — -

*Note 1 o
s -y

Shaft with keyhole
K L

Cross section X-X

* Note 1. H: Mounting hole pitch diameter or pitch angular dimension

* Note 2. I: Total number of mounting holes

* Note 3. J: Tap hole nominal diameter and hole depth or through hole diameter

* Note 4. If using an O-ring between the motor and motor mounting flange, provide the O-ring dimensions.
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GearUnit CSF-mini

Features

Ordering code

Technical data

Technical data
of input shaft
type

170

171
<Rating table «eeeeesesessusinsiinniniians 170
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« Hysteresis 172
« Backlash 172
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« Ratcheting torque «--seeseseseseseseseans 172
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« Lubrication 173
- Shaft output: outline ... 174

dimensions 1U
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« Allowable load on the input shaft - 180
« Installation and transmission .......... 180

torque

Technical data
Motor mounting
type

+ Shaft output:outline . ..
dimensions 1U-CC 182
. Rating table  creeereesresreniiniiiii. 1 82
+Flange output: outline
dimensions 1U-CC-F 183
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Gear Unit CSF mini

Features

CSF-mini series

CSF mini gearheads provide excellent positioning accuracy in a
super-compact package.

Compact 4-point contact bearing on the output side to support
external loads. Available in four sizes and four ratios, the CSF mini
gearheads feature shaft or flange outputs.

Features

B Zero backlash

B Compact and lightweight

M High-torque capacity

B High-torsional stiffness

M Excellent positional accuracy
H Coaxial input and output

Ordering Code

The HarmonicDrive® CSF-mini series consists of a wide variety of
products including four sizes and six models.

CSF-14-100-2XH-F - SP

RIS

V Table 170-1

<
<

Series Size Ratio*1 Model Special specification
1U= Input shaft, shaft output SP= Special specification
5 30 50 - 100 1U-F= Input shaft, flange output code
1U-CC= Square flange type, shaft
8 30 50 = 100 output Blank = Standard product
CSF 1U-CC-F= Square flange type, flange
11 30 50 - 100 |Output
2XH-J= Square flange type, shaft output
2XH-F= Square flange type, flange output
14 30 50 80 100

*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline

Technical Data

Rating table

Table 170-2
Rated Torque at input = Limit for Repeated  Limit for Average  Limit for Momentary ~ Maximum Input Limit for Average M?’“‘;’?t G
speed 2000rpm Peak Torque Torque Peak Torque Speed Input Speed (12%;)
Nm Nm Nm Nm rpm rpm kgem?®
30 0.25 0.5 0.38 0.9 2. 5x10°
5 50 0.4 0.9 0.53 1.8 10000 6500 2.5x10%
100 0.6 1.4 0.94 2.7 i
30 0.9 1.8 1.4 3.3 "
8 50 1.8 3.3 2.3 6.6 8500 3500 gﬁx:‘l g,s
100 2.4 48 33 9.0 X
30 2.2 4.5 34 8.5 »
11 50 35 83 55 17 8500 3500 1 ::1 8_2
100 5.0 11 8.9 25 i
30 4.0 9.0 6.8 17
50 5.4 18 6.9 35 3.4x10*
w 80 7.8 23 11 47 200 2200 3.3x10?
100 7.8 28 11 54

* The upper value of moment of inertia is for 1U, whereas, the lower value of it is for 2 XH.



Gear Unit CSF mini o
©
o
Structure Fig. 171-1 g’
Input shaft version g
This unit can be driven by a belt, coupling or a gear mounted on the input shaft. Available with shaft output or flange [}
output. £
g
Shaft output: 1U Flange output: 1U-F w
Four-point contact ball bearing Circular spline Output flange
Output shaft
(low-speed shaft) Input shaft
(high-speed shaft)
-
P )
Wave generator -
Flexspline (%
et
c
Q
c
]
Q
£
[e]
(&)
Motor mounting type
This gearhead is designed to be mounted to a motor, with the use of an adapter plate.
|
1U shaft output: 1U-CC 1U flange output: 1U-CC-F
2
[=
>
S
©
Q
O
|
[72)
S
(2]
-
[72]
=
©
Square flange version: 2XH-J Flange output: 2XH-F <
)]
. ' [72)
Four-point contact ball bearing Circular spline g
Output shaft (a
low-speed shaft)
i
U
Wave generator
(input part)
Flexspline |
[72)
S
o]
et
©
=]
—
(&)
<
o3
[72]
©
3]
Q
<
S
®
* The rotational direction of the output shaft is opposite to that of the input shaft (wave generator) when the housing is fixed. 8
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Gear Unit CSF mini

Positional accuracy

See "Engineering data" for a description of terms.

Table 172-1
Ratio S 5 8 11 14
Specification
20 x10°rad 1.20 0.58 0.58 0.58
arc min 4.00 2.00 2.00 2.00
- x10°rad 0.87 0.58 0.44 0.44
ermere arc min 3.00 2.00 1.50 1.50
HVStereSIS See "Engineering data" for a description of terms.
Table 172-2
Size
F— 5] 8 11 14
30 x10™*rad 8.7 8.7 8.7 8.7
arc min 3.0 3.0 3.0 3.0
- x107rad 8.7 5.8 5.8 5.8
arc min 3.0 2.0 2.0 2.0
80 or x10™rad 8.7 5.8 5.8 2.9
more arc min 3.0 2.0 2.0 1.0
Max' baCKIaSh See "Engineering data" for a description of terms.
Table 172-3
Size
Ratio 8 11 14
30 x107%rad 28.6 23.8 29.1
arc sec 59 49 60
- x107rad 17 141 17.5
arc sec 35 24 36
80 x107°rad — _ 112
arc sec —_ —_ 23
100 x107rad 8.7 7.3 8.7
arc sec 18 15 18
Starting torque See "Engineering data" for a description of terms. Please use as reference values; the values vary based on use Table 172-4
conditions. Unit: Nem
Size
Ratio 5] 8 11 14
30 0.53 1.3 3.4 6.4
50 0.40 0.80 2.0 4.1
80 — — — 2.8
100 0.30 0.59 1.5 2.5
Backdriving torque See "Engineering data" for a description of terms. Please use as reference values; the values Table 172-5
vary based on use conditions. Unit: Nm
Size
i 5] 8 11 14
30 0.29 0.70 1.7 2.4
50 0.21 0.55 1.2 1.6
80 — — — 1.6
100 0.27 0.75 1.5 1.8
Ratcheting torque See "Engineering data" for a description of terms. Table 172-6
Unit: Nm
Size
Ratio 5 8 11 14
30 2.7 11 29 59
50 3.2 12 34 88
80 - - - 110
100 3.5 14 43 84
Buckling torque See "Engineering data" for a description of terms. Table 172-7
Unit: Nm

Al ratios

9.8

35

90

190




Gear Unit CSF mini

Checking output bearing

A precision 4-point contact ball bearing is built into the CSF-mini
series to directly support the external load.

Check the maximum moment load, life of the 4-point contact ball
bearing and static safety coefficient to fully maximize the
performance of the CSF-mini series.

See page 30 to 34 of "Engineering data" for each calculation
formula.

H Checking procedure

(1) Checking the maximum moment load (Mmax)

Calculate the maximum moment load (Mmax).

»{ Maximum moment load (Mmax) < allowable moment (Mc)

(2) Checking the life

‘ Calculate the radial load (Frav) and the average axial load (Faay).

M Calculate the radial load coefficient (x) and the axial load »{ Calculate the lifetime

coefficient (y).

(3) Checking the static safety coefficient

‘ Calculate the static equivalent radial load coefficient (Po). »{ Check the static safety coefficient. (fs)

H Output bearing specifications

Specifications Table 173-1

Pitch circle Offset Basic rated load Allowable VI N Alewebl
moment iidi : N )
Basic dynamic rated load Basic static rated load load iy leciallcas el o
x10°N x10°N Nm Nm/rad N N
5 13.5 4.85 9.14 7.63 0.89 7.41x102 90 270
8 20.5 7.3 21.6 19.0 3.46 2.76x102 200 630
11 27.5 9 38.9 35.4 6.6 7.41x10° 300 1150
14 35 11.4 61.2 58.5 13.2 1.34x10¢ 550 1800

* Allowable radial load is the value on the center of output shaft side of both shaft type (1U) and that of gearhead shaft output type (2XH-J).
* The value of the moment stiffness is the average value.

Table 173-2
The standard CSF-mini gearheads are sh|ppeld already lubricated Lubricated area Gear .
with grease. The table shows the grease that is used in the gear
reducer and in the output bearing. Lubricant Harmosnli(c_grease Multemp HL-D
Harmonic Drive
Manufacturer Systems Kyodo Yushi
Base oil Refined oil Composite
hydrocarbon oil
Base Viscosity
cSt (25°C) 295 280
Thickening agent Lithium soap Lithium soap
Drop point 198°C 210°C
Appearance Green White
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£ Outline Dimensions
[]
Q
5
Lﬁ You can download the CAD files from our website: harmonicdrive.net
Fig. 174-1
[OR B
(Note) C D
— ot S Oz
@ ey F. |G
[«}]
@ NP
c ©
Q =
c (e
o ™~ 5 © ©
o ; z\s 'CC) o«
5 5%%s °|¢
(&) = =
G
p=z:3
X-Y equally J’—(» a
spaced L
Center of
_ output shaft
[72]
."é' * Refer to the confirmation drawing for detailed dimensions
2 (Note) There is no positional relationship between the flat on the output shaft and the V-W tapped holes.
© The allowance varies depending on the part manufacturing method (cast or machined products).
8 Contact us if the allowance is not described in the dimensions and is required.
Unit: mm
Symbol ez 5 8 11 14
PA 26.5 40 54 68
B 37 65.5 82.5 95.4
(¢} 13 23 29.5 29.5
D 16 29.5 37 49.9
E 8 13 16 16
I F 0.5 05 0.5 15
» G 2.5 2.5 3 3
o H 0.8 26 3.9 8.4
0 [ 9 18 21.5 23
=1 J 7 11 14 14
g K 4.85 7.3 9 11.4
P L 9.85 17.3 22 23.9
7] ®M h7 19.5 29 39 48
E ON 13 20 26.5 335
o $O hé 5 9 12 15
PP 9 16 24 32
$Q h6 3 5 6 8
R 20.4+0.42 30.7+0.46 40.9+0.50 51.1+0.50
S 4.6 8 10.5 14
¢T 9.8 15.5 20.5 25.5
_ U 23 35 46 58
\Y 3 4 6 6
2 w M2x3 M3x4 M3x5 M4x6
9 X 4 4 4 4
© Y M2x3 M3x6 M4x8 M5x10
3 Oz 20+0.42 30+0.46 40+0.50 50+0.50
& a 2.6 45 55 75
o3 Mass (g) 35 130 240 440
[72]
©
3]
O
<
1]
Q
O
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Outline Dimensions

Flange output: outline dimension of 1U-F

You can download the CAD files from our website: harmonicdrive.net

/X-Y equally spaced

* Refer to the confirmation drawing for detailed dimensions

B
C D E
OR F G H Oz
V-W equally spaced J
- [ NP
oU v N
/| Do \ ~ H
s =Yk lz|: \ 2ty N
] = g B Clo < D
ql-l-/ t\ A&( =) L Y ; L =4 1= o
N o / = =
= O i @ ©
-

(Note) There is no positional relationship between the flat on the output shaft and the V-W tapped holes.
The allowance varies depending on the part manufacturing method (cast or machined products).
Contact us if the allowance is not described in the dimensions and is required.

Unit: mm
symbol Pz 5 8 11 14
DA 26.5 40 54 68
B 27 455 56.5 70.4
[¢ 3 3 3.5 45
D 16 295 37 49.9
E 8 13 16 16
F 0.5 0.5 0.5 15
G 25 25 3 3
H 0.8 2.6 3.9 8.4
| 1.7 2.2 25 3.5
J 7 11 14 14
K 4.85 7.3 9 11.4
&M h7 19.5 29 39 48
ON 13 20 26.5 33.5
®O H7 5 9 12 15
P 9 16 24 32
®Q h6 3 5 6 8
OR 20.4+0.42 30.7+0.46 40.9£0.5 51.1+0.5
T 9.8 15.5 20.5 255
U 23 35 46 58
vV 3 4 6 6
w M2x3 M3x4 M3x5 M4x6
X 4 4 4 4
Y M2x3 M3x6 M4x8 M5x10
0z 20.4+0.42 3020.46 4020.5 50£0.5
a 2.6 45 5.5 75
Mass (g) 34 120 220 405
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Gear Units

HarmonicDrive™

Gear Unit CSF-1U

Tor5|onal stlffness See "Engineering data" for a description of terms.

Table 176-1

Nm 0.075 0.29 0.80 2.0
T P 0.0077 0.030 0.082 0.20
Nm 0.22 0.75 2.0 6.9
& kgim 0.022 0.077 0.20 0.70
x10‘Nm/rad 0.009 0.010 0.031 0.034 0.077 0.084 0.172 0.188
Ki kgfm/arc min 0.003 0.003 0.009 0.010 0.023 0.025 0.051 0.056
x10‘Nm/rad 0.011 0.013 0.039 0.044 0.109 0.124 0.210 0.235
K: kgfm/arc min 0.003 0.004 0.012 0.013 0.032 0.037 0.063 0.070
Ratio x0'Nmrad|  0.012 0.016 0.046 0.054 0.134 0.158 0.286 0.335
30 K kgfm/arc min 0.004 0.005 0.014 0.016 0.040 0.047 0.085 0.100
x10™rad 8.7 7.5 9.5 8.6 10 9.5 12 11
e are min 3.0 2.6 3.2 3.0 3.6 3.3 4.0 3.6
x10™rad 22 19 21 19 21 19 35 31
8: aro min 75 6.4 73 6.6 7.4 6.6 12 11
x10‘Nm/rad 0.011 0.013 0.039 0.044 0.177 0.221 0.286 0.335
K kgfm/arc min 0.003 0.004 0.012 0.013 0.053 0.066 0.085 0.100
x10‘Nm/rad 0.014 0.018 0.056 0.067 0.225 0.300 0.378 0.468
Ratio i kgfm/arc min 0.004 0.005 0.017 0.020 0.067 0.089 0.113 0.140
50 x10‘Nm/rad 0.017 0.025 0.067 0.084 0.236 0.320 0.440 0.568
s kgfm/arc min 0.005 0.007 0.020 0.025 0.070 0.095 0.131 0.170
x10™rad 6.9 5.6 7.5 6.6 4.5 3.6 7.0 6.0
i arc min 2.4 2.0 2.6 2.3 1.6 1.2 2.4 2.0
x10™rad 18 14 16 14 9.9 7.6 20 16
: arc min 6.0 4.8 5.4 4.7 3.4 2.6 6.8 5.6
x10‘Nm/rad 0.015 0.020 0.072 0.090 0.206 0.267 0.378 0.468
K kgfm/arc min 0.004 0.006 0.021 0.027 0.061 0.079 0.113 0.140
x10‘Nm/rad 0.018 0.027 0.080 0.104 0.243 0.333 0.460 0.601
Ratio K kgfm/arc min 0.005 0.008 0.024 0.031 0.072 0.099 0.137 0.179
80 or more| K. x10‘Nm/rad 0.020 0.030 0.089 0.120 0.291 0.432 0.516 0.700
kgfm/arc min 0.006 0.009 0.027 0.036 0.086 0.128 0.154 0.209
x10™rad 5.0 3.7 4.1 3.2 3.9 3.0 5.3 4.3
8 aro min 17 13 1.4 11 13 1.0 18 15
x10™rad 13 9.2 9.8 7.7 8.8 6.6 16 12
8 aro min 4.4 3.1 3.4 26 3.0 2.3 5.4 42
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
The output shaft of the input shaft version Fig. 176-1
The CSF-mini series gearheads have 4-point contact bearings on
the output side to support external loads. The mechanical precision Oleo]A] (Olb]A|
of the output shaft and output flange is shown below. i a] 7l a]
[ | A N
== b
— A
4
ld]
Table 176-2
*T.LR. Unit: mm
Symbol
Precision item
s o ane edge of the 0.030 - 0.030 - 0.030 - 0.030 -
1U-F Runout on the inner diameter _ 0.005 _ 0.005 _ 0.005 _ 0.005
of the output flange
b | Concentricity 0.040 0.040 0.055 0.055
c Perpendicularity 0.020 0.020 0.025 0.025
d | Runout 0.005 0.005 0.005 0.005
e Parallelism 0.015 0.020 0.030 0.030

* T.I.R.: This indicates the total reading of the dial gauge when the measuring part is rotated once.



Gear Unit CSF-1U

The efficiency varies depending on the following conditions.
B Reduction ratio

B Input rotational speed

M Load torque

B Temperature

B Lubrication (type and quantity)

H Efficiency compensation coefficient

When the load torque is lower than the rated torque, the efficiency
value decreases. Calculate compensation coefficient Ke from
Graph 177-1.

Efficiency n (%) under the following condition is obtained from the
example of CSF-8-100-1U.

Input rotational speed: 1000 rpm

Load torque: 2.0 Nm

Lubrication method: Grease lubrication

Lubricant temperature: 20°C

Since the rated torque of size 8 with a reduction ratio of 100 is 2.4
Nm (Ratings: Page 170), the torque ratio a is 0.83.
(a=2.0/2.4=0.83)

H The efficiency compensation coefficient is Ke=0.99 from Graph
177-1.
W Efficiency n at load torque 2.0 Nm: n=Ke*nr=0.99 x 77%=76%

* When the load torque is higher than the rated torque, efficiency compensation
value Ke is 1.

Measurement condition Table 177-1
Load torque | Rated torque in rating table (see Page 170)
Name Harmonic Grease SK-2
Lubricant Grease
ubrican lubrication
Quality Recommended quantity
Efficiency compensation coefficient Graph 177-1
1.0 —
//
o 09
X
= 0.8 n =Ke- Ny
o 07 ns= Efficiency at the rated torque
o )
=
g 06 /
o
_5 0.5
T
g 04 - tio o — Load torque.
2 03 orque ratio a = Rated torque
S ]
s N T T S
0 01 02 03 04 05 06 0.7 0.8 09 1.0
Torque ratio

HarmonicDrive”
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Gear Units

HarmonicDrive™

M Efficiency at rated torque

Size 5

Ratio 30

h 178-1
100 Grap 8

©
o

2]
o

o

o

o

Efficiency (%)

NW Ao N
o

-10 0 10 20 30 40
Ambient Temperature (°C)

Ratio 50

G h 178-2
100 rap

920
80
70
60
50
40
30
20
10

Efficiency (%)

Ambient Temperature (°C)

Size 8
Ratio 30 Ratio 50
100 Graph 178-4 100 Graph 178-5
90 90
80 80
L 70 70
g 60 g 60
o 50 5 50—~
S 40 g 40 o
&30 [
20 20
10 10
0

0
-10 0 10 20 30 40
Ambient Temperature (°C)

Size 11

Ratio 30
Graph 178-7

100
90
80
70
60
50
40
30
20
10

0
-10 0 10 20 30 40

Efficiency (%)

Ambient Temperature (°C)

Size 14
Ratio 30

Graph 178-10
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40k
30
20
10

Efficiency (%)

0
-10 0 10 20 30 40
Ambient Temperature (°C)

Input rotational
speed

Efficiency (%)

Efficiency (%)
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Ratio 50
Graph 178-8
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Ratio 50

Graph 178-11
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Graph 178-3
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Graph 178-6
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Graph 178-9

Efficiency (%)
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Ratio 80 and 100
Graph 178-12
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Gear Unit CSF-1U

No-load running torque

No-load running torque is the torque which is required to rotate the

input side (high speed side), when there is no load on the output
side (low speed side).

Hl Compensation Value in Each Ratio

Measurement Condition Table 179-1

Lubrication type Grease lubrication Name Harmonic Grease SK-2

Torque value is measured after 2 hours at 2000rpm input.

) ’ . . Table 179-2
No-load running torque of the gear varies W|.th ratio. Graphs 179-1 No-Load Torque Running Torque Compensation Value (jnit: Nem
to 179-4 show the values for a reduction ratio of 100. For other FE
gear ratios, add the compensation values in the right-hand table Size 30 Y 80
(Table 1 79-2). 5 0.26 0.11 —
8 0.44 0.19 —
11 0.81 0.36 —
14 1.33 0.58 0.1
H No-load running torque for a reduction ratio of 100
Input speed: 500rpm Input speed: 1000rpm
100.0 Graph 179-1 100.0 Graph 179-2
€ €
o o
Z 100 < 100
[} (o}
3 3
g g
) L2
o 2 o 4
£ » £ »
g — g . 14
2 — 14 2 1
kel | kel T
8 ‘o \\ 11 g 10 — | s
I 8 I
z z
5
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
Input speed: 2000rpm Input speed: 3500rpm
100.0 Graph 179-3 100.0 Graph 179-4
€ E
o o
< <
o 10.0 o 10.0
3 =]
g g
2 ]
[0} [0}
= N 2 14 N
£ 1 O - @
s —T 3 "
E — | s 8 8
K] K]
5 1.0 5 1.0
z P4
— 15 5
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)

“The values in this graph are average values (X).
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Gear Unit CSF-1U

Performance data for the input bearing

H Performance data for the input bearing

The input shaft type is supported by two deep groove single row ball
bearings. Please check the loading on the input shaft to make sure that it
is acceptable. Figure 180-1, Table 244-1, Graph 180-1 show the points of
application of forces, which determine the maximum allowable radial and
axial loads as indicated.

The values in Graph 180-1 are valid for an average input speed of 2000
rpm and a mean bearing life of L10=7000h.

Example: When an 8-N axial load (Fa) is applied to the size 14 input shaft,
the value of the maximum allowable radial load (Fr) is 20 N.

Specification for Input Bearing

Bearing A

Bearing

B

Distance

Overhang

Table 180-1

between length of the T
Basic dynamic  Basic static Basic dynamic  Basic static o —— 1 gt shaft b radial load
rated load rated load Model rated load rated load 9 P
Cr(N) Cor (N) cr(N) Cor(N) a(mm) b (mm) Fr(N)
5 SSLF-630DD 196 59 L-520W02 176 54 10.8 9.25 8
8 MR126 715 292 MR83 560 170 16.65 10
11 689 1330 665 624 1300 485 20.6 21.9 20
14 6900Z2Z 2700 1270 605ZZ 1330 505 28.25 24.25 30
Supporting point of the roller bearing Fig. 180-1  Relation between the radial load and the axial load  Graph 180-1
Bearing B Bearing A 40
Fr
L 4 g ¥
I
~— = = —
[ o |~ Fa+ T 2 I
o
= T | |Size: 14
el —|
& 10 -~ !
—F—— | Size:8 | Size: 11
Sjze: 5
Fa: Axial load (N) a ‘ b 0 ‘ f‘ 6 10 ‘
Fr: Radial load (N) T - Axial load Fa (N)
Installation and transmission torque
H Installation on the equipment
Check the mating surface for flatness and any burrs prior to
mounting the CSF-mini product. Use the proper screws and
tightening torque as specified in Table 180-2.
Tightening torque of the bolt* of the mounting flange (A in Figure 181-1) Table 180-2
| Size 5 8 11 14
tem
Number of bolts 4 4 4 4
Bolt size M2 M3 M4 M5
Pitch
circle mm 23 35 46 58
Gl Nm 025 0.85 20 3.96
torque
Screw mm 2.4 3.6 4.8 6.0
Transmission
torque Nm 3.5 12 29 57

* Recommended bolt: JIS B 1176 hexagonal bolt,strength: JIS B 1051 12.9 or higher.



Mounting flange

Fig. 181-1

M Installation of the load on the output part

Install the load on the output part taking the specifications of the

output bearing (see Page 173) into consideration.

Gear Unit CSF-1U

Tightening torque of the bolt* of the mounting flange (B in Figure 181-2) Table 181-1
Size

ltem 5 8 11 14
Number of bolts 3 4 6 6
(el sk M2 M3 M3 M4
Pitch
circle mm 9.8 15.5 205 25.5
Clamp Nm 0.54 2.0 2.0 46
torque : : . .
Transmission Nm 2 13 2 55
torque

As measures have been taken against oil leakage of the output flange, no sealing agent needs to be applied.

* Recommended bolt: JIS B 1176 hexagonal bolt, strength: JIS B 1051 12.9 or higher.

Mounting flange (1U-F)

Fig. 181-2

Do not allow the output shaft to receive a shock when you install a
pulley and pinion. It can deteriorate the precision of the reducer and

cause failure.
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Outline Dimensions

Shaft output: outline dimensions 1U-CC

You can download the CAD files from our website: harmonicdrive.net

Fig. 182-1

Center of
output shaft

B Wave generator installation
(& D E= dimension for size 5
e-f equally
a-b equally F G H spaced - o
spaced 1 J K-L - N J<
NP //Wi(h locking screw = NP —
77777 . / v - /—E
C 2N oY
ow T N : ot T
““““ - 2| ot @ T2 . AT ==
! k-] | - — - -
i o |&|s = 2 ol e i ]
by o ;e ole|e Y ]
3
P ] /
‘( Zis t o Wave generator
/ 2 N Reverse for motor with long output shaft
/ B m_| 047
! spaced o ™M -

* Please refer to the confirmation drawing for detailed dimensions. The dimension tolerances that are not specified vary depending on the manufacturing method.
Please check the confirmation drawing or contact us for dimension tolerances not shown on the drawing.” See Fig. 040-3 on Page 040 for the shapes of the wave generator.

Table 182-1
Unit : mm

Symbal Size 5 8 11 14
PA 26.5 40 54 68
B* 30.5 51 64.3 70
C 13 23 29.5 295
D 12.7 215 26.5 33
E* 483, 6.5%5 8.337 7.53%
F 0.5 0.5 0.5 1.5
G 2.5 2.5 3 3
H 1.3 1.5 2 2.5
| 9 18 21.5 23
J 2 2 3 2.5
K 2 2 2 2
L M2x3 M2x3 M3x4 M3x4
M 6 12 16 17.6
N 4.85 7.3 9 11.4
(6] 9.85 17.3 22 23.9
P h7 19.5 29 39 48
$Q 13 20 26.5 33.5
R h6 5 9 12 15
$S hé 17 26 35 43
T H7 3 3 5 6
Ju 20.4+0.42 30.7+0.46 40.9+0.5 51.1£0.5
PV 9.8 15.5 20.5 255
W 23 35 46 58
X 4.6 8 10.5 14
PdY 225 34 46 58
a 3 4 6 6
b M2x3 M3x4 M3x5 M4x6
c 4 4 4 4
d M2x3 M3x6 M4x8 M5x10
e 4 4 4 4
f M2x3 M2.5x5 M3x6 M4x8
g* 27 48.7 62.1 70.4
h* — 4.2 85 6.1%7 7.9%
Mass (g) 27 111 176 335

® “The B, E, g and h dimensions indicated by an asterisk are the
mounting positions in the shaft direction and allowance of the
three parts (wave generator, flexspline, circular spline). Strictly
observe these dimensions as they affect the performance and
strength.

@ Wave generator is removed when the product is delivered.



Flange output: outline dimensions 1U-CC-F

You can download the CAD files from our website: harmonicdrive.net

Fig. 183-1

c

[m]
a-b equally
spaced
=S
ow )
2/ A
ML
¢V,//\/ /EK
\ ~

22 |
c-d equally spaced

* Please refer to the confirmation drawing for detailed dimensions. The dimension tolerances that are not specified vary depending on the manufacturing method.
Please check the confirmation drawing or contact us for dimension tolerances not shown on the drawing.” See Fig. 040-3 on Page 040 for the shapes of the wave generator.

$Q
Max. dia. of motor

PP h7

K-L

With locking screw

E»

N

Wave generator installation
dimension for size 5

g%

J

L

Wave generator

Reverse for motor with long output shaft

7
|
|

11

M_| 0.475°

Table 183-1
Unit : mm

Symbol 5 8 11 14

PA 26.5 40 54 68

B 20.5 31 38.3 45

(¢} 3 3 3.5 45

D 12.7 215 26.5 33

E* 4.83% 6.52%s 8.38 7.5%

F 0.5 0.5 0.5 1.5

G 25 25 3 3

H 1.3 1.5 2 25

| 1.7 2.2 25 3.5

J 2 2 3 25

K 2 2 2 2

L M2x3 M2x3 M3x4 M3x4

M 6 12 16 17.6

N 4.85 7.3 9 11.4

®P h7 19.5 29 39 48

$Q 13 20 26.5 33.5

$R H7 5 9 12 15

$S hé 17 26 35 43

¢T H7 3 3 5 6

[W[S) 20.4+0.42 30.7+0.46 40.9+0.5 51.1+0.5

()Y 9.8 15.5 20.5 25.5

[ 23 35 46 58

Y 22,5 34 46 58

a 3 4 6 6

b M2x3 M3x4 M3x5 M4x6

G 4 4 4 4

d M2x3 M3x6 M4x8 M5x10

e 4 4 4 4

f M2x3 M2.5x5 M3x6 M4x8

g* 17 28.7 36.1 45.4

h* — 4.23% 6.187 7.9%

Mass (g) 25 100 150 295

@ “The B, E, g and h dimensions indicated by an asterisk are the

mounting positions in the shaft direction and allowance of the
three parts (wave generator, flexspline, circular spline). Strictly
observe these dimensions as they affect the performance and

strength.

@ Wave generator is removed when the product is delivered.
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Flange output: outline dimensions 2XH-F

You can download the CAD files from our website: harmonicdrive.net

Fig. 184-1

tu

X-Y gqually
spaced

/
a-bequally /

spaced T

C D*

H. G g (O-ring)

®Q
=

@Ph7
@RH7

<

Max. dia. of motor

ek
L

Wave generator

Reverse for motor with long output shaft

Wave generator installation
dimension for size 5

N | 04

* Please refer to the confirmation drawing for detailed dimensions. The dimension tolerances that are not specified vary depending on the manufacturing method.
Please check the confirmation drawing or contact us for dimension tolerances not shown on the drawing.* See Fig. 040-3 on Page 040 for the shapes of the wave generator.

Table 184-1
Unit : mm

S— Size 5 8 11 14

PA 29 43.5 58 73

B* 20.5 31 38.3 45

C 15.7 245 30 375

D* 4.8 3%, 6.5 35 8.3 $» 7.5 3

E 12.7 19 23.5 28

F 3 515) 6.5 9.5

G 1.3 15 2 2.5

H 2 3 3 5}

| 0.5 0.5 0.5 1.5

J 2 2 3 2.5

K 2 2 2 2

L M2X3 M2X3 M3X4 M3 X4

M 1.7 2.2 2.5 3.5

N 6 12 16 17.6

(0] 4.85 7.3 9 11.4

P h7 20.5 &l 40.5 51

$Q 13 20 26.5 33.5

SR H7 5 9 12 15

¢S hé 17 26 35 43

T HY 3 3 5 6

Cu 2210.42 321+0.46 43+0.50 531+0.50

PV 9.8 15.5 20.5 25.5

oW 25 375 50 62

X & 4 6 6

Y M2X3 M3X4 M3 X5 M4 X6

a 2 2 2 2

b M2 M3 M4 M5

(o} 2 2 2 2

¢d 2.3 3.4 4.5 5.5

e" 17 28.7 36.1 45.4

* — 4.2 85 6.1 3, 7.9 8

g (accessory) 18.90X0.70 28.20%1.00 38.00%1.50 48.00%1.00

Mass (g) 25 100 150 295

@ “The B, D, e and f dimensions indicated by an asterisk are the

mounting positions in the shaft direction and allowance of the
three parts (wave generator, flexspline, circular spline). Strictly
observe these dimensions as they affect the performance and

strength.

@ Wave generator is removed when the product is delivered.



Shaft output: outline dimensions 2XH-J

You can download the CAD files from our website: harmonicdrive.net

Fig. 185-1

(note)
(note)
a-b equally
spaced

B*

C

OF
I

Max. dia. of motor
@Thé

c-dequally ,/ <o
spaced ~ /

e-f equally spaced

| &

I

P

Q
Center of
output shaft

NT\_

E*

J H /i (O-ring)
4

oUh6
oA

[0) Reverse for motor with long output shaft

Wave generator

Wave generator installation
dimension for size 5

g*

K_

0 |04

(Note) There is no positional relationship between the flat on the
output shaft and the a-b tapped holes.

* Please refer to the confirmation drawing for detailed dimensions. The dimension tolerances that are not specified vary depending on the manufacturing method.
Please check the confirmation drawing or contact us for dimension tolerances not shown on the drawing.* See Fig. 040-3 on Page 040 for the shapes of the wave generator.

Unit : mm
Symbol iz 5 8 11 14
PA 29 43.5 58 73
B* 30.5 51 64.3 70
C 10 20 26 25
D 15.7 24.5 30 37.5
E* 4.8 8, 6.5 35 8.3 % 7.5 8
F 12.7 19 23.5 28
G 3 5.5 6.5 9.5
H 1.3 1.5 2 25
| 0.5 0.5 0.5 1.5
J 2 3 3 5
K 2 2 3 25
L 2 2 2 2
M M2X3 M2X3 M3X4 M3X4
N 9 18 21.5 23
[¢) 6 12 16 17.6
P 4.85 7.3 9 1.4
Q 9.85 17.3 22 23.9
$R h7 20.5 31 40.5 51
$S 13 20 26.5 33.5
$T h6 5 9 12 15
$U h6 17 26 35 43
¢V H7 3 3 o) 6
Ow 22+0.42 32+0.46 43%£0.50 53£0.50
$X 9.8 15.5 20.5 25.5
PY 25 37.5 50 62
z 4.6 8 10.5 14
a 3 4 6 6
b M2X3 M3 X4 M3 X5 M4X6
c 2 2 2 2
d M2 M3 M4 M5
e 2 2 2 2
[ 2.3 3.4 4.5 5.5
g* 27 48.7 62.1 70.4
h* — 428, 6.19%; 7.9 85
i (accessory) 18.90X0.70 28.20X1.00 38.00X1.50 48.00X1.00
Mass (g) 27 111 176 335

@ “The B, E, g and h dimensions indicated by an asterisk are the

@ Wave generator is removed when the product is delivered.

mounting positions in the shaft direction and allowance of the
three parts (wave generator, flexspline, circular spline). Strictly
observe these dimensions as they affect the performance and

strength.
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CSF-2XH/CSF-1U-CC

Hole diameter of the wave generator

The standard hole dimension of the Wave Generator for each size is shown. The
dimension can be changed within a range up to the maximum hole dimension
shown in the following table to match the shaft diameter of the mounting motor.
Table 186-1
Unit: mm

2XH-F: T H7
H-LQVHT |y 2to4 3to7 4t08
1U-CC-F:pT H7 @108) Bt08) (410 10)
1U-CC: T H7

Note 1: The standard Wave Generator has an Oldham coupling to compensate for any
misalignment. The parenthesized value indicates the value for an input without an
Oldham coupling (known as a solid wave generator). The size 5 is standard with a
solid wave generator.

Note 2:
Note 3:
Note 4:

Torsional stiffness See "Engineering data” for a description of terms.

The size of the set screw may be changed due to the hole diameter.
A keyway may be incorporated, depending on the hole diameter.

Special specifications apply to all changes of the hole diameter size.
Contact our office for details of the sizes.

Table 186-2
2 8 11 14
2XH-J/1U-CC  2XH-F/1U-CC-F 2XH-J/1U-CC 2XH-F/1U-CC-F 2XH-J/1U-CC 2XH-F/1U-CC-F 2XH-J/1U-CC 2XH-F/1U-CC-F
- Nm 0.075 0.29 0.80 2.0
kgfm 0.0077 0.030 0.082 0.20
— Nm 0.22 0.75 2.0 6.9
kgfm 0.022 0.077 0.20 0.70
K, |_ =10t 0.009 0.010 0.031 0.034 0.077 0.084 0.172 0.188
kgfm/arc min 0.003 0.003 0.009 0.010 0.023 0.025 0.051 0.056
K, | ot 0.011 0.013 0.039 0.044 0.109 0.124 0.210 0.235
_ kgfm/arc min 0.003 0.004 0.012 0.013 0.032 0.037 0.063 0.070
R§g° K x10Nm/rad 0.012 0.016 0.046 0.054 0.134 0.158 0.286 0.335
* [ kgtmare min 0.004 0.005 0.014 0.016 0.040 0.047 0.085 0.100
R 07 rad 8.7 75 9.5 8.6 10 9.5 12 11
arc min 3.0 2.6 3.2 3.0 3.6 3.3 4.0 3.6
o A07rad 22 19 21 19 21 19 35 31
arc min 75 6.4 7.3 6.6 7.4 6.6 12 11
K, | xiotimrad 0.011 0.013 0.039 0.044 0.177 0.221 0.286 0.335
kgfm/arc min 0.003 0.004 0.012 0.013 0.053 0.066 0.085 0.100
K, | xi0otimvrad 0.014 0.018 0.056 0.067 0.225 0.300 0.378 0.468
. kgfm/arc min 0.004 0.005 0.017 0.020 0.067 0.089 0.113 0.140
“§g° K, | x10'Nmirad 0.017 0.025 0.067 0.084 0.236 0.320 0.440 0.568
kgfm/arc min 0.005 0.007 0.020 0.025 0.070 0.095 0.131 0.170
- *A0™rad 6.9 5.6 75 6.6 45 3.6 7.0 6.0
arc min 24 2.0 2.6 2.3 1.6 1.2 2.4 2.0
. *107*rad 18 14 16 14 9.9 7.6 20 16
arc min 6.0 48 5.4 47 3.4 2.6 6.8 5.6
K, |__ =it 0.015 0.020 0.072 0.090 0.206 0.267 0.378 0.468
kgfm/arc min 0.004 0.006 0.021 0.027 0.061 0.079 0.113 0.140
K, | ot 0.018 0.027 0.080 0.104 0.243 0.333 0.460 0.601
) kgfm/arc min 0.005 0.008 0.024 0.031 0.072 0.099 0.137 0.179
R§g° K, |__xiotimrad 0.020 0.030 0.089 0.120 0.291 0.432 0.516 0.700
or more kgfm/arc min 0.006 0.009 0.027 0.036 0.086 0.128 0.154 0.209
R A07rad 5.0 3.7 4.1 3.2 3.9 3.0 5.3 43
arc min 1.7 13 1.4 1.1 1.3 1.0 1.8 15
o A07rad 13 9.2 9.8 7.7 8.8 6.6 16 12
arc min 4.4 3.1 3.4 2.6 3.0 2.3 5.4 4.2

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.




CSF-2XH/CSF-1U-CC

Output bearing and housing tolerances

The CSF-mini series gearheads have 4-point contact bearings on
the output side to support external loads. The mechanical precision
of the output shaft and output flange is shown below.

Shaft output Fig. 187-1 Flange output Fig. 187-2
2XH-J 2XH-F
(o] eo]]
A 2]
A
g - Al B ]
A a Clan A [}
/e (B} N /] e [B} /] e [8]
(L[ e [A] Ll e [a] L] o [a] (L[ e [a]
Table 187-1
* T.L.R. Unit: mm
Symbol 5 8 11 14
Precision item 2XH-J/1U-CC 2XH-F/1U-CC-F 2XH-J/1U-CC 2XH-F/1U-CC-F 2XH-J/1U-CC 2XH-F/1U-CC-F 2XH-J/1U-CC 2XH-F/1U-CC-F
Runout of the output shaft 0.030 — 0.030 0.030 — 0.030 —
a
Runout of the pilot hole in the
output flange - 0.005 — 0.005 — 0.005 - 0.005
b Concentricity of the mounting
pilot 0.040 0.040 0.055 0.055
Perpendicularity of the
c
mounting face 0.020 0.020 0.025 0.025
d Runout on the output flange face 0.005 0.005 0.005 0.005
e Parallelism of the mounting face 0.015 0.020 0.030 0.030
and the output flange face
* T.L.R.: This indicates the total reading of the dial gauge when the measuring part is rotated once.
Efficiency
The efficiency varies depending on the following conditions. Measurement condition Table 187-2

B Reduction ratio

M Input rotational speed

B Load torque

B Temperature

M Lubrication (Type and quantity)

H Efficiency compensation coefficient

If the load torque is lower than the rated torque, the efficiency
value lowers. Calculate compensation coefficient Ke from Graph
187-1 to calculate the efficiency using the following example.

Calculation Example

Efficiency n (%) under the following condition is calculated from the
example of CSF-8-100-2XH.

Input rotational speed: 1000 rpm

Load torque: 2.0 Nm

Lubrication method: Grease lubrication

Lubricant temperature: 20°C

Since the rated torque of size 8 with a reduction ratio of 100 is 2.4

Nm (Ratings: Page 170), the torque ratio a is 0.83.

(a=2.0/2.4=0.83)

B The efficiency compensation coefficient is Ke=0.99 from Graph
187-1.

H Efficiency n at load torque 2.0 Nm: n=Ke*nr=0.99 x 77%=76%

* Efficiency compensation coefficient Ke=1 holds when the load torque is greater
than the rated torque.

Load torque

Rated torque in rating table (see Page 170)

Lubricant

Grease

Name

Harmonic Grease SK-2

lubrication

Quantity

Recommended quantity

Efficiency compensation coefficient

Graph 187-1

Compensation coefficient Ke

1.0 —
//

0.9

0.8 n =Ke N |
0.7 ns = Efficiency at the rated torque |
0.6

0.5

0.4 Load torque

0.3 Torque ratio a = Rated torque

0 01 02 03 04 05 06 0.7 0.8 09 1.0
Torque ratio
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Gear Units

HarmonicDrive™

M Efficiency at rated torque

Size 5
Ratio 30 Ratio 50 Ratio 100
100 Graph 188-1 100 Graph 188-2 100 Graph 188-3
90 90 90
80 80 80
70 g 70 g 70
> 60 > 60 > 60
[} [} Q
_5 50 _g 50 _g 50
S 40 S 40 S 40
w 30 W gp = w39
20 20 20
10 10 10
0 0 0
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C)
Size 8
Ratio 30 Ratio 50 Ratio 100
100 Graph 188-4 100 Graph 188-5 100 Graph 188-6
920 90
80 80
g 70 g 70
> 60— = 60
5 50 —= 5 80 ==
S 40— S40 -~
o 30 o 30
20 20
10 10
0

Ambient Temperature (°C)

Size 11
Ratio 30

100
90
80
70
60
50
40
30
20
10

0
-10 0 10 20 30 40

Ambient Temperature (°C)

Graph 188-7

Efficiency (%)

Size 14
Ratio 30

100 Graph 188-10
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Input rotational
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100 Graph 188-8
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Graph 188-9
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CSF-2XH/CSF-1U-CC

No-load running torque

No-load running torque is the torque which is required to rotate the

input side (high speed side), when there is no load on the output
side (low speed side).

Hl Compensation Value in Each Ratio
No-load running torque of the gear varies with ratio. The graphs

Measurement condition

Table 189-1

Lubricant Grease lubrication Name Harmonic Grease SK-2

Torque value is measured after 2 hours at 2000rpm input.

. . Table 189-2
No-Load Torque Running Torque Compensation Value ynit: Nem

Ratio

Engineering Data I

- . . 30 50 80
indicate a value for ratio 100. For other gear ratios, add the Size
compensation values from table on the right. 5 0.26 0.1 —
8 0.44 0.19 —
11 0.81 0.36 —
14 1.33 0.58 0.1
H No-load running torque for a reduction ratio of 100
Input speed: 500rpm Input speed: 1000rpm
100.0 Graph 189-1 100.0 Graph 189-2
€ €
o o
Z 100 Z 100
() [}
=} =}
g <
1] 2
(o} [0}
=4 N =z N
g [77] g [77]
2 2 ——
= \ \\ : T~ 14
@ 14 I I
o 10 3 1.0 "
2 1 2
—s 8
—
—— 5 5
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
Input speed: 2000rpm Input speed: 3500rpm
100.0 Graph 189-3 100.0 Graph 189-4
€ €
(&} o
< <
o 10.0 o 10.0
3 3
g g
2 2
[} Q
[ N jo)) N
£ @ £ 14 @
5 \ 1 E
el el
g \ — | N p: \ 1
5 1.0 5 1.0
z z
8
8
— | 5 5
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
*The values in this graph are average values X).
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CSF-2XH/CSF-1U-CC

Example of installation

The following examples show a CSF-2XH miniature gearhead mounted to a motor.

Fig. 190-1

Fig. 190-2

This example shows the wave
generator flipped to allow for full
motor shaft engagement with
access to the set screws.

Mounting flange

Mounting flange

!
!

Hl Motor matching table

The table below provides a rough guide for matching a gearhead to a motor,
based on the motor wattage. Note that the motor shaft diameter may not
always match the diameter of the gearhead's standard input hub. The input
hub can be supplied with a non-standard diameter, see Page 185.

Table 190-1
o Motor capacity 4. gy 10w 20W 30W
5 O
8 O
11 O O
14 @)

(Note) The shaft diameter of some motors may not fit the hole diameter of the
standard wave generator. In this case, the hole diameter should be
changed (hole diameter size: see Page 185). Changes to the hole
diameter should be performed using special specifications.




CSF-2XH/CSF-1U-CC

Recommended tolerances for assembly

Maintain the recommended tolerances shown in Figure 191-1 and
Table 191-1 for maximum performance of CSF mini gearheads.

Recommended assembly tolerances

Fig. 191-1

T Recommended
~ allowance of the case

(Llala]

Case mating face

Recommended
allowance of the shaft h6

L[b[A]

Wave generator
mounting face

Table 191-1
Recommended assembly tolerances Unit: mm
Size
S Precision item J & il i
a |Perpendicularity of mounting flange 0.008 0.010 0.011 0.011
0.012 0.012 0.017
P ndicularity of the input hub I
b erpendicularity of the input hu 0.005 (0.006) 0.007) 0.008)
- . 0.015 0.015 0.030
Concentricity of the input shaft .
° Y P 0005 0.006) ©0.007) ©.016)

* The standard Wave Generator has an Oldham coupling to compensate for any misalignment. The parenthesized value indicates the value for an input without an

Oldham coupling (known as a solid wave generator). The size 5 is standard with a solid wave generator.
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CSF-2XH/CSF-1U-CC

Installation and transmission torque

M Installation

Check the mating surface for flatness and for burrs prior to
mounting the CSF-mini product. Use the proper screws and the
tightening torque as specified in Table 192-1 and 192-2.

Bolt tightening torque* of the mounting flange (A in Figure 193-1) /2XH type Table 192-1
. Size 5 8 11 14
em
Number of bolts 2 2 2 2
Bolt size M2 M3 M4 M5
Eilrtglg mm 25 375 50 62
Clamp Nm 0.25 0.85 2.0 40
torque ’ . : :
Screws mm 2.4 3.6 4.8 6.0
Transmission
torque Nm 2 7 16 31

* Recommended bolt: JIS B 1176 hexagonal bolt, strength: JIS B 1051 12.9 or higher
* Use a washer so that the bolt seating surface does not directly touch the aluminum.

Bolt tightening torque* of the mounting flange (A and C part in Figure 193-2) /1U-CC type Table 192-2

Number of bolts 4 4 4 4 4 4 4 4
Bolt size M2 M2 M3 M2.5 M4 M3 M5 M4
Z'rtglg mm 23 225 35 34 46 46 58 58
Clamp Nm 025 025 0.85 055 2.0 0.85 4.0 2.0
torque

Screws mm 3 3 6 5 8 6 10 8
Ig?gj;“'ssm Nm 35 - 12 - 29 - 57 -

* Recommended bolt: JIS B 1176 hexagonal bolt, strength: JIS B 1051 12.9 or higher

192  HarmonicDrive"




M Installation of the load on the output part

Install the load on the output part of the CSF-mini series taking the

specifications of the output bearing (see Page 173) into

consideration.

CSF-2XH/CSF-1U-CC

Bolt tightening torque* of the mounting flange (B in Figure 193-1 and Figure 193-2) (flange output type) Table 193-1
Size
e 5] 8 11 14
Number of bolts 3 4 6 6
Bolt size M2 M3 M3 M4
Pitch
h mm
circle 9.8 15.5 20.5 25.5
Clamp Nm 0.54 2 2.0 4.6
torque : : : :
Transmission| nm > 13 26 55
torque
Output Flange is treated to prevent for grease leakage, re-sealing is not necessary.
* Recommended bolt: JIS B 1176 hexagonal bolt, strength: JIS B 1051 12.9 or higher
Mounting flange (2XH-F) Fig. 193-1 Mounting flange (1U-CC-F) Fig. 193-2

Part A

g
{

Part C

Avoid impact to the output flange during assembly. It may result

in damage to the gearhead.
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csr-axwcse-1u-cc I

Sealing is required to prevent grease leakage

« Mating flange «--cocoeeecmecnnnnnnnas

« Screw hole area - «eeoeeeeeerveerenunens

Use the O-Ring supplied with the
gearhead, as well as a seal
adhesive, such as gasket
eliminator. Make sure the O-Ring
is seated properly.

Apply LOCTITE® 242 to the screw
threads.

Area requiring sealing and recommended

sealing methods
Area requiring sealing

Mating flange

Table 194-1

Recommended sealing method

Use O-ring (supplied with the product)

Input side Motor output
shaft

Please select a motor which has
an oil seal on the output shaft.




CSF Supermini Series
Gear Unit CSFsupermini

Features
Ordering Code

Technical Data

. Raﬁng table  sececeerecreciiiiiiiiiiiiiia,

« Positional accuracy «......ceeeeeeeenneens

« Hysteresis

« Starting torque «-«eeeeeeeeeseeeeienennes
« Backdriving tOrque «-s-sessessesessesssncs
« Ratcheting torque  «««eeeeeeeeeueesuiennnes
« Buckling torque ««eeeeeeeveinniinniinniinies
» Checking output bearing -««eeeeveeee.

« Lubrication

«Outline dimensions . ...
1U

« Outline dimensions ........cccccceeeunenn.
1U-CC

« Torsional Stiffness  +++eeeeveesseeeeernnennns

« Output Bearing and «...coeeeeeeeneeenns
housing tolerances

« Efficiency

« No-load running torque  «eeeeeeeeeenneens

« Allowable load on the input shaft .-

« Installation and transmission
torque

« Installation Example «---sseeeeeueeeenneean

« Installation Tolerances.........cccoevuveeeenns

196
197
197
198
198
198
198
198
198
199
199
200
200
201
201
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csF supermini I

IFeature s

H Double Shaft

M Gearhead

* Exact sized photograph

CSF supermini series

CSF supermini series

The CSF supermini series gear units are our smallest gearheads
available today. Equipped with our proprietary 4-point contact
bearing, these mini gearheads are available in two varieties. The
CSF-1U-CC is designed to mount directly onto a servo motor, and
the CSF-1U offers both an input shaft and output shaft. Choose the
version that works best for your application. Both are available in 3
ratios: 30:1, 50:1 and 100:1.

Features

B Zero backlash

M High-positioning accuracy

B Compact and lightweight

M High-torque capacity

H High-radial, axial, and moment load capacity
M 4 point contact bearing

M Ratios: 30:1 to 100:1

Fig. 196-1

Double Shaft Gearhead (1U)

It also allows for pulleys to be used for the input and output to the
gearhead.

Four-point Circular spline

This gearhead is easy to use and has both an input and an output shaft.

contact ball bearing

Input shaft

Output shaft (WG)

(FS)

Output

} Wave generator

Flexspline

Gearhead (1U-CC)

This is a gearhead designed to be combined with a high-performance
compact servo motor.

Four-point

contact ball bearing Circular spline

Output shaft
(FS)

Wave generator

Flexspline

* The rotational direction of the output shaft is opposite to that of the
input shaft (wave generator) when the circular spline is fixed.
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CSF supermini

Ordering Cod e

CSF-3B-50-1U-CC-SP

sessesesssseccssese

“ese

eescnse
pessese

“eceses

“eeseccese
cessesccce

o
3
H
.
.
H
H

eecsecee

.
Jsesesceseccnsene®
H

V V V Table 197-1

Series i Version Special specification

<
<

symbol

1U = Double Shaft Gearhead SP= Special specification code
CSF 8 B 30 50 100 | 4U-CC = Gearhead

Blank= Standard product

*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: output shaft

Technical Data e —

Rating table

Table 197-2

Rated torque at Limit for Repeated Limit for Average  Limit for Momentary Maximum Input Limit for Average Moment of Inertia
Ratio input 2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) (1/aGD?)""
Nm kgfm Nm kgfm Nm kgfm Nm kgfm rpm rpm kgem®
30 0.06 0.006 0.13 0.013 0.10 0.010 0.22 0.022 1U: 5.3x107
3 50 | 011 | 0.011 | 021 | 0.021 | 0.13 | 0.013 | 0.41 | 0.040 10000 6500 .

1U-CC: 7.0x107

100 | 0.15 0.015 0.30 0.029 0.23 0.023 0.57 0.056

*1 The higher value for moment of inertia is for 1U, the lower value is for 1U-CC.
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. CSF supermini
T
(m]
(]
£
= o
8 POSItlonaI accuracy See "Engineering data" for a description of terms.
c Table 198-1
'a-‘ Size
c Specification
w Total reduction x10%rad 2.9
ratio arc min 10
HVStereSis IOSS See "Engineering data" for a description of terms.
I Table 198-2
2
- Ratio
[«}] =
) x107*rad 13
ren 30 arc min 4.5
q:) x10"rad 12
c a0 arc min 4
8_ x107rad 12
E 100 arc min 4
[}
(&}
Starting torque See "Engineering data" for a description of terms. Please use as reference values; the
values vary based on use conditions.
Table 198-3
Unit: Nem
]
:‘g 30 0.34 0.32
c 50 0.30 0.28
= 100 0.26 0.24
©
Q
)
See "Engineering data" for a description of terms. Please use as reference values; the values
vary based on use conditions.
Table 198-4
Unit: Nm
30 0.14 0.12
50 0.14 0.11
— = = 2
()
jed
(2]
P~
() e
2‘ Ratchetlng ue See "Engineering data” for a description of terms.
2 Table 198-5
o . Unit: Nm
0 Size
2 Ratio 3
o 30 0.88
50 0.83
100 0.74
[ ] Buckling torque See "Engineering data" for a description of terms.
1) Table 198-6
2 Unit: Nm
©
=]
“6 All ratios 3.7
<
o3
(2}
T
©
Q
<
-
©
Q
)
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CSF supermini

Checking output bearing

A precision 4-point contact ball bearing is built in the CSF supermini
series to directly support the external load (output flange).

Check the maximum moment load, life of the 4-point contact ball
bearing and static safety coefficient to insure long life.

See page 030 to 034 of "Engineering data" for each calculation
formula.

B Checking procedure

(1) Checking the maximum moment load (Mmax)

‘ Calculate the maximum moment load (Mmax). M Maximum moment load (Mmax) < allowable moment (Mc)

(2) Checking the life

‘ Calculate the radial load (Frav) and the average axial load (Faav).

g

coefficient (y).

Calculate the radial load coefficient (x) and the axial load

»{ Calculate the lifetime

(3) Checking the static safety coefficient

‘ Calculate the static equivalent radial load coefficient (Po). M Check the static safety coefficient. (fs)

M Output bearing specifications
Specifications

Basic rated load Allowable

Offset

Pitch circle

Table 199-1

moment Moment Allowable Allowable
. : . .
dp R Basic dynamic rated load Basic static rated load load SHINEss fadiafioad axialioad
mm mm x10°N x10°N Nm Nm/rad N N
3 7.7 4.1 6.65 4.24 0.27 0.9x102 36 130
* Allowable radial load is the value on the center of output shaft side of both shaft type (1U) and that of gear head shaft output type (1U-CC).
* The value of the moment stiffness is the average value.
Lubrication
Table 199-2

The CSF-supermini gearheads are shipped already lubricated with
grease. The table shows the grease that is used in the gearhead.

Lubricated area

Lubricant

Reducer

Harmonic Grease SK-2

Manufacturer

Harmonic Drive Systems

Base oil

Refined oil

Base Viscosity (25°C)

265 to 295

Thickening agent

Lithium soap

Drop point

198°C

Appearance

Green

HarmonicDrive”
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Outline Dimensions

Outline dimensions 1U

You can download the CAD files from our website: harmonicdrive.net

Fig. 200-1
Unit: mm

Mass: 13.7g

4

o

e

)
@

o3
%2 16 Sone

= |

035 ho6 Soms

Max. dia. of motor

* Please refer to the confirmation drawing for detailed dimensions.

Outline dimensions 1U-CC

You can download the CAD files from our website: harmonicdrive.net

Fig. 200-2
Unit: mm
Mass: 11.4g
205
’ p 4-M1.4X2.8 equall d
4-M1.6X3.2 equally spaced @ 7 1.5,.1.4 0.6 ~0 equaly spaced [ q}‘ G301
55 15 ] \
M1.6X2ZL 013

With fixing screw

0
-0.008|

™
?3.5 hé

@17.5

312 17 Some
7.2

Max. dia. of motor
965

N

* Please refer to the confirmation drawing for detailed dimensions.




CSF supermini

onal stiffness See "Engineering data" for a description of terms.

Table 201-1
Size
Symbol K]
Nm 0.16
’ kgfm 0.0016
Nm 0.05
ik e 0.005
Nm/rad 27
K x10"*kgfm/arc min 8
Nm/rad 40
Ke x10"*kgfm/arc min 12
Nm/rad 51
Reduction| K x10"*kgfm/arc min 15
ratio x10*rad 5.9
% 8 arc min 20
x10™rad 125
8 arc min 4.2
Nm/rad 30
W e 9
Nm/rad 47
e x10"kgfm/arc min 14
Reduction Nm/rad 57
rzt(i)o x10"kgfm/arc min 17
x10™*rad 5.3
& arc min 1.8
x10™rad 10.6
6 arc min 3.6
Nm/rad 34
K x10"*kgfm/arc min 10
Nm/rad 54
K x10"*kgfm/arc min 16
Reduction Nmvrad 57
qaélg K x10"*kgfm/arc min 20
x107*rad 4.7
8 arc min 1.6
x107rad 9.3
e arc min 31

* The values in this table are reference values. The minimum value is approximately 80% of
the displayed value.

Output bearing and housing tolerances

The CSF supermini gearheads have a precision 4-point contact
bearing on the output side to support external loads. The
mechanical precision of the output shaft and the gearhead are as
shown below.

Fig. 201-1

Table 201-2
* T.L.R. Unit: mm
Size
i Precision item €
a Runout of the output shaft 0.030
b C_oncentrlcny of the mounting 0.020
pilot
¢ Perper_1d|cular|ty of the 0.020
mounting face
d Runout on the output flange face 0.005
e Parallelism of the mounting face 0.015
and the output flange face .

*T..R.: This indicates the total reading of the dial gauge when the measuring part is rotated once.
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The efficiency varies depending on the following conditions.
M Reduction ratio

M Input rotational speed

W Load torque

B Temperature

W Lubrication (Type and quantity)

H Efficiency correction coefficient
If the load torque is lower than the rated torque, the efficiency

value lowers. Calculate compensation coefficient Ke from Graph
202-1 to calculate the efficiency using the following example.

Calculation Example
Efficiency n (%) under the following condition is calculated from the

example of CSF-8-100-1U.
Input rotational speed: 1000 rpm  Lubrication method: Grease

Load torque: 2.0 Nm Lubricant temperature: 20°C

Since the rated torque of size 8 with a reduction ratio of 100 is 2.4
Nm (Ratings: Page 197), the torque ratio a is 0.83.
(0=2.0/2.4=0.83)

H The efficiency compensation coefficient is Ke=0.93 from Graph
202-1.
W Efficiency n at load torque 2.0 Nm: n=Ke*nR=0.99 x 77=76%

* Efficiency compensation coefficient Ke=1 holds when the load torque is greater
than the rated torque.

0.3

Measurement condition Table 202-1
Load torque | Rated torque in rating table (see Page 197)
Name Harmonic Grease SK-2
Lubricant Gr'easg
lubrication
Quantity Recommended quantity
Efficiency Compensation coefficient Graph 202-1
1.0 —

Q —1 |
v 09
g 0.8 n =Ke- Ny
S 07 ns = Efficiency at the rated torque |
2
g 06
C
S 05
3
c 04

) Load torque
é Torque ratioa = m
<]
(¢]

0 01 02 03 04 05 06 07 08 09 1.0
Torque ratio




M Efficiency at rated torque

CSF supermini

Size 3: (1U)
Ratio 30

100 Graph 203-1

90
80
70
60
50
40
30
20
10

91 0 0 10 20 30 40

Ambient Temperature (°C)

Efficiency (%)

Size 3: (1U-CC)
Ratio 30
100 Graph 203-4

20
80
70
60
50
40
307
20
10

Efficiency (%)

0
-10 0 10 20 30 40
Ambient Temperature (°C)

Input rotational speed
500rpm

—- — - —-- —- 5000rpm

Ratio 50

100 Graph 203-2

90
80
70
60
50
40 ==
30 ’/ -] -..-
20 e

101

91 0 0 10 20 30 40

Ambient Temperature (°C)

Efficiency (%)

Ratio 50
100 Graph 203-5

90
80
70
60
50
40
30
20

10}

Efficiency (%)

0
-10 0 10 20 30 40
Ambient Temperature (°C)

——————————— 1000rpm
.................... 10000rpm

Ratio 100
Graph 203-3

100

-10 0 10 20 30 40
Ambient Temperature (°C)

Ratio 100
100 Graph 203-6

90
80
70
60
50
40
30
205

Efficiency (%)

-10 0 10 20 30 40
Ambient Temperature (°C)

--- 2000rpm  —-—-—- - 3500rpm
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CSF supermini

No-load running torque

No-load running torque is the torque which is required to
rotate the input side (high speed side), when there is no load
on the output side (low speed side).

Measurement condition Table 204-1

CSF-3-100-1U-CC (Gearhead)

Ratio 100:1
Lubricant ‘ Grease lubrication ‘ Name ‘ Harmonic Grease SK-2
Torque value is measured after 2 hours at 2000rpm input.

l Compensation value in each ratio

No-load running torque of the gear varies with ratio.
The graphs indicate a value for ratio 100.

Table 204-2

No-load running torque compensation values. Unit: Nem

Rati
For other gear ratios, add the compensation values o =0 30 50 100
from table on the right. CSF-1U 0.006
CSF-1U-CC 0.020 0.017 —
Hl No-load running torque for Gearhead (1U-CC, 100:1) Graph 204-1
1.00 +5
K. AT

= L \‘\, T~ . Soe.,

<z'> REIY .\'\_ - .°"o.

;; ~ ~~~ ~. \.\ .: = o *e e

Cj}' \\\\ ~~~~~~~ ~. ...\. -.-._...‘

§ \\‘Ns ~~._~~-- \.\.\-\.. — -.-o-.......

2 0.0 ~~ - T ~- —— - ¢ 10000rpm

£ =i e — === — 5000rpm

5 == - ===a - =| 3500rpm

- T e e e T U I — 2000rpm

- |\ e— T T === 1000rpm

S 500rpm

z

0.01
-10 0 10 20 30 40
Ambient Temperature (°C)
*The values in this graph are average values (X).




CSF supermini

Allowable load on the input shaft (1U)

The Input Shaft is supported by two deep groove single row ball bearings.
Please check the loading on the input shaft to make sure that it is acceptable.

The following figure shows the supporting point of the bearing. See the
following table for the size of (a) and (b). The following graph shows the relation
between the maximum allowable radial load and the axial load of size 3.

The values in the following graph are those assuming that the average input
rotational speed is 2,000 rpm and the basic rated life, L10, is 7,000 hours

Example: When a 3-N axial load (Fa) is applied to the input shaft, the value of
the maximum allowable radial load (Fr) is 3.75 N.

*For structural reasons, the input shaft moves in the axial direction when the
external force is applied.

Bearing specifications

Table 205-1

Bearing A Bearing B Distance Overhang .
between length of the Ma_x SHEM
Basic dynamic Basic static Basic dynamic  Basic static P —— Touh Ut [ radial load
Model rated load rated load Model rated load rated load 9 P
cr(N) Cor(N) Cr(N) Cor(N) a(mm) b (mm) Fr(N)
3 MF-63T12Z2Z 242 94 681X 102 29 5.05 5.85 6
Supporting point of the roller bearing Fig. 205-1
681X MF-63T122Z
bearing B bearing A
Fr

S T
R

<

_1_

Fa: Axial load (N) a b
Fr: Radial load (N) Distance bet\n{een Lepgth of overhang
bearings  of input shaft

Relation between the radial load and the axial load Graph 205-1

10

Radial load Fr (N)

0 1 2 3 4 5

Axial load Fa (N)
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Installation and transmission torque

M Installation

Ensure that surface used for installation is flat and does not have
any burrs. Please fasten bolt with the proper torque for each size as
indicated.

Tightening torque of the bolt* of the mounting flange

(A in Figure 206-1) Table 206-1
Size

Iltem €
Number of bolts 4
Bolt size M1.6
Pitch
Circle mm 15
Tightening
torque 2l DG
Screw mm 1.9
Transmission
torque Nm &

* Recommended bolt: JIS B 1176 hexagonal bolt, strength: JIS
B 1051 12.9 or higher.

Mounting flange Fig. 206-1

N
&

Part A

H Installation of the output shaft

Do not allow the output shaft to receive a shock when you install a
pulley and pinion. It can deteriorate the precision of the reducer and
cause failure.



N < .,

Installation Exampl e s

Installation Example

The following shows an example of the representative installation of gearhead (1U-CC).

Fig. 207-1
Adapter plate

Servo motor

Wave generator
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Installation accuracy

CSF supermini

For peak performance of the gear, maintain the recommended
assembly tolerances shown in Figure 208-1 and Table 208-1.

Recommended Tolerances for Assembly

Fig. 208-1

|
|
Recommended

housing tolerance

=
(o))

L2 ]

Case mating face

Recommended allowance
of the shaft h6

Wave generator
mounting face

Ol ¢ |4

Lo A

Table 208-1
Recommended tolerances Unit: mm
Syt Precision item S ¢
a |Perpendicularity of the case mating face] 0.006
b |Perpendicularity of the wave generator 0.004
C _|Concentricity of the input shaft 0.004
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Features

CSD-2UH

Structure of CSD

Gear Unit

CSD-2UF

CSD Gear Units

Available in two form factors, the CSD series gear units offer zero
backlash while remaining lightweight and compact. These units are
ideal for humanoid robots, aerospace, semiconductor equipment and
many other critical applications. Ratios available are from 50:1 to
100:1.

Features

B Zero backlash

B Compact design

H Hollow shaft (2UF only)
M High-load capacity

M Lightweight

Fig. 210-1

CSD-2UH

Circular Spline

CSD-2UF

Circular Spline
Output fl
Dulputiiange Wave Generator Output flange
L _ TieVE beTRTatot
o
< L Wave Generator
/
Cross roller
bearing Flexspline El i
Cross roller exspine
bearing =
Ordering Code
CSD -20-100-2UH - SP
i sereereeneessesresnenns! ORI
\/ \/ v \ \ Table 210-1
Series Special specification
14 50 80 100 2UH= Unit type Blank= Standard product
17 50 80 100 (Size 14 to 50) SP = Special specification
csb 20 50 80 100 2UF= Hollow shaft code
25 50 80 100 (Size 14 to 40)
32 50 80 100
40 50 80 100
50 50 80 100

* The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline
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Gear Unit CSD .
-
@©
(=]
o
c
=
o
CSD-2UH Gear Unit =
Limit f Maximum Limit for ?
Rated torque at input  Limit for repeated = Limit for average Limit for momentary . ) f .
speed 2000rpm peak torque torque peak torque 'npl(thpsn’])f < a;’:gz%?rlg%l;t Rleentedineii w
Nm kgfm Nm kgfm Nm kgfm Nm kgfm Grease Grease  Ix10°kgm® Jx 10°kgfms®
50 3.7 0.38 12 1.2 4.8 0.49 24 24
14 80 5.4 0.55 16 1.6 7.7 0.79 35 3.6 8500 3500 0.021 0.021
100 5.4 0.55 19 1.9 7.7 0.79 35 3.6
50 11 1.4 23 2.3 18 1.8 48 4.9
17 | 80 15 1.5 29 3.0 19 1.9 61 6.2 7300 3500 0.054 0.055 |
100 16 1.6 37 3.8 27 2.8 71 7.2 7))
-
50 17 1.7 39 4.0 24 2.4 69 7.0 (?)
20 80 24 2.4 51 5.2 33 3.4 89 9.1 6500 3500 0.090 0.092 —
10 | 28 | 29 [ 57 | 58 | 34 | 35 | o5 9.7 S
50 27 2.8 69 7.0 38 3.9 127 13 g
25 80 44 4.5 96 9.8 60 6.1 179 18 5600 3500 0.282 0.288 o
100 47 4.8 110 11 75 7.6 184 19 g
50 53 5.4 151 15 75 7.6 268 27 O
32 80 83 8.5 213 22 117 12 398 41 4800 3500 1.09 1.11
100 96 9.8 233 24 151 15 420 43
50 96 9.8 281 29 137 14 480 49
40 80 144 15 364 37 198 20 686 70 4000 3000 2.85 2.91
100 185 19 398 41 260 27 700 71
50 172 18 500 51 247 25 1000 102
|
50 80 260 27 659 67 363 37 1300 133 3500 2500 8.61 8.78
100 329 34 686 70 466 48 1440 147 _“e
'c
-}
S
©
Q
O
CSD-2UF Hollow Shaft Gear Unit
Rated torque at input - Limit for repeated ~ Limit for average  Limit for momentary . Maximum Limit for e
speed 2000rpm peak torque torque peak torque mpl(fps,ﬁ)e e a;’:;z%e(;;%l;t Moment of inertia
Nm kgfm Nm kgfm Nm kgfm Nm kgfm Grease Grease  Ix10kgm® Jx 10°%kgfms®
50 3.7 0.38 12 1.2 4.8 0.49 24 2.4
14 80 5.4 0.55 16 1.6 7.7 0.79 35 3.6 8500 3500 0.021 0.021
100 5.4 0.55 19 1.9 7.7 0.79 35 3.6
50 11 1.1 23 2.3 18 1.8 48 4.9
|
17 80 15 1.5 29 3.0 19 1.9 61 6.2 7300 3500 0.054 0.055
100 16 1.6 37 3.8 27 2.8 71 7.2 n
50 17 1.7 39 4.0 24 2.4 69 7.0 2
20 80 24 2.4 51 5.2 33 3.4 89 9.1 6500 3500 0.090 0.092 g
100 28 2.9 57 5.8 34 3.5 95 9.7 '3'
50 27 2.8 69 7.0 38 3.9 127 13 ﬁ
25 80 44 4.5 96 9.8 60 6.1 179 18 5600 3500 0.282 0.288 %
100 47 4.8 110 11 75 7.6 184 19 =
50 53 5.4 151 15 75 7.6 268 27 o
32 80 83 8.5 213 22 117 12 398 41 4800 3500 1.09 1.11
100 96 9.8 233 24 151 15 420 43
50 96 9.8 281 29 137 14 480 49
40 80 144 15 364 37 198 20 686 70 4000 3000 2.85 2.91
100 185 19 398 41 260 27 700 71 I
(Note) Moment of inertia: | = '/, GD?
4
[e]
-
©
=}
-
(8]
<
o3
[72]
T
©
Q
L
£
©
[J]
O
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] Outline dimensions CSD-2UH ,
c Fig. 212-1
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* Please refer to the confirmation drawing for detailed dimensions.
_-g * See Fig. 064-2 on Page 064 for the wave generator form factor
[ =
=
j -
©
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Dimensions CSD-2UH
Table 212-1
Unit : mm
14 17 20 ) 32 40 50
®A h7 55 62 70 85 112 126 157
B 25 26.5 29.7 37.1 43 51.7 62.5
C 23 24.5 27.7 34.1 40 47.7 58.5
D 2 2 2 3 3 4 4
E 0.5 0.5 0.5 0.5 1 1 1
¢F h7 42.5 49.5 58 73 96 108.5 136
[ ] $G H7 11 15 20 24 32 40 50
n ¢oH H7 11 11 16 20 30 32 44
E ¢l H7 12 14 18 24 32 36 48
“‘7)‘ ®J 31 38 45 58 78 90 112
2 K h7 55 62 70 85 112 126 157
© L 5 5 5 5.5 5:5 6 7
< M 1.7 % 1.7 %% 1.7 % 2.6 %° 2.5%° 3.4"%° 3.2 %°
8 N 14.8 16.3 18.8 23.7 30.6 36.5 44.3
g o) 4 3, 5 3 5.2 81 6.3 01 8.6 01 10.3 3 12.7 $
o P (PCD) 17 21 26 30 40 50 60
$Q (PCD) 49 56 64 79 104 117.5 147
R 6 10 12 18 18 18 22
$S 3.4 3.4 3.4 3.4 4.5 5.5 6.6
T 4 4 4 4 4 4 4
U M3 M3 M3 M3 M4 M5 M6
¢V (PCD) 25 27 34 42 57 72 88
I w 10 8 8 8 10 10 10
2 X M3x7 M5x8 M6x9 M8x12 M8x12 M10x15 M12x18
(o) [0) 4 38 45 53 66 86 106 133
© z 3 3 35 45 5 6.5 7.5
2 Mass (kg) 0.35 0.46 0.65 1.2 2.4 3.6 6.9
(&)
<
o3
(2]
©
©
o
L
S
©
Q
O
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Outline dimensions CSD-2UF

Fig. 213-1

C.|
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X
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M N
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L
* Please refer to the confirmation drawing for detailed dimensions.
* See Fig. 064-2 on Page 064 for the wave generator form factor
Dimensions CSD-2UF
Table 213-1
Unit : mm
Symbol Size 14 17 20 25 32 40
dA h7 70 80 90 110 142 170
B 22 22.7 26.8 31.5 37 45
C 0.5 0.5 2.3 2.1 2.8 6.5
¢D H7 48 56 64 80 106 132
PE H7 11 15 20 24 32 40
®F 9 9 18 22 29 37
$G H7 30 34 40 52 70 80
¢H 49 59 69 84 110 132
¢l h7 70 80 90 110 142 170
J 4.9 5.4 4.8 5.5 6 7
K 2.5 2.5 2.5 3 3 3
L 12.9 13.4 16.8 185 22 27
M 2.8"%° 2.8 %° 2.8 %° 3.4 %° 3.5 %° 3.6 %°
N 43 5 84 5.2 3 6.3 31 8.6 3 10.3 4
$O (PCD) 17 21 26 30 40 50
P 4 4 4 4 4 4
Q M3 M3 M3 M3 M4 M5
R (PCD) 64 74 84 102 132 158
S 6 8 8 10 10 10
T 3.4 3.4 3.4 4.5 55 6.6
¢U (PCD) 42 50 60 73 96 116
\ 8 10 8 8 8 12
W M3x5 M3x6 M4x8 M5x8 M6x10 M6x10
X 34.5x0.80 38.0x1.20 S48 S60 S80 S100
Y 49.0x1.50 59.4x1.20 S70 S85 S115 S$140
[0Y4 38 45 53 66 86 106
Mass (kg) 0.50 0.66 0.94 1.7 3.3 5.7
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Gear unitcso I

POSltlonal accuracy See "Engineering data" for a description of terms.

Table 214-1
Positional x10™ rad 4.4 4.4 2.9 2.9 2.9 2.9 2.9
Accuracy arc min 1.5 15 1.0 1.0 1.0 1.0 1.0
See "Engineering data" for a description of terms.
Table 214-2
Rao  Unit Size 14 17 20 25 32 40 50
x10™ rad 7.3 4.4 5.8 5.8 5.8 5.8 5.8
50 arc min 2.5 1.5 2.0 2.0 2.0 2.0 2.0
80 or x10™ rad 5.8 2.9 2.9 2.9 2.9 2.9 2.9
fmore arc min 2.0 1.0 1.0 1.0 1.0 1.0 1.0
See "Engineering data" for a description of terms.
Table 214-3
ltem Unit Siz8 14 17 20 25 32 40 50
T Nm 2.0 3.9 7.0 14 29 54 108
kgfm 0.2 0.4 0.7 1.4 3.0 5.5 11
T Nm 6.9 12 25 48 108 196 382
kgfm 0.7 1.2 25 4.9 1 20 39
Ki x10* Nm/rad 0.29 0.67 11 2.0 4.7 8.8 17
kgfm/arc min 0.085 0.2 0.32 0.6 1.4 2.6 5.0
Ka x10* Nm/rad 0.37 0.88 1.3 2.7 6.1 11 21
kgfm/arc min 0.11 0.26 0.4 0.8 1.8 3.4 6.3
Reduction Ks x10* Nm/rad 0.47 1.2 2.0 3.7 8.4 15 30
ratio kgfm/arc min 0.14 0.34 0.6 1.1 2.5 4.5 9.0
%0 N x10* rad 6.9 5.8 6.4 7.0 6.2 6.1 6.4
arc min 2.4 2.0 2.2 2.4 2.1 2.1 2.2
0 x10* rad 19 14 19 18 18 18 18
arc min 6.4 4.6 6.6 6.1 6.1 5.9 6.2
Ki x10* Nm/rad 0.4 0.84 1.3 2.7 6.1 11 21
kgfm/arc min 0.12 0.25 0.4 0.8 1.8 3.2 6.3
Ke x10* Nm/rad 0.44 0.94 1.7 3.7 7.8 14 29
kgfm/arc min 0.13 0.28 0.5 1.1 2.3 4.2 8.5
Reduction Ks x10* Nm/rad 0.61 1.3 2.5 4.7 11 20 37
ratio kgfm/arc min 0.18 0.39 0.75 1.4 3.3 5.8 11
Soermore |7 x10°* rad 5.0 4.6 5.4 5.2 4.8 49 5.1
arc min 1.7 1.6 1.8 1.8 1.7 1.7 1.7
0 x10™ rad 16 13 15 13 14 14 13
arc min 5.4 4.3 5.0 4.5 4.8 4.8 4.6
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
See "Engineering data" for a description of terms. The values in the table below vary depending on the use conditions, use
them as reference values.
M CSD-2UH o Nem
Ratio Size 14 17 20 25 32 40 50
50 4.4 6.7 8.9 16 32 55 102
80 3.2 4.4 5.7 10 22 36 68
100 2.8 3.8 5.1 9.1 20 32 60
Table 214-5
H CSD-2UF Unit: Ncm
Ratio Size 14 17 20 25 32 40
50 5.3 7.5 9.7 17 34 58
80 3.8 4.9 6.2 1 23 37
100 3.2 4.2 5.5 9.6 21 33
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Backdriving torque See "Engineering data" for a description of terms. The values in the table below vary depending on the -
use conditions, use them as reference values. [}]
Table 215-1 9
B CSD-2UH Unit: Nm £
i (=]
— Size 14 17 20 25 32 ) 50 b
50 2.9 4.3 5.2 9.5 19 33 61 w
80 29 4.1 5.7 10 21 35 66
100 3.5 4.6 6.0 11 23 38 71
Table 215-2 |
H CSD-2UF Unit: Nm
- (]
Ratio Sz 14 17 20 25 32 40 %
50 3.3 4.7 5.6 10 20 34 %)
80 3.3 4.5 6.1 10 22 36 =
100 3.9 5.0 6.4 11 24 39 8
]
Q
£
[e]
(&)
Ratcheti ng torque See "Engineering data" for a description of terms.
Table 215-3
Unit: Nm
. Siee 14 17 20 25 32 40 50
Ratio
50 60 105 150 315 685 1260 2590
80 75 140 245 475 980 1960 3780 [
100 55 110 180 350 700 1470 2870
[Z]
=
c
>
-
1]
- Q
Buckling torque See "Engineering data" for a description of terms. O]
Table 215-4
Unit: Nm
Size 14 17 20 25 32 40 50
All ratios 190 330 560 1000 2200 4300 8000
|
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No-load running torque

No-load running torque is the torque which is required to rotate the Measurement condition Table 216-1
input side (high speed side), when there is no load on the output side
(low speed side).

Ratio 100

Harmonic Grease SK-1A (size 20 or larger)
Lubricant | Grease Name Harmonic Grease SK-2 (size 14, 17)
lubrication - "
Quantity Recommended quantity

Torque value is measured after 2 hours at 2000rpm input.

H No-load running torque for a reduction ratio of 100:1

Hl CSD-2UH
Input speed: 500rpm Input speed: 1000rpm
Graph 216-1 Graph 216-2
10000 10000
€ 1000 € 1000
o o
£ £
[} [}
3 3
g g
'9 (o] '9 [0}
£ 100 & £ 100 T~ o
c = 50
2 50 2 5
e e
0
g - g 40
S — | S 32
32
P4 o \ ~_| b4 10 \ ~_| n
20 201
——17]
— 17 |
——7. 14
1 1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
Input speed: 2000rpm Input speed: 3500rpm
Graph 216-3 Graph 216-4
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*The values in this graph are average values (X). 0=20%




B CSD-2UF

Input speed: 500rpm

Graph 217-1
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Input speed: 2000rpm

Graph 217-3
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Size

Size

Input speed: 1000rpm

Graph 217-2
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Input speed: 3500rpm

Graph 217-4
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*The values in this graph are average values (X). 0=20%

Size

Size

Hl Compensation value in each ratio

No-load running torque of the gear varies with ratio.
The graphs indicate a value for ratio 100.

For other gear ratios, add the compensation values
from table on the right.

No-load running torque compensation values

Table 217-1
Unit: Nem

80

+.03
17 +1.5 +0.3 +1.8 +0.4
20 +2.3 +0.4 +2.6 +0.5
25 +3.8 +0.7 +4.3 +0.8
32 +7.3 +1.3 +8.2 +1.5
40 +12 +2.1 +14 +2.5
50 +22 +3.8 - -
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B Efficiency compensation amount

M Efficiency at rated torque

by size M CSD-2UH
With the CSD-2UH, CSD-2UF, input-side
support bearings and oil seal are attached. Size 14/ Ratio 50 Sraon 21601 Size 14/ Ratio 80, 100 Sraon 2162
. . raj - raj -
The effect of these varies depending on the 100 P 100 P
model number.
Use Table 218-1, 2 to determine the 90 90
compensation amount (1 e) for efficiency at
R 80 80
rated torque for each size.
70 70
— /
- = - - / /
Efficiency compensation amount by size = " | S — | < o0 | e ]
= TO0DrAT = 100
CSD-2UH Table 218-1, Unit: % z o — | = " L
Reduction 8 50 /W{ / o 50 2000);;(
ratioc 50 80 100 £ W &
Size L w 3500¢9m
14 0.0 3.1 0.0 40 40
17 3.0 2.3 0.4
20 2.4 2.3 1.8 30 30
25 -0.3 1.8 -0.1 0~3% 0~3%
32 1.4 -0.1 -0.8
40 1.4 0.9 0.0 20 20
50 2.4 -1.9 1.2
10 10
-10 0 10 20 30 40 -10 0 10 20 30 40
CSD-2UF Table 218-2. Unit: % Ambient Temperature (°C) Ambient Temperature (°C)
able -2, Unit: %
Reducti . . . .
- | o 00 Size 17 to 50/ Ratio 50 Size 17 to 50/ Ratio 80, 100
Size Graph 218-3 Graph 218-4
14 0.0 2.9 0.0 100 100
17 1.9 16 0.2
20 1.8 1.9 15 90 90
25 -0.1 1.6 -0.3
32 -1.9 -0.3 -0.9
80 80 —
40 1.7 -1.0 -0.1 | —T
— 500
500 // /Pm’/
70 / 10 _/ 70 1000rpm
S 20005 | — S 2%
< 60 < 60
e M %) 350
2 o)
S 50 S 50
= =
w w
40 40
30 0~3% 30 a=3%
20 20
10 10
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
*The values in this graph are average values (X). 0=20%

Efficiency characteristics

The efficiency varies depending on the following conditions:
* Reduction ratio

« Input rotational speed

* Load torque

» Temperature

» Lubrication (Type of lubricant and the quantity)

H Efficiency compensation coefficient

Efficiency compensation calculation formula

Calculate the efficiency by the "Efficiency compensation
coefficient by load torque" and the "Efficiency compensation
amount by the size" from the following formula:

Calculation Formula

Efficiency n=Ke x (Nr+ Ne) |

Measuring condition

Measurement by building the recommended built-in precision into

Built-in the product

Load torque | The rated torque shown in the ratings (see the Page 211)

* When load torque is smaller than rated torque, the efficiency value gets low.
See “Efficiency compensation coefficient”

Name Harmonic Grease® SK-1A (sizes 20 or larger)
Lubrication Gr.eas.e Harmonic Grease® SK-2 (sizes 14, 17)
lubrication Application ] . i
GUETE Appropriate application quantity

Symbols of the calculation formula

n Efficiency
Efficiency compensation .
Ke B Graph 218-1, 2
Na Efficiency at rated torque Graphs 218-1 to 218-4
ne Efficiency compensation amount Table 218-1, 2
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Gear Unit CSD N
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H Efficiency compensation coefficient c
due to load torque B CSD-2UF o
Q
When load torque is lower than rated torque, £
efficiency drops. Determine the compensation Size 14/ Ratio 50 Size 14/ Ratio 80, 100 ?
coefficient Ke in the graphs below, and then 100 Graph 219-1 100 Graph 219-2 w
refer to the efficiency compensation
calculation formula to determine efficiency. 90 90
CSD-2UH 80 80
o 1 70 70 |
X L] . . —
o 09 —~ 2 500rpm —— & W// 2
5 08 - = 60 — < 60 i ®
3 o7 3 100 3 / n
5 0.6 2 /ﬁ:mr// 3 2000 / / -
2 o o 50 /yf S 50 c
c 05 = 3501 = Q
§ o0 / i /umm/ ] SW Q
g 40 40 o
5 03 Q
g o2 £
8 o1 8 0R3% 8 0R3% Q
0 (&)
0 01 02 03 04 05 06 07 08 09 1 20 20
Torque ratio a
10 10
-10 0 10 20 30 40 -10 0 10 20 30 40
CSD-2UF Ambient Temperature (°C) Ambient Temperature (°C)
g 1 —— Size 17 to 40/ Ratio 50 Size 17 to 40/ Ratio 80, 100 _
9 o Graph 219-3 Graph 219-4
€ = 100 100
o8 = 2]
gor =
5 c
g g.e 90 90 S
c 05 —
ke y 4 ®©
F 04 80 80 o
203 / | —1
- 500 [ — O
ﬂé_ 0o 70 5%@/; 70 /"DD“ L —
8 0.1 100 b /
o }
% 0.1 02 03 04 05 06 07 08 09 1 & /ﬁ// £ 20 |
Torque ratio a ? M § %0
() ()
Note: When the load torque is greater than the rated g 50 g 50
torque the efficiency compensation coefficient Ke = 1. ] ]
40 40
» opa% » oa% [
20 20 (2]
S
(2]
-
10 10 [}
-10 0 10 20 30 40 -10 0 10 20 30 40 2
Ambient Temperature (°C) Ambient Temperature (°C) 3
*The values in this graph are average values (X). 0=20% g
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Checking output bearing

A precision cross roller bearing is built in the gear unit to directly
support the external load (output flange).

Check the maximum moment load, life of the bearing and static
safety coefficient to fully bring out the performance of the unit type.
See Page 030 to 034 of "Engineering data" for each calculation
formula.

Hl Checking procedure

(1) Checking the maximum moment load (Mmax)

Calculate the maximum moment load (Mmax). »{ Maximum moment load (Mmax) < allowable moment (Mc)

(2) Checking the life

’ Calculate the radial load (Frav) and the average axial load (Faav). M Sggf?;i?:;“tﬂ; radial load coefficient (x) and the axial load »{ A ——

(3) Checking the static safety coefficient

’ Calculate the static equivalent radial load coefficient (Po). M Check the static safety coefficient. (fs)

H Output bearing specifications

The specifications of the cross roller bearing are shown in Table 220-1 and -2.

H CSD-2UH Table 220-1
Pichoicle da.  Offset Basic rated load Allowable momentload Mc ~ Moment stiffness Km  Allowable axial ~ Allowable
dp R Basic dynamic rated load C  Basic static rated load Co x10* kgfm loadFa  radial load Fr
Nm kgfm .
m m x102N kgf x102N kgf Nm, rad ./ arc-min x102N x102N
14 0.035 0.0095 47 480 60.7 620 41 4.2 4.38 1.3 10.1 6.74
17 0.0425 0.0099 52.9 540 75.5 770 64 6.5 7.75 23 113 7.58
20 0.050 0.0102 57.8 590 90 920 91 9.3 12.8 3.8 124 8.28
25 0.062 0.0130 96.0 980 151 1540 156 16 24.2 7.2 20.5 13.8
32 0.080 0.0144 150 1530 250 2550 313 32 53.9 16 321 215
40 0.096 0.0151 213 2170 365 3720 450 46 91 27 45.6 3.05
50 0.119 0.0192 348 3550 602 6140 759 77 17 51 74.4 4.99
Hl CSD-2UF Table 220-2
FEIEERE, Basic rated load Allowable moment load Mc ~ Moment stiffness Km  Allowable axial  Allowable
dp Basic dynamic rated load C Basic static rated load Co x10% kgfm loadFa  radial load Fr
Nm kgfm .
m x102N kgf x102N kgf Nm/rad /arc-min x102N x102N
14 0.050 0.0118 57.8 590 90 920 91 9.3 12.8 3.8 124 8.28
17 0.060 0.0123 104 1060 163 1670 124 12.6 15.4 4.6 22.2 14.9
20 0.070 0.0128 146 1490 220 2250 187 191 25.2 7.5 31.2 20.9
25 0.085 0.0134 218 2230 358 3660 258 26.3 39.2 11.6 46.6 31.2
32 0.111 0.0168 382 3900 654 6680 580 59.1 100 29.6 81.7 54.7
40 0.133 0.0215 433 4410 816 8330 849 86.6 179 53.2 92.6 62.0
(Note)

* The basic dynamic rated load is the static radial load needed to result in a basic dynamic rated life of one million rotations.

* The basic static rated load is the static load that produces a contact stress of 4 kN/mm2 in the center of the contact area between the rolling element
receiving the maximum load.

* The moment stiffness value is an average.

* Allowable moment load is the maximum moment load that may be applied to the output shaft. Please adhere to these values for optimum performance.
Moment stiffness is a reference value. The minimum value is approximately 80% of the displayed value.

* Allowable axial or radial load is the value that satisfies the reducer life when either a radial load or an axial load is applied to the main shaft. (When radial
load is Lr+R=0mm, and axial load is La=0mm)



Gear Unit CSD

put bearing and sing tolerances

Input:  Wave generator
Output: Circular spline
Fixed: Flexspline

H CSD-2UH Fig. 221-1

@)

7773
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[7]e]
Z/ z ; ; /
Table 221-1
Unit: mm
Symbol Size 14 17 20 25 32 40 50
a 0.010 0.010 0.010 0.015 0.015 0.015 0.018
b 0.010 0.012 0.012 0.013 0.013 0.015 0.015
c 0.007 0.007 0.007 0.007 0.007 0.007 0.007
d 0.010 0.010 0.010 0.010 0.010 0.015 0.015
e 0.025 0.025 0.025 0.035 0.037 0.037 0.040
Hl CSD-2UF Fig. 221-2
#|d
1
o) G
EQJ
7 a] g
O
[[c]
277477,7/ Er
Table 221-2
Unit: mm
Symbol Size 14 17 20 25 32 40
a 0.010 0.010 0.010 0.015 0.015 0.015
b 0.010 0.010 0.010 0.010 0.013 0.013
c 0.010 0.010 0.010 0.010 0.013 0.013
d 0.010 0.010 0.010 0.010 0.013 0.013
e 0.031 0.031 0.031 0.041 0.047 0.047
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®
o
2
= Recommended tolerances for assembly
[<}]
“c’ For peak performance of the gear, it is essential that the following tolerances be observed when assembly is complete.
‘D Pay careful attention to the following points and maintain the recommended assembly tolerances to avoid grease leakage.
1
» Warping and deformation on the mounting surface
+ Contamination due to foreign matter
« Burrs, raised surfaces and location around the tap area of the
mounting holes
- Insufficient chamfering on the mounting pilot joint
- Insufficient radii on the mounting pilot joint
I
] Recommended Tolerances for Assembly Fig. 222-1
[«}]
(72}
-t
o CSD-2UH CSD-2UF
c
o
£
Case mating face
S [4]
o L] a [A] -
A
3 3
g9 - EQ
€c - £c
I 85 m 85
e ={lioge &3
£ v 1151
c 1 _
>
5 L] b [A]
Q Wave generator Wave generator
(&) mounting face mounting face
O] ¢ [A]
Recommended shaft Recommended shaft
tolerance h6 tolerance h6
Table 222-1
Tolerances for Assembly CSD-2UH Unit: mm
Symbol Size 14 17 20 25 32 40 50
a 0.011 0.015 0.017 0.024 0.026 0.026 0.028
[ ] b 0.008 0.010 0.012 0.012 0.012 0.012 0.015
dc 0.016 0.018 0.019 0.022 0.022 0.024 0.030
&
2 Table 222-2
g Tolerances for Assembly CSD-2UF Unit: mm
T symbol  SiZ® 14 17 20 25 32 40
< a 0.011 0.015 0.017 0.024 0.026 0.026
3 b 0.008 0.010 0.012 0.012 0.012 0.012
2 ¢c 0.016 0.018 0.019 0.022 0.022 0.024
o
|
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S
[e]
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=
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Gear Unit CSD

Installation and transmission torque

Fig. 223-1
CSD-2UH CSD-2UF
Case side
Output flange side
Case side
Output flange side
H Installation on output flange side and resulting transmission torque
Hl CSD-2UH Table 223-1
e Size 14 17 20 25 32 40 50
Number of bolts 10 8 8 8 10 10 10
Bolt size M3 M5 M6 M8 M8 M10 M12
Pitch circle mm 25 27 34 42 57 72 88
Bolt tightening torque Nm 2.4 10.8 18.4 44 44 74 128
Torque transmission Nm 50 122 217 486 824 1665 2933
capacity (bolt only)
l CSD-2UF Table 223-2
ltem Size 14 17 20 25 32 40
Number of bolts 8 10 8 8 8 12
Bolt size M3 M3 M4 M5 M6 M6
Pitch circle mm 42 50 60 73 96 116
Bolt tightening torque Nm 24 24 5.4 10.8 18.4 18.4
Torque transmission Nm 70 104 167 329 765 1109
capacity (bolt only)
H Bolt connection to case side and resulting transmission torque
Hl CSD-2UH Table 223-3
e Sirs 14 17 20 25 32 40 50
Number of bolts 6 10 12 18 18 18 22
Bolt size M3 M3 M3 M3 M4 M5 M6
Pitch circle mm 49 56 64 79 104 117.5 147
Bolt tightening torque Nm 2.4 2.4 2.4 2.4 5.4 10.8 18.4
Torque transmission Nm 43 82 112 207 461 833 1804
capacity (bolt only)
B CSD-2UF Table 223-4
e Size 14 17 20 25 32 40
Number of bolts 6 8 8 10 10 10
Bolt size M3 M3 M3 M4 M5 M6
Pitch circle mm 64 74 84 102 132 158
Bolt tightening torque Nm 2.4 2.4 2.4 5.4 10.8 18.4
Torque transmission Nm 80 123 140 359 743 1259
capacity (bolt only)

(Table 223-1 to 223-4/Notes)
. The material of the thread must withstand the clamp torque.
. Recommended bolt: JIS B 1176 socket head cap screw / Strength range : JIS B 1051 over 12.9
. Torque coefficient: K=0.2
Clamp coefficient: A=1.4
. Tightening friction coefficient p=0.15

[SIFNEAN G
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Gear Unit CSD

Grease lubrication is standard for the CSD-2UH and CSD-2UF.
There is no need to add or apply grease upon installation since
the products are shipped with the grease applied.

See table below for recommended housing dimensions. These CSD-2UH
dimensions must be maintained to prevent damage to the gear
and to maintain a proper grease cavity.

Fig. 224-1

CSD-2UF
a
R -

,777477
LII:
EQZI

E: n‘

=2

Bl Recommended housing dimensions Table 224-1
Unit: mm
— Size 14 17 20 25 32 40 50
a* 1 1 1.5 1.5 2 25 35
a* 3 3 45 45 6 75 10.5
Db 16 26 30 37 37 45 45

*For the wave generator facing downward

**For the wave generator facing upward

When you use the wave generator facing upward or downward (see page 048), fill the space between the wave generator and input
cover (gap with the motor flange) with grease.

H Compatible grease by size

Compatible grease varies depending on the size and reduction
ratio. See the following compatibility table. We recommend SK-1A
and SK-2 for general use.

See "Engineering data" on Page 016 for details for grease.

Compatible grease Table 224-2
Size 14 17 20 25 32 40 50
SK-1A — — O O O O O
SK-2 O O A A A A A
4BNo.2 | [J O O O O O |

O mark: Standard grease
/\ mark: Semi-standard grease
[ mark: Recommended grease for long life and high load

The following sealing mechanism is required to prevent grease for the unit type

leakage and maintain the high durability of the gear.
Area requiring sealing

Sealing area and the recommended sealing method

Table 224-3

Recommended
sealing method

+ Rotating Parts ---eeeeeeeemeennenennnns Qil seal (with a spring). Pass-through hole in the center ' , '
Surface should be smooth of the output flange and the Use O-ring (supplied with the
(no scratches) Output | output flange mating face product)

* Mating flange O-ring and seal a_dhes_ive- . side Mounting screw area Screw lock agent with sealing effect
Take care regarding distortion (Loctite 242 is recommended)
on ?he _plane and how the Flange mating face Use O-ring (supplied with the product)
O-ring is engaged.

» Screw hole area ...Screws should have a thread Input
lock (Loctite 242 is side Motor output shaft

recommended) or seal

Please select a motor which has an
oil seal on the output shaft.

adhesive.
(Note) If you use Harmonic Grease® 4BNo.2 lubrication, strict sealing is required.



Application

Bending and twisting drive of the wrist for a vertical multijoint robot Fig. 2251
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Appearance example when using CSF of same size
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SHG/SHF Series
GearUnit SHG/SHE

Features

Ordering code

Technical data
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Gear Unit SHG/SHF

Features

Hollow shaft (2UH) Simplicity unit (2SO/2SH)

Configurations

The SHG/SHF gearheads are available in 4 variations allowing
the customer to choose the best configuration for their
application.

B Large-diameter hollow shaft: (2UH)
B Input shaft (2UJ)
W Easier to use: Simplicity unit (2S0)
Hollow shaft simplicity unit (2SH)

Structure of the SHG/SHF series gear unit

SHG/SHF series gear units

The SHG/SHF series gear unit is an easy-to-use gearhead solution.
An accurate, highly rigid cross roller bearing is built in to directly
support the external load.

Features

B Zero backlash

H Large bore with hollow through hole (2UH)
H Input shaft option available (2UJ)

B Flat shape, compact and simple design

M High-torque capacity

Hl High stiffness

H High-positional and rotational accuracies
H Coaxial input and output

Series

SHG: high torque

« Torque capacity has been improved by 30% compared to the SHF
series.

* The life has been improved by 43% (10,000 hours) compared to the
SHF series.

SHF: standard torque

+ Reduction ratio of 30:1 added for high speed.

+ Lightweight versions available, up to 20% lighter than standard
models.

CRB CRB inner ring
Output shaft "1 2 Circular spline
o Output shaft
Input shaft
— Wave
@) generator
Flexspline
CRB outer ring
| Hollow shaft 2UH) |
CRB CRB inner ring
R——>}
1 Circular spline
i (fixed part)
Flexspline
(output shaft)
| Wave generator
(input shaft)
Retaining bolt '_— i ;EElL CRB outer ring
S
| Simplicity unit (2S0) |

Fig. 228-1
CRB CRB inner ring
Output shaft 7 Circular spline
a
M = s Output shaft
Input shaft i m— ]
H Wave
generator
Flexspline —
T CRB outer ring
Input shaft (2UJ) |
CRB inner ring
CRB
Circular spline
(fixed part)
Flexspline
(output shaft)
Wave generator
(input shaft)
+ = .
Retaining bolt CRB outer ring
Hollow shaft simplicity unit (2SH) |
* CRB: Cross roller bearing




Gear Unit SHG/SHF

Comparison between SHG/SHF series and CSF series Graph 229-1
Rated torque
150%
Input inertia Peak torque at start/stop
Stiffness Momentary peak torque
Capacity Ratcheting torque
Rated life Buckling torque ~—{—— SHG series
—ll— SHF series
Ordering Code
SHG -25-100-2UH - SP
\ \ \ \ v Table 229-1

Series Special specification
14 50 80 100 — —
17 50 80 100 120 = 2A-GR =Component set
20 50 80 100 120 160 ﬁA'S)fOF sizes LW = Lichtwaiaht

3 = Lightweig
25 50 60 100 20 60 2UH = Hollow shaft SP = Special specification
sHG 32 50 80 100 120 160 2UJ=  Input shaft code

40 50 80 100 120 160 280 = Simplicity unit
45 50 80 100 120 160 (Std. structure ) Blank = Standard product
50 — 80 100 120 160 28H = Simplicity unit
58 — 80 100 120 160 (Hollow shaft)
65 = 80 100 120 160

*1: The reduction ratio value is based on the following configuration: Input: wave generator, fixed: circular spline, output: flexspline

SHF -25-100-2UH - SP

-
-

v

v v Table 229-2

Series Special specification

1172 — 50 — 100 — —

14 30 50 80 100 — — 2A-GR =Component set

17 30 50 80 100 120 — (24A-R )for sizes

14,17 ) )
% | s | 0 | 8o | 100 | 1e0 | deo | 2UH= Folowsnat B = S atoas
SHF 20J= Input shaft = Special specification

32 30 50 80 100 | 120 | 160 2SO0 = Simplicity unit code

40 — 50 80 100 | 120 | 160 (Std. structure )

45 - 50 80 100 | 120 | 160 | 2SH= Simplicity unit Blank = Standard product

50 — 50 80 100 | 120 | 160 (Hollow shaft)

58 — 50 80 100 | 120 | 160

*1: The reduction ratio value is based on the following configuration: Input: wave generator, fixed: circular spline, output: flexspline
*2: Size 11 is only available in SHF-2UH
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T Rating table
B SHG series Table 230-1
Limit for - o . - .
Rated torque at K Limit for Limit for momentary Maximum input Limit for average
2000rpm repetzt:qclij:ea average torque peak torque speed (rpm) input speed (rpm)
Nm kgfm Nm kgfm Nm kgfm Nm kgfm |uGt:ﬁ:§t |uGt:§§:§t
| 50 7.0 0.7 23 2.3 9 0.9 46 47
n 14 80 10 1.0 30 3.1 14 1.4 61 6.2 8500 3500
"&; 100 10 1.0 36 3.7 14 1.4 70 7.2
n 50 21 2.1 44 45 34 3.4 91 9
= 80 29 2.9 56 5.7 35 3.6 113 12
c
Q 7 100 31 3.2 70 7.2 51 5.2 143 15 S S200
S 120 | a1 3.2 70 72 51 52 112 1
o 50 33 3.3 73 7.4 44 4.5 127 13
£ 80 | 44 45 9% 98 61 6.2 165 17
8 20 100 52 5.3 107 10.9 64 6.5 191 20 6500 3500
120 52 5.3 113 1.5 64 6.5 191 20
160 52 5.3 120 12.2 64 6.5 191 20
50 51 5.2 127 13 72 7.3 242 25
80 82 8.4 178 18 113 12 332 34
25 100 87 8.9 204 21 140 14 369 38 5600 3500
120 87 8.9 217 22 140 14 395 40
160 87 8.9 229 23 140 14 408 42
L 50 | 99 10 281 29 140 14 497 51
7 80 153 16 395 40 217 22 738 75
-"é 32 100 178 18 433 44 281 29 841 86 4800 3500
o 120 178 18 459 47 281 29 892 91
S 160 178 18 484 49 281 29 892 91
8 50 178 18 523 53 255 26 892 91
S 80 268 27 675 69 369 38 1270 130
40 100 345 35 738 75 484 49 1400 143 4000 3000
120 382 39 802 82 586 60 1530 156
160 382 39 841 86 586 60 1530 156
50 229 23 650 66 345 35 1235 126
80 407 41 918 94 507 52 1651 168
45 100 459 47 982 100 650 66 2041 208 3800 3000
120 523 53 1070 109 806 82 2288 233
160 523 53 1147 117 819 84 2483 253
80 484 49 1223 125 675 69 2418 247
[ 50 100 611 62 1274 130 866 88 2678 273 5603 S
120 688 70 1404 143 1057 108 2678 273
Q 160 688 70 1534 156 1096 112 3185 325
_8 80 714 73 1924 196 1001 102 3185 325
g 58 100 905 92 2067 211 1378 141 4134 422 3000 2900
-_6- 120 969 99 2236 228 1547 158 4329 441
< 160 969 99 2392 244 1573 160 4459 455
Q 80 969 99 2743 280 1352 138 4836 493
12 100 1236 126 2990 305 1976 202 6175 630
©
< 65 120 1236 126 3263 333 2041 208 6175 630 2500 ke
o 160 1236 126 3419 349 2041 208 6175 630
(Note) 1. Moment of inertia: I:!TGD2
2. See Rating Table Definitions on Page 12 for details of the terms.
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Rating table uﬁ
B SHF series Table 231-1
Limit for o o . . o
Rated torque at e Limit for Limit for momentary Maximum input Limit for average
2000rpm P torqug average torque peak torque speed (rpm) input speed (rpm)
Nm kgfm kgfm Nm kgfm e kgfm |uGt:§§:§t IuGt:ﬁS:t
50 3.5 0.36 8.3 0.85 55 0.56 17 1.73 [ ]
i 100 5 0.51 11 1.12 8.9 0.91 25 2.55 8500 3500 »
30 4.0 0.41 9.0 0.92 6.8 0.69 17 1.7 -5'
1 50 5.4 0.55 18 1.8 6.9 0.70 35 3.6 8500 3500 (7))
80 7.8 0.80 23 2.4 11 il 47 4.8 'E
100 7.8 0.80 28 29 11 1.1 54 5.5 [3)
30 8.8 0.90 16 1.6 12 1.2 30 3.1 g
50 16 1.6 34 3.5 26 2.6 70 71 o
17 80 22 2.2 43 4.4 27 2.7 87 8.9 7300 3500 £
00| 24 24 54 55 39 40 110 11 8
120 24 2.4 54 5.5 39 4.0 86 8.8
30 15 1.5 27 2.8 20 2.0 50 5.1
50 25 25 56 5.7 34 3.5 98 10
20 80 34 3.5 74 7.5 47 4.8 127 13 200 3500
100 40 41 82 8.4 49 5.0 147 15
120 40 4.1 87 8.9 49 5.0 147 15
160 40 4.1 92 9.4 49 5.0 147 15
30 | 27 28 50 5.1 38 3.9 95 97 [
50 39 4.0 98 10 55 5.6 186 19 7
5 80 63 6.4 137 14 87 8.9 255 26 600 3500 "é
s 00| 67 68 157 16 108 1 284 29 S S S
120 67 6.8 167 17 108 1 304 31 j-
160 67 6.8 176 18 108 1 314 32 8
30 54 5.5 100 10 75 7.7 200 20 S
50 76 7.8 216 22 108 11 382 39
= 80 118 12 304 31 167 17 568 58 Py 5T
100 137 14 333 34 216 22 647 66
120 137 14 353 36 216 22 686 70
160 137 14 372 38 216 22 686 70
50 137 14 402 41 196 20 686 70
80 206 21 519 53 284 29 980 100
40 100 265 27 568 58 372 38 1080 110 4000 3000
120 294 30 617 63 451 46 1180 120
160 294 30 647 66 451 46 1180 120 [
50 176 18 500 51 265 27 950 97
80 313 32 706 72 390 40 1270 130 Q
45 100 353 36 755 77 500 51 1570 160 3800 3000 2
120 402 41 823 84 620 63 1760 180 g
160 402 41 882 90 630 64 1910 195 3
50 122 12 715 73 175 18 1430 146 <
80 372 38 941 96 519 53 1860 190 Q
50 100 470 48 980 100 666 68 2060 210 3500 2500 g
120 529 54 1080 110 813 83 2060 210 =
160 529 54 1180 120 843 86 2450 250 o
50 176 18 1020 104 260 27 1960 200
80 549 56 1480 151 770 79 2450 250
58 100 696 71 1590 162 1060 108 3180 325 3000 2200
120 745 76 1720 176 1190 121 3330 340
160 745 76 1840 188 1210 123 3430 350
(Note) 1. Moment of inertia: I_?TGD2 ]
3. See Rating Table Definitions on Page 12 for details of the terms. "
4. Size 11 is only available in 2UH. B
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POSIt nal accuracy See "Engineering data" for a description of terms.

Table 232-1
Ralio o citcation 11 14 17 20 25 32 40 or more
Standard x107rad — 5.8 4.4 4.4 4.4 4.4 —

20 product arc min — 2 15 15 1.5 1.5 —
Special x10rad — — — 29 2.9 2.9 —
product arc min — — — 1 1 1 —

Standard x10™rad 5.8(4.4) 4.4 4.4 2.9 2.9 2.9 2.9
product arc min 2(1.5) 1.5 1.5 1 1 1 1
S0 ormore I cial | xiorad _ 29 29 15 15 15 15
product arc min — 1 1 0.5 0.5 0.5 0.5
Note 1: * The parenthesized value of size 11 indicates the value for reduction ratio 100.
See "Engineering data" for a description of terms.
Table 232-2
Ratio S 1 14 17 20 25 32 40 or more
x10"rad — 8.7 8.7 8.7 8.7 8.7 —
% arc min — 3.0 3.0 3.0 3.0 3.0 —
x10™rad 5.8 5.8 5.8 5.8 5.8 5.8 5.8
0 arc min 2.0 2.0 2.0 2.0 2.0 2.0 2.0
80 or x10"rad 5.8 2.9 2.9 2.9 2.9 2.9 2.9
more arc min 2.0 1.0 1.0 1.0 1.0 1.0 1.0
ee "Engineering data" for a description of terms.
Table 232-3
S Size 4 14 17 20 25 32 40 45 50 58 65
x107rad — 29.1 16.0 13.6 13.6 11.2 — — — — —
30 woseo | — 60 33 28 28 23 - — — — -
x10%rad [ Note 1 17.5 9.7 8.2 8.2 6.8 6.8 5.8 5.8 4.8 —
5° acsec | Note 1 36 20 17 17 14 14 12 12 10 -
x10"rad — 1.2 6.3 5.3 5.3 4.4 4.4 3.9 3.9 2.9 2.9
80 woses| | — 23 13 1 11 9 9 8 8 6 6
x10%rad [ Note 1 8.7 4.8 4.4 4.4 3.4 3.4 2.9 2.9 2.4 2.4
100 arcsec | Note 1 18 10 9 9 7 7 6 6 5 5
x10"rad — — 3.9 3.9 3.9 2.9 2.9 2.4 2.4 1.9 1.9
120 arc sec — — 8 8 8 6 6 5 5 4 4
x10"rad — — — 2.9 2.9 2.4 2.4 1.9 1.9 1.5 1.5
et arc sec — — — 6 6 5 5 4 4 @ 3
Note 1: For size 11, the wave generator is a solid wave generator. See "Engineering data" for details.
See "Engineering data" for a description of terms.
Table 232-4
Size
Symbol 1 14 17 20 25 32 40 45 50 58 65
Nm 0.8 2.0 3.9 7.0 14 29 54 76 108 168 235
T kgim| 0.082 0.2 0.4 0.7 1.4 3.0 5.5 7.8 11 17 24
Nm 2.0 6.9 12 25 48 108 196 275 382 598 843
L kgfm 0.2 0.7 1.2 2.5 4.9 11 20 28 39 61 86
x10°Nm/rad — 0.19 0.34 0.57 1.0 2.4 - — — — —
K gmiarcmn]  — 0056 | 0.10 017 0.30 0.70 - - - - =
x10°Nm/rad — 0.24 0.44 0.71 1.3 3.0 — - = — —
K[ gimaro min — 0.07 0.13 0.21 0.40 0.89 - — - - -
x10°Nm/rad — 0.34 0.67 1.1 21 4.9 — — - - —
Reduction| < kgfmvarc min — 0.10 0.20 0.32 0.62 1.5 - - - - —
'ggo o x10%ad|  — 10.5 1.5 12.3 14 12.1 - - - - -
! arc min — 3.6 4.0 4.1 4.7 4.3 — — — — —
x10™rad — 31 30 38 40 38 — — - - —
8. womin]  — 10.7 102 12.7 13.4 133 - - - - -
x10'Nm/rad|  0.22 0.34 0.81 1.3 25 5.4 10 15 20 31 =
s kgfm/arcmin|  0.066 0.1 0.24 0.38 0.74 1.6 3.0 4.3 5.9 9.3 =
x10*Nm/rad 0.3 0.47 1.1 1.8 3.4 7.8 14 20 28 44 =
& kgfm/arcmin| ~ 0.09 0.14 0.32 0.52 1.0 2.3 4.2 6.0 8.2 13! =
Re:‘:tic;ion K |__xioNmra| 032 0.57 1.3 2.3 44 9.8 18 26 34 54 -
50 ° kgfm/arc min|  0.096 0.17 0.4 0.67 1.3 2.9 5.3 7.6 10 16 =
x107"rad 3.6 5.8 4.9 5.2 5.5 5.5 5.2 5.2 5.5 5.2 =
& arc min 1.2 2.0 1.7 1.8 1.9 1.9 1.8 1.8 1.9 1.8 =
x107"rad 8.0 16 12 15.4 15.7 15.7 15.4 15.1 15.4 15.1 =
& arc min 2.6 5.6 4.2 5.3 5.4 5.4 5.3 5.2 5.3 5.2 =

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.



Engineering Data I

Table 233-1
Symbol Size 1 14 17 20 25 32 40 45 ) 58 65
nm| 0.8 2.0 3.9 7.0 14 29 54 76 108 168 235
T m| 082 02 0.4 0.7 14 30 55 7.8 1 17 24
Nm 2 6.9 12 25 48 108 196 275 382 598 843
& kgim| 0.2 0.7 1.2 2.5 4.9 11 20 28 39 61 86
«10'Nmirad|  0.27 0.47 1 1.6 3.1 6.7 13 18 25 40 54
K kgfm/arcmin| ~ 0.08 0.14 0.3 0.47 0.92 2.0 3.8 5.4 7.4 12 16
«10'Nmirad|  0.34 0.61 1.4 25 5.0 11 20 29 40 61 88
Reduction K: kgfmiarcmin| 0.1 0.18 0.4 0.75 1.5 3.2 6.0 8.5 12 18 26
ratio «10'Nmrad|  0.44 0.71 1.6 2.9 5.7 12 23 33 44 71 98
o fn%re K| gimaromn| 013 0.21 0.46 0.85 1.7 37 6.8 9.7 13 21 29
*10"rad 3 4.1 3.9 4.4 4.4 4.4 41 441 4.4 4.1 4.4
8 arc min 1 1.4 1.3 15 15 15 1.4 1.4 15 1.4 1.5
x10"rad 6 12 9.7 1.3 1.1 11.6 11.1 11.1 1.1 1.1 1.3
8: arcmin| 2.2 4.2 3.3 3.9 3.8 4.0 3.8 3.8 3.8 3.8 3.9
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
See "Engineering data" for a description of terms.
Table 233-2
M SHG series Unit: Nm
Rati S 14 17 20 25 32 ) 45 ) 58 65
50 110 190 280 580 1200 2300 3500 — — —
80 140 260 450 880 1800 3600 5000 7000 10000 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 — 150 310 610 1200 2400 3600 4900 7500 10000
160 — — 280 580 1200 2300 3300 4600 7200 10000
Table 233-3
M SHF series Unit: Nm
i S 11 14 17 20 25 32 40 45 50 58
30 — 59 100 170 340 720 — — — —
50 34 88 150 220 450 980 1800 2700 3700 5800
80 — 110 200 350 680 1400 2800 3900 5400 8200
100 43 84 160 260 500 1000 2100 3100 4100 6400
120 — — 120 240 470 980 1900 2800 3800 5800
160 — — — 220 450 980 1800 2600 3600 5600
See "Engineering data" for a description of terms.
Table 233-4
M SHG series Unit: Nm

Al ratios 180 350 590 1100 2400 4400 6300 8600 13400 18800
Table 233-5
M SHF series Unit: Nm

All ratios 90 140 270 440 890 1750 3750 5400 7500 11800

Gear Unit SHG/SHF
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Gear Unit SHG/SHF

Checking output bearing

A precision cross roller bearing is built in the unit type to directly
support the external load (output flange).

Please calculate maximum moment load, life of cross roller bearing,
and static safety factor to fully maximize the performance of housed
unit (gearhead).

See Pages 030 to 034 of "Engineering data" for each calculation
formula.

H Checking procedure

(1) Checking the maximum moment load (Mmax)

Calculate the maximum moment load (Mmax). »{ Maximum moment load (Mmax) < allowable moment (Mc)

(2) Checking the life

»{ Calculate the radial load coefficient (x) and the axial load

Calculate the radial load (Frav) and the average axial load (Faav).
’ (Frar) Y (Faa) coefficient (y).

M Calculate the lifetime

(3) Checking the static safety coefficient

Calculate the static equivalent radial load coefficient (Po). M Check the static safety coefficient. (fs)

H Output bearing specifications

The specifications of the cross roller are shown in Table 234-1.

Specifications

Pitchcircle  Offset Basic rated load Allowable

dp Basic dynamic rated load  Basic static rated load moment load Mc
C Co

Table 234-1

Moment stiffness Km

x10* Nm/rad

kgfm/arc min

m x10°N kgf x10°N kof Nm kgfm
11 0.043 0.018 540 770 74 6.5 1.8
14 0.050 0.0217 58 590 86 880 74 7.6 8.5 2.5
17 0.060 0.0239 104 1060 163 1670 124 12.6 15.4 4.6
20 0.070 0.0255 146 1490 220 2250 187 19.1 25.2 7.5
25 0.085 0.0296 218 2230 358 3660 258 26.3 39.2 11.6
32 0.111 0.0364 382 3900 654 6680 580 59.1 100 29.6
40 0.133 0.044 433 4410 816 8330 849 86.6 179 53.2
45 0.154 0.0475 776 7920 1350 13800 1127 115 257 76.3
50 0.170 0.0525 816 8330 1490 15300 1487 152 351 104
58 0.195 0.0622 874 8920 1710 17500 2180 222 531 158
65 0.218 0.072 1300 13300 2230 22700 2740 280 741 220

* The basic dynamic rated load is the static radial load needed to result in a basic dynamic rated life of one million rotations.

* The basic static rated load is the static load that produces a contact stress of 4 kN/mm2 in the center of the contact area between the rolling element

receiving the maximum load.
* The moment stiffness value is an average.

* Allowable moment load is the maximum moment load that may be applied to the output shaft. Please adhere to these values for optimum performance.

Moment stiffness is a reference value. The minimum value is approximately 80% of the displayed value.

* Allowable axial or radial load is the value that satisfies the reducer life when either a radial load or an axial load is applied to the main shaft. (When radial

load is Lr+R=0mm, and axial load is La=0mm)




Output bearing and housing tolerances

M Flexspline fixed
Input:  Wave generator
Output: Circular spline
Fixed: Flexspline

Gear Unit SHG/SHF

Hollow Shaft (2UH) Fig. 235-1  Input shaft (2UJ) Fig. 235-2
DX O FIX
1
Fixed
Input
Input
| = Lere
770
Table 235-1
Unit: mm
Size
S 11 14 17 20 25 32 40 45 65
A 0.033 0.033 0.038 0.040 0.046 0.054 0.057 0.057
B 0.035 0.035 0.035 0.039 0.041 0.047 0.050 0.053 0.060 0.063 0.063
¢ 0.053 0.064 0.071 0.079 0.085 0.104 0.111 0.118 0.121 0.121 0.131
D 0.053 0.053 0.050 0.059 0.061 0.072 0.075 0.078 0.085 0.088 0.089
E 0.039 0.040 0.045 0.051 0.057 0.065 0.071 0.072 0.076 0.076 0.082
F 0.038 0.038 0.038 0.047 0.049 0.054 0.060 0.065 0.067 0.070 0.072
M Circular spline fixed
Input:  Wave generator
Output: Flexspline
Fixed: Circular spline
Hollow shaft (2UH) Fig. 235-3  Input shaft (2UJ) Fig. 235-4
i
Fixed Tf
Input _
Output
‘—W}——
‘—WT
7
Table 235-2
Unit: mm
s Size 11 14 17 20 25 32 40 45 50 58 65
ymbol
A 0.027 0.037 0.039 0.046 0.047 0.059 0.060 0.070 0.070 0.070 0.076
B 0.031 0.031 0.031 0.038 0.038 0.045 0.048 0.050 0.050 0.050 0.054
C 0.053 0.064 0.071 0.079 0.085 0.104 0.111 0.118 0.121 0.121 0.131
D 0.053 0.053 0.053 0.059 0.061 0.072 0.075 0.078 0.085 0.088 0.089
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Rotational direction and reduction ratio

The rotational direction and the reduction ratio vary depending on the flange

to be fixed for the unit type.

H Flexspline fixed
Input: Wave generator
Output: Circular spline
Fixed: Flexspline

Output rotational direction:
Same rotational direction as
the input

1

Reduction ratio (i): i=
R+1

M Circular spline fixed
Input: Wave generator
Output: Flexspline

Fixed: Circular spline

Output rotational direction:
Opposite rotational direction
to the input

Reduction ratio (i): i= F1§

Hollow shaft (2UH)

Fig. 236-1  Input shaft (2UJ)

Fig. 236-2

%

Fixed

W

Fixed

Output

(‘

‘ ‘_/>4£‘:_‘__ Output
D «

#

[}
K

.

]

Input |

Hollow shaft (2UH)

Fig. 236-3  Input shaft (2UJ)

Fig. 236-4

Fixed

Output (=
L4
2 1
¥ Il
[ ]
[}
n
[ ]
[ ]
[}
[ | J
1
1
|
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| )
| )
| )
\‘ |
|
Input

g %”J i

Input Output




N ... it SHG/SHF

Design Guide m

The standard lubricant for Harmonic Drive® gear units is Harmonic
Grease SK-1A and SK-2 (Harmonic Grease 4B No.2 for the cross
roller bearing). Harmonic Grease 4B No.2 is also available for
long-life. The specifications of the grease are described on Page
016.

H Sealing mechanism

® Rotating and sliding area -------+-s--e- Oil seal (with a spring). Take
care regarding flaws on the
shaft.

® Flange mating face and mating .....- O-ring and seal adhesive.
Take care regarding the
distortion on the plane and
how the O-ring is engaged.

@ Screw hole area ««----ssssseeesssenseneens Use a screw lock agent
(LOCTITE 242 is
recommended) or seal tape.

(Note) If you use Harmonic Grease 4BNo.2, strict sealing is required.

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The gear
external surfaces typically have only a temporary corrosion inhibitor
and some oil applied. If an anti-rust product is needed, please
contact us to review the options.
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Gear Unit SHG/SHF

Installation accuracy

For peak performance of the gear, it is essential that the following
tolerances be observed when assembly is complete.

Pay careful attention to the following points and maintain the
recommended assembly tolerances.

In addition, perform the appropriate installation according to each series,
because the torque capacity of SHG series is larger than SHF series.

- Warping and deformation on the mounting surface
Contamination due to foreign matter

Burrs, raised surfaces and location around the tap area of the
mounting holes

Insufficient chamfering on the mounting pilot joint

Insufficient radii on the mounting pilot joint

.

Installation and transmission torque

Fig. 238-1
r—1 —1
Side (A) - Side (A)
CIY — L g —
= r— n
-
= Side (B) Side (B)
=== -
SHG series: (A) Side-installation and Torque Transmission Capacity Table 238-1
Size

Item 14 17 20 25 32 40 45 50 58 65
Number of bolts 8 12 12 12 12 12 18 12 16 16

Bolt size M3 M3 M3 M4 M5 M6 M6 M8 M8 M10
Pitch circle mm 64 74 84 102 132 158 180 200 226 258
Clamp

torque Nm 2.4 2.4 2.4 5.4 10.8 18.4 18.4 44 44 74
I;fgﬁ;"‘ssmn Nm 128 222 252 516 1069 1813 3098 4163 6272 9546
SHF series: (A) Side-installation and Torque Transmission Capacity Table 238-2

Size

i 11 14 17 20 25 32 40 45 50 58
Number of bolts 4 8 12 12 12 12 12 18 12 16

Bolt size M3 M3 M3 M3 M4 M5 M6 M6 M8 M8
Pitch circle mm 56.4 64 74 84 102 132 158 180 200 226
Clamp

torque Nm 2.0 2.0 2.0 2.0 4.5 9.0 15.3 15.3 37 37
:;fgjz'ssw” Nm 47 108 186 206 431 892 1509 2578 3489 5236

(Table 238-1, 238-2/Notes)
. The material of the thread must withstand the clamp torque.

. Torque coefficient: K=0.2

. Clamp coefficient: A=1.4

. Friction coefficient on the surface contacted: p=0.15
. Use washers for SHG/SHF-LW.

OO OWN =

. Recommended bolt: JIS B 1176 socket head cap screw / Strength Range: JIS B 1051 12.9 or more



Gear Unit SHG/SHF

SHG series: (B) Side-installation and Torque Transmission Capacity Table 239-1
Size
- 14 17 20 25 32 40 45 50 58 65
Number of bolts 8 16 16 16 16 16 12 16 12 16
Bolt size M3 M3 M3 M4 M5 M6 M8 M8 M10 M10
Pitch circle | mm 44 54 62 77 100 122 140 154 178 195
Clamp Nm 2.4 2.4 2.4 5.4 10.8 18.36 44 44 89 89
torque
I;fgzemissm Nm 88 216 248 520 1080 1867 2914 4274 5927 8658
SHF series: (B) Side-installation and Torque Transmission Capacity Table 239-2
Size
. 11 14 17 20 25 32 40 45 50 58
Number of bolts 6 8 16 16 16 16 16 12 16 12
Bolt size M3 M3 M3 M3 M4 M5 M6 VE] VE] M10
Pitch circle | mm 37 44 54 62 77 100 122 140 154 178
Clamp
torgque Nm 2 2.0 2.0 2.0 45 9.0 15.3 37 37 74
gf;j’e“iss‘m Nm 46 72 176 206 431 902 1558 2440 3587 4910

(Table 239-1, 239-2/Notes)

. The material of the thread must withstand the clamp torque.

. Recommended bolt: JIS B 1176 hexagonal bolt / Strength: JIS B 1051 12.9 or more
. Torque coefficient: K=0.2

. Clamp coefficient A=1.4

. Friction coefficient on the surface contacted: p=0.15

ahwWwN =
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Installation Recommendations

H Installation on the periphery of the oil seal

Install an oil seal on the mounting face so that they have a space of
at least 1 mm between them to avoid interference with each other.

Oil seal s Oil seal it :
L — M L—L )
;@- ] ;E ]

Fig. 240-1

B Manufacturing for Mating Part and Housing

When the housing interferes with corner “A”, an undercut in the
housing is recommended as shown below.
Fig. 240-2

Hollow shaft (2UH) Input shaft (2UJ) Simplicity unit (2SO) Simplicity unit (2SH)

=

Gear Units

. Fig. 240-3
Recommended Housing Undercut Unit: mm

240  HarmonicDrive®




Outline Dimensions (2UH) s —

Outline dimensions (2UH)

You can download the CAD files from our website: harmonicdrive.net

Fig. 241-1
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tolerances not shown on the drawing.

&5
Shape of input part of size 14, 17

6-M3x5 equally spaced

Size 11

12 equally spaced (8)
-M3x5

20 equally spaced (16)
M3x6

5«#«

+
‘ e

Note 1

Size 14

m
*3

Size 17

Note 1: See recommended housing undercut on previous page. The dimension tolerances that are not specified
vary depending on the manufacturing method. Please check the confirmation drawing or contact us for dimension

* Please refer to the confirmation
drawing for detailed dimensions.

Dimensions (2UH) Table 241-1
Unit: mm
Symbol Size 11 14 17 20 25 32 40 45 50 58 65
@A N7 62 70 80 90 110 142 170 190 214 240 276
(pB‘ SHG/SHF Series 45.3 54 64 75 90 115 140 160 175 201 221
l SHG/SHF-LW Series = 52 62 73 88 115 140 160 168 195 213
@Ch7 30.5 36 45 50 60 85 100 120 130 150 160
@D h7 64 74 84 95 115 147 175 195 220 246 284
@EN7 18 20 25 30 38 45 59 64 74 84 96
QFH7 14 14 19 21 29 36 46 52 60 70 80
G 48 52.5 56.5 51.5 55.5 65.5 79 85 93 106 128
H 14 12 12 5 6 7 8 8 9 10 14
| 19 20.5 23 25 26 32 38 42 45 52 56.5
J 15 20 21.5 21.5 23.5 26.5 33 35 39 44 57.5
K 6.5 6.5 6.5 — — — — — — — —
L 8 10 10.5 10.5 12 14 15 16 17 18
\ SHG/SHF Series 6.5 8.5 9 8.5 9.5 13 12 12 15 19.5
\ SHG/SHF-LW Series - 11.5 12 13.5 15.5 20.5 25 27 30 35 42.5
N 6.5 7.5 8.5 7 6 5 7 7 7 7 12
(6] 17.5 21.7 23.9 25.5 29.6 36.4 44 47.5 52.5 62.2 72
oP (P - (2.5) (2.5) 255 33.5 40.5 52 58 67 77 88
Q — 3 6 6 6 6 6 6 8 6
R = M3 M3 M3x6 M3x6 M3x6 M4x8 M4x8 M4x8 M4x8 M5x10
@S 56.4 64 74 84 102 132 158 180 200 226 258
T 4 12 12 12 12 12 18 12 16 16
oU 3.5 3.5 3.5 3.5 4.5 5.5 6.6 6.6 9 9 11
oV 37 44 54 62 77 100 122 140 154 178 195
W 6 12E.A.8 | 20E.A. 16 16 16 16 16 12 16 12 16
SHG/SHF Series M3X5 M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 M8x10 M8x11 M10x15 | M10x15
X $3.4X4 | $3.5x11.5 | $3.5x12 | $3.5x13.5 [ $p4.5x15.5 | $5.5x20.5 | $6.6x25 $9x28 $9x30 $11x35 | p11x42.5
SHG/SHF-LW Series - M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 M8x10 M8x11 M10x15 | M10x15
- $3.5x11.5 | $3.5x12 | $3.5x13.5 | $4.5x15.5 | $5.5x20.5 | $6.6x25 $9x27 $9x30 $11x35 | p11x42.5
QY 36 36 45 — — — — — — — —
Y4 7.5 8.5 5.5 — = = = — - — —
a 6804 ZZ | 6804 ZZ | 6805ZZ | 6806 ZZ | 6808 ZZ | 6909ZZ | 6912ZZ | 69132ZZ | 6915ZZ | 6917 ZZ | 6920 ZZ
b \ SHG/SHF Series 6704 ZZ | 6804 ZZ | 6805ZZ | 6806 ZZ | 6808 ZZ | 6809ZZ | 6812ZZ | 6813ZZ | 6815ZZ | 6817 ZZ | 6820 ZZ
\ SHG/SHF-LW Series - 6804 ZZ | 680577 | 6806 ZZ | 680827 | 680977 | 681277 | 6813277 | 681577 | 6817 ZZ | 682027
c D41.950.95 D49585 [ D59685 D69785 D84945 [ D1101226 | D1321467 | D1521707 | D1681868 | D1932129 | D21623811
d SHG/SHF Series S18274 | S20304.5 [ S25356 S30405 [ S38475 S45607 | S60789 | S658510 | S759510 | S8511012 [ S10012513
SHG/SHF-LW Series - S20304.5 | S25356 S30405 | S38475 S45607 | S60789 | S658510 | S759510 | S8511012 [ S10012513
o SHG/SHF Series S18274 [ S20304.5 [ S25356 S30405 | S38475 S45555 S59685 S59685 | S69785 S84945 | S961128
SHG/SHF-LW Series — S20304.5 | S25356 S30405 [ S38475 S45555 S59685 S59685 | S69785 S84945 | S961128
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Unit: kg
Size
Symbol 1 14 17 20 25 32 40 45 50 58 65
2UH 0.53 0.71 1.00 1.38 2.1 4.5 7.7 10.0 14.5 20.0 28.5
2UH-LW (Lightweight) — 0.55 0.8 1.1 1.6 3.6 6.2 8 11.8 16.4 23.3

Moment of Inertia (2UH)

Table 242-2
Symbol
Moment of I | X10™*kgm’ 0.080 0.091 0.193 0.404 1.070 2.85 9.28 13.8 25.2 49.5 94.1
inertia J | X10°kgfms*| 0.082 0.093 0.197 0.412 1.090 2.91 9.47 14.1 25.7 50.5 96.0
Starting torque (2U H) See "Engineering data" for a description of terms. Please use as reference values; Table 242-3
the values vary based on use conditions. Unit: Ncm
, S 11 14 17 20 25 ) 40 45 ) 58 65
Ratio
30 — 11 30 43 64 112 — — — — —
50 71 8.8 27 36 56 85 136 165 216 297 -
80 — 7.5 25 33 50 74 117 138 179 244 314
100 5.9 6.9 24 32 49 72 112 131 171 231 297
120 — — 24 31 48 68 110 126 165 223 287
160 — — — 31 47 67 105 122 156 213 276
Backdriving torque (2UH) See "Engineering data" for a description of terms. Please use as reference Table 242-4
values; the values vary based on use conditions. Unit: Nm
_ Size 11 14 17 20 25 32 40 45 50 58 65
Ratio
30 — 5.4 17 23 35 57 — — — — —
50 4.6 5.3 16 22 34 51 82 99 129 178 -
80 — 7.2 24 31 48 70 12 133 172 234 301
100 7.6 8.2 29 38 59 86 134 158 205 278 356
120 — — 34 45 69 97 158 182 237 322 413
160 - = - 59 90 128 201 233 299 408 530
No-load running torque
No-load running torque is the torque which is required to rotate the Measurement condition Table 242-5

input side (high speed side), when there is no load on the output side
(low speed side).

Harmonic Grease SK-1A
Lubricant Grease Name )
ubrican Jubrication Harmonic Grease SK-2
Quantity Recommended quantity

Torque value is measured after 2 hours at 2000rpm input.

Hl Compensation Value in Each Ratio

No-load running torque of the gear varies with ratio. No-Load Torque Compensation Taﬂﬁ;zr\ﬁ;ﬁ

The graphs indicate a value for ratio 100. Ratio

For other gear ratios, add the compensation values Size 2 &l e 2 ey

from table on the right. (Table 242-6). 11 — +0.5 - - —
14 +2.6 +1.1 +0.2 = =
17 +4.1 +1.8 +0.4 -0.2 —
20 +5.9 +2.6 +0.5 -0.4 -0.8
25 +9.6 +4.2 +0.8 -0.6 -1.3
32 +18.3 +8.0 +1.5 -1.1 25
40 — +13.3 +2.4 -1.7 -4.0
45 - +18.2 +3.3 -2.4 -5.5
50 — +23.9 +4.3 -3.1 7.2
58 = +34.6 +6.2 -4.4 -10.3
65 — — +8.1 -5.8 -13.7




M No-load running torque (2UH)

SHF-11 Ratio: 50

60 Graph 243-1
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SHG/SHF-14 to 65 Ratio: 100
Input speed: 500rpm

Graph 243-3
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SHG/SHF-14 to 65 Ratio: 100
Input speed: 2000rpm

Graph 243-5
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SHF-11 Ratio: 100

60 Graph 243-2
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SHG/SHF-14 to 65 Ratio: 100
Input speed: 1000rpm

Graph 243-4
10000
1000 N
€
(5}
< 65
2 [ ——1s8
<3 [ ——50
S T~ R — 45
> 100 40 S
£ 7]
c 32
2 25
kel
® 20
° Y
2 10
14
1
-10 0 10 20 30 40
Ambient Temperature (°C)
SHG/SHF-14 to 65 Ratio: 100
Input speed: 3500rpm
Graph 243-6
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*The values in this graph are average values (X). 0=20%
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Efficiency (2UH)

The efficiency varies depending on the following conditions.

M Reduction ratio

W Input rotational speed
M Load torque

B Temperature

Measurement condition

Table 244-1

Installation Based on recommended tolerance

Load

torque The rated torque shown in the rating table (see page 230 and 231)

M Lubrication (Type and quantit Harmonio Grease SK-1A
(Typ q y) Lubricant |  Grease Name Harmonic Grease SK-2
lubrication
Quantity | Recommended quantity
H Efficiency at rated torque
SHF-11 Ratio 50 SHF-11 Ratio 100
Graph 244-1 Graph 244-2
90 90
80 80
70 70
< 60 500rpm & 60
s 50 ——1 1000rpm S 50 0
> 2000rpm > rpm
g 40 % 3500rpm g 40 | —T— 1000pm
= = 2000rpm
o o
& & 3500
& 30 s & 30 | ostom
20 20
10 10 Zll
0 0
-10 O 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
SHG/SHF-14 to 65 SHG/SHF-14 to 65 SHG/SHF-14 to 65
Ratio 30 Ratio 50, 80, 100, 120 Ratio 160
h 244-3 h 244-4 h 244-5
100 Grap! 100 Grap 100 Grap
90 90 90
80 80 80
/
70 — 70 W 70
X S 9
E o WU‘ / E . o / / g o st / /
f f C
£ 50 £ 50 £ 50
« 20005 “ W “ W /
40 = 40 %0 g
30 0r3% 80 0x=3% 30 0x=3%
20 20 20
10 10 10
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Ambient Temperature (°C)

-10 0 10 20 30 40
Ambient Temperature (°C)

*“The values in this graph are average values (X). 0=20%

10 0 10 20 30 40
Ambient Temperature (°C)




M Efficiency compensation coefficient and compensation amount

Gear Unit SHG/SHF

Efficiency compensation coefficient by load torque

When the load torque is lower than the rated torque, the efficiency

Efficiency compensation 2UH

Graph 245-1

value decreases. Calculate the compensation coefficient Ke from
Graphs 245-1 and 245-2.

* When the load torque is higher than the rated torque, efficiency compensation value
Keis 1.

Compensation coefficient Ke

1.0

0.9

0.8

0.7

0.6

0.5

500 rpm
1000 rpm
2000 rpm

3500

0.4
0.3

pm

0.2

0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0
Torque ratio

Efficiency compensation amount by size

The unit type is equipped with a supporting bearing and oil seal on Efficiency compensation 2UH Graph 245-2
the input side. The degree of impact varies depending on the size.
Calculate the compensation amount for efficiency at the rated S
torque using the size from Graph 245-2. 2 1.0 i
<
€ R=30 ;5;?/
3 =50 [_1—1
] . 1 L
€ _ygl_R=80.100
& R=120.160
c
S
k]
[}
s -20
2 141720 25 32 40 45 50 58 65
£ Size
(¢}
Efficiency compensation calculation formula
Calculate the efficiency by the "Efficiency compensation coefficient Symbols of the calculation formula Table 245-1

by load torque" and the "Efficiency compensation amount by the
size" from the following formula. n

Efficiency

Ke

Efficiency compensation See Graph 245-1

Calculation formula Formula 245-1

nR

Efficiency n= Ke x (W\r+mne)

coefficient
Efficiency at therated | see Graph 244-1 through 244-5.
orque
Efficiency compensation See Graph 245-2
amount |
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Gear Unit SHG/SHF

Continuous Operating Time (2UH)

The internal temperature rises due to the effect of the oil seal
and the supporting bearing used for the input shaft (high-speed
rotation side) for SHF-2UH. Observe the operating time shown in
Table 246-2 for continuous operation.

The operating time shown in Table 246-2 is calculated based on
the time required for the temperature inside the unit to rise to
80°C and for the oil seal temperature to rise to 100°C. Take care
not to exceed the temperature given above in conducting
continuous operation. The following review will be necessary if
the temperature exceeds the value given above. Contact us in
such an event.

@ Change of timing to replace lubricant

@ Change of lubricant

@ Measures against lubricant leakage accompanied by the
pressure rise inside the unit

@ Measures against deterioration due to heat on the oil seal
area

Setting condition Table 246-1
OellclsR Il ol 25°C (ambient)
Inputrotational speed | [F-Xe]o[o o))

Installation of

Fix the flexspline. Output on the circular spline.

the unit

Continuous operating time Table246-2

Operating time

Continuous operating =~ Continuous operating
time at no-load time at the rated load

operation (min) (min)
11 90 60
14 90 60
17 90 60
20 90 60
25 60 45
32 45 85
40 40 30
45 35 25
50 30 20
58 20 15
65 15 10

* Contact us as the continuous operating time may vary significantly depending
on the operating condition.




Gear Unit SHG/SHF

Performance Data for the Input Bearing for Hollow Shaft (2UH)

The Hollow Shaft incorporated in the SHF-2UH unit is supported by two
deep groove single row ball bearings. For peak performance of the
SHF-2UH it is essential that the following specifications for input bearing be
observed. the input part to fully bring out the performance of the unit type.
Figure 247-1 shows shows the points of application of forces. See Table
247-1 for the size of (a) and (b). Graphs 247-1 and 247-2 show the relation
between the maximum allowable radial and axial loads.

The values in Graph 247-1 and 247-2 are those assuming that the average
input rotational speed is 2,000 rpm and the basic rated life, L10, is 7,000
hours.

Example: If the hollow shaft of a SHF-40-2UH unit is subjected to an
axial load of 500 N. The maximum allowable radial force will be 400 N.

Input bearing specifications

Table 247-1

Bearing A Bearing B
Maximum
Basic dynamic  Basic static Basic dynamic Basic static radial load
Model rated load rated load Model rated load rated load
Cr(N) Cor (N) cr(N) Cor (N) Fr(N)
11 680422 4000 2470 670422 1400 720 25.7 15.5 —
14 6804727 4000 2470 680427 4000 2470 27 16.5 230
17 680527 4300 2950 680522 4300 2950 29 17.5 250
20 6806272 4500 3450 680622 4500 3450 27 15.5 275
25 680822 4900 4350 680822 4900 4350 29.5 16.5 250
32 690927 14100 10900 680922 5350 5250 33 23 770
40 691227 14300 16400 681227 11500 10900 39.5 275 1060
45 691322 17400 16100 681322 11900 12100 44 28.5 900
50 6915272 24400 22600 681522 12500 13900 49 31.5 1370
58 691722 32000 29600 681722 18700 20000 56.2 36.5 1720
65 692027 42500 36500 682022 19600 21200 67 445 2300
Fig 247-1  Size 32 to 65 Graph 247-2
2500
Bearing A — Bearing B
12N E
i 7 \
Fa +
2000 \
58
43;,,
Fa: Axial load (N) b a
Fr: Radial load (N) - 1500 \
= 50
5N
: i
Size 11 to 25 Graph 247-1 =
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Outline Dimensions (2UJ))

Outline Dimensions (2UJ)

You can download the CAD files from our website: harmonicdrive.net

Fig. 248-1
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Size 14 Size 17 See recommended housing undercut on
page 240 for details.
Sizeclz:‘f?gsr;tﬁ:pm * Zzzﬁggﬁ%‘;;Ii":)zenrs:f)nfirmation drawing for
Dimensions (2UJ) Table 248-1
Unit: mm
Symbol = 14 17 20 25 32 40 45 50 58 65
PA h7 70 80 90 110 142 170 190 214 240 276
B 54 64 75 90 115 140 160 175 201 221
¢C h7 36 45 50 60 85 100 120 130 150 160
¢D h7 74 84 95 115 147 175 195 220 246 284
¢E h6 6 8 10 14 14 16 19 22 22 25
F 50.5 56 63.5 72.5 84.5 100 108 121 133 156
G 15 17 21 26 26 31 31 37 37 42
H 20.5 23 25 26 32 38 42 45 52 56.5
| 15 16 17.5 20.5 26.5 31 35 39 44 57.5
J 14 16 20 25 25 30 30 35 35 40
K 9 10 10.5 10.5 12 14 15 16 17 18
L 8 8.5 9 8.5 9.5 13 12 12 15 19.5
M 2.5 3 3 3 5 5 7 7 7 12
N 21.7 23.9 25.5 29.6 36.4 44 47.5 52.5 62.2 72
O 11 12 16.5 225 225 275 28 33 33 39
P = = 8.2 84 11 84 11 84 13 84 15.5 84 18.5 § 18.5 84 21 84
Q 05 0.5 3 g 025 5 rg.nﬂﬂ 5 r% 030 5 r%.ﬂim 6 rg,DGO 6 rgmn 6 78,030 7 78,056
R — - 3 Boes 5 B 5 8o 5 B 6 B0 6 Boso 6 B0 8 Bow
S — — M3x6 M5x10 M5x10 M5x10 M6x12 M6x12 M6x12 M8x16
T 64 74 84 102 132 158 180 200 226 258
U 8 12 12 12 12 12 18 12 16 16
PV 3.5 3.5 3.5 4.5 5.5 6.6 6.6 9 9 11
[ 44 54 62 77 100 122 140 154 178 195
X 12E.A.8 | 20E.A. 16 16 16 16 16 12 16 12 16
Y M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 M8x10 M8x11 M10x15 | M10x15
$3.5x11.5 | $3.5x12 | $3.5x13.5 | $4.5x15.5 | $5.5x20.5 | $6.6x25 $9x28 $9x30 $11x35 | Pp11x42.5
a 698 ZZ 6900 ZZ | 6902 ZZ | 6002 ZZ | 6004 ZZ | 6006 ZZ | 6206 ZZ | 6207 ZZ | 6208 ZZ | 6209 ZZ
b 695 27 697 Z2Z 698 ZZ 6900 ZZ | 6902 ZZ | 6003 ZZ | 6004 ZZ | 6005ZZ | 6006 ZZ | 6007 ZZ
[ D49585 D59685 D69785 D84945 | D1101226 | D1321467 | D1521707 | D1681868 | D1932129 | D21623811
d G8184 D10205 D15255 D15255 D20355 D30457 D30457 D35557 D40607 D45607




Mass (2UJ) Table 249-1
Unit: kg

Mass (kg) 0.66 0.94 1.38 2.1 4.4 7.3 9.8 13.9 19.4 26.5

Table 249-2

Symbol

Moment of x10"'kgm®
inertia J_ | x10°kgfms® 0.026 0.060 0.140 0.327 1.22 3.48 5.92 10.2 20.9 36.2

Starting torque (2UJ)

See "Engineering data" for a description of terms. Please use as reference values; Table 249-3

the values vary based on use conditions. Unit: Ncm
s Size 14 17 25 45 50 58 65
30 6.8 11 26 = — — -
50 5.7 9.7 14 22 41 72 94 125 178 —
80 4.4 7.2 11 15 29 52 68 88 125 163
100 3.7 6.5 9.9 14 27 47 60 80 113 147
120 — 6.2 9.3 13 24 44 55 74 105 137
160 — — 8.6 12 23 39 50 66 94 122
Backdriving torque (2UJ) See "Engineering data" for a description of terms. Please use as reference Table 249-4
values; the values vary based on use conditions. Unit: Nm
_ Siee 14 17 20 25 32 40 45 50 58 65
Ratio
30 3.5 5.9 10 16 31 - - = — -
50 3.4 5.8 8.4 13 25 43 56 75 107 -
80 4.2 6.9 10 15 28 50 65 85 120 154
100 4.5 7.8 12 17 33 56 72 96 135 176
120 — 8.9 13 19 34 63 79 106 151 198
160 — — 17 23 43 75 96 126 181 235

Gear Unit SHG/SHF
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Gear Unit SHG/SHF

No-load running torque (2UJ)

No-load running torque is the torque which is required to rotate the =~ Measurement condition Table 250-1
input side (high speed side), when there is no load on the output side Ratio 100
(low speed side).

N Harmonic Grease SK-1A
Lubricant Iu(s:s:zfiin ame Harmonic Grease SK-2
Quantity Recommended quantity

Torque value is measured after 2 hours at 2000rpm input.

H Compensation Value in Each Ratio No-Load Torque Running Torque Table 250-2
) ) ) . Compensation Value Unit: Nem

No-load running torque of the gear varies with ratio. Graphs 251-1 Ratio
to 251 4 show the values for a reduction rgtio of 1 00. For other i 30 50 80 120 160
gear ratios, add the compensation values in the right-hand table 14 +2.6 1.1 +0.2 — —
(Table 250-2). 17 +4.1 +1.8 +0.4 0.2 —

20 +5.9 +2.6 +0.5 -0.4 -0.8

25 +9.6 +4.2 +0.8 -0.6 -1.3

32 +18.3 +8.0 +1.5 -1.1 25

40 = +13.3 +2.4 -1.7 -4.0

45 — +18.2 +3.3 2.4 -5.5

50 = +23.9 +4.3 -3.1 -7.2

58 — +34.6 +6.2 -4.4 -10.3

65 = = +8.1 -5.8 -13.7




H No-load running torque for a reduction ratio of 100:1 (2UJ)

Input speed: 500rpm

Graph 251-1
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*The values in this graph are average values (X). 0=20%
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Gear Unit SHG/SHF

Efficiency (2UJ)

The efficiency varies depending on the following conditions.

B Reduction ratio

B Input rotational speed
M Load torque

B Temperature

Measurement condition

Table 252-1

Installation | Based on recommended tolerance

Load
torque

The rated torque shown in the rating table (see page 230 and 231)

L . Harmonic Grease SK-1A
B Lubrication (Type and quantity) Lubricant | Grease Name Harmonic Grease SK2
lubrication
Quantity Recommended quantity
M Efficiency at rated torque
Ratio 30 Ratio 50, 80, 100, 120 Ratio 160
Graph 252-1 Graph 252-2 Graph 252-3
100 100 100
90 90 90
80 80 — 80
50
i = T T e
X 70 X 70 * 70
< a3 20001 < 1000
> 1000 > > /
2 / /wm’ / L] 2 m(/ 2 2000 /
@ 60 20001 @ 60 / o 60 %
o o o
= &= &= 3500
) D Y 50 / Y 50 i
40 40 40
80 0r3% 80 Or3% 80 Or3%
20 20 20
10 10 10
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C)




Gear Unit SHG/SHF

M Efficiency compensation coefficient and efficiency compensation amount

Efficiency compensation coefficient by load torque

When the load torque is lower than the rated torque, the efficiency
value decreases. Calculate compensation coefficient Ke from
Graph 253-1.

* When the load torque is higher than the rated torque, efficiency compensation value Ke is 1.

Efficiency compensation coefficient of

Efficiency compensation amount by the size

The unit type is equipped with a supporting bearing and oil seal on
the input side. The degree of impact varies depending on the size.
Calculate the compensation amount “ne” for efficiency at the rated
torque using the size from Graph 253-2.

Efficiency compensation of 2UJ (input

2UJ (input shaft) Graph 253-1  shaft) Graph 253-2
1.0 9
o % |, =
2 _Z E i A ]
g 0.8 2 "R=100 1| R=120,160
S -10
g o7 s
15} k<]
3 06 E
< 500 rpm c
o v -
= 05 9508 rom “éi 2 141720 25 32 40 45 50 58 65
12}
§_ 0.4 2000 rpm| 8 size
3500 rpm
E o3
o
0.2
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Torque ratio
Efficiency compensation calculation formula
Calculate the efficiency by the "Efficiency compensation coefficient Symbols for the calculation formula Table 253-1
by load torque" and the "Efficiency compensation amount by the
size" from the following formula. Efficiency | = —————=
Efficiency cqrr_]pensation See Graph 253-1.
coefficient

Calculation formula Formula 253-1

Efficiency n=Ke x (W\r+mne)

Efficiency at the rated
torque

Efficiency compensation
amount

See Graph 252-1 through 252-3.

See Graph 253-2.
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Gear Unit SHG/SHF

Standard lubrication for SHG/SHF series is grease.
See "Engineering data" on Page 016 for details of the lubricant.

Application guide
As the gear unit is shipped with the outer race of the cross roller bearing and the flexspline temporarily bolted together, grease
is not applied other than the gear teeth. Refer to the following application guide for grease application instructions

Application guide Table 259-1

O >E|z _

Cross roller bearing (outer race) Circular spline

grease before installation.

/7 Apply thin coating of

Flexspline | Thickness of

diameter of wave

i ' X__
generator bearing Pack with grease

while slowly rotating
bearing.
Fill the inner wall with grease in
accordance with the values listed
below. T 7 N
Wave Generator
Application quantity
Table 259-2
Unit: g
Size
Application 14 17 20 25 32 40 45 50 58 65
Horizontal use 5.8 11 18 32 64 120 185 235 385 495
Vertical| Output shaft facing up 7.5 13 19 37 74 130 200 255 400 530
use | Qutput shaft facing down 8.9 15 22 42 84 150 230 290 480 630

When to replace grease
The wear characteristics of the gear are strongly influenced by the condition of the grease lubrication. The condition of the grease is
affected by the ambient temperature. The graph shows the maximum number of input rotations for various temperatures. This graph
applies to applications where the average load torque does not exceed the rated torque.

Formula when average load torque exceeds rated torque
Formula 250-1  Calculation formula Table 259-3

Replacement timing if average Number of input
load torque exceeds rated torque revolutions
Replacement timing if average load Number of input

torque is equal to or less than rated Lt
torque (or use formulas, i.e. Tav < T revolutions

3
Ler=Lem x ( 1 >

Tav

See Fig. 259-2.
When to replace grease: Lamn (when the average load

torque is equal to or less than the rated torque) Graph 259-2 Rated torque Nm See the "Rating table"
on page 230 and 231.
=== Average load torque Nm Calculation formula:

Life of grease See Page 14.

1o 4B No2 M Other precautions

(%] 9

.§ ‘\\ 1. Avoid using it with other grease. The gear should be in an

2 \ SK-1A individual case when installed.

% \ 8Kz

5 2. If you use the gear with the wave generator facing upward (see
g | Figure 050-2 on Page 50) at low-speed rotation (input

2 10 F—FLife of wave generator rotational speed: 1000 rpm or less) and in one direction, please

contact us as it may cause lubrication problems.

3. Fill the gap between the wave generator and the input cover
(motor flange) with grease to use the wave generator facing

107 upward or downward (see Figure 094-2 on Page 094).
20 40 60 80 100 120

Grease temperature (°C)

* Life of wave generator is based on L10 life of the bearing.




Gear Unit SHG/SHF

Performance Data for the Input bearing (2UJ)

The input shaft of the 2UJ is supported by two single-row
deep-groove bearings. For peak performance of the SHF-2UJ it is
essential that the following Specification for Input Bearing be
observed -

Figure 254-1 shows the points of application of forces. See Table
254-1 for the dimensions (a) and (b). Graphs 254-1 and 254-2 show
the Maximum Allowable Radial and Axial Loads.

The values in Graph 254-1 and 254-2 are based on an average input
speed of 2,000 rpm and a mean bearing life of L10=7,000h.

Example: If the input shaft of a SHF-40-2UJ unit is subjected to an
axial load (Fa) of 500 N. The maximum allowable radial force will be
400 N.

Input bearing specifications Table 254-1

Bearing A Bearing B
Maximum
Basic dynamic Basic static Basic dynamic Basic static radial load
rated load rated load Model rated load rated load
cr(N) Cor (N) Cr(N) Cor(N) Fr(N)

14 698727 2240 910 695727 1080 430 20 110
17 690022 2700 1270 697272 1610 710 23.5 21 135
20 690227 4350 2260 698727 2240 910 26.5 23.3 210
25 600222 5600 2830 690022 2700 1270 28 28 270
32 600422 9400 5000 6902272 4350 2260 36 27 490
40 600622 13200 8300 600322 6000 3250 43 32.5 660
45 620622 19500 11300 600422 9400 5000 47.5 345 1030
50 620722 25700 15300 6005272 10100 5850 53 39 1330
58 620822 29100 17800 600622 13200 8300 62.5 40 1600
65 620927 32500 20500 6007272 16000 10300 79 63 1650
Fig 255-1 Size 32 to 65 Graph 255-2
Bearing A [ Bearing B 2500
Fa +
—
2000
Fa: Axial load (N) 65
Fr: Radial load (N) 1500
z 58
i 50
Size 14 to 25 Graph 255-1 3 =
Ke]
8
500 S
o 45
1000 [\
400
z
< 300 \ \
B \¢o \
i \ 25 500
kel L~
ﬁ 200(— # 400 \ \
20
100 P
X
SHG/SHF-17-2UJ PHO/SHF 22200
‘ 0] 500 1000 1500
0 100 200 300 400
Axial load Fa (N) Axial load Fa (N)
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Outline Dimensions

Outline Dimensions (2S0)

You can download the CAD files from our website: harmonicdrive.net

Fig. 255-1

S-T1 equally spaced

The bolts are factory installed to prevent misalignment between the
flange of the flexspline and the outer race of the cross roller bearing.

0-¢ P equally
spaced

F*

X1 - X2 equally spaced (Y1)
e elov. |

J O-ring
oring 0.4 f WJs9
Co0.4
A H
co.4 HO S
©
~
T om
(6]
R4 o =
ERE Qo4 & | d 23
- o lote
S = o 5 7 o ® ; =
R=)
o & Kok
hii==4 e
depth of pilot hole H \NM
Z1 - Z2 equally spaced
(bolt to prevent separation)

2- M3x4 (size 14)

2- M3x6 (size 17)
2.5 (size 14)

3 (size 17)

0.4 (size 14)
0.3 (size 17)

Details of B

Size 14, 17 configuration of
wave generator

20 equally spaced (16)-M3x6 ($3.5x6.5)

D| $0.25

12 equally spaced (8)-M3x5 ($3.5x6)

4-M3x6 evenly arranged
(bolt to prevent separation)

4-M3x6 evenly arranged
(bolt to prevent separation)

Size 14
configuration

Size 17
configuration

Note 1: See undercutting the housing on Page 240 for details.
Note 2: For size 14, C0.5.

* Refer to the confirmation drawing for detailed dimensions
* See Fig. 228-1 on Page 228 for the configurations of the wave generator.

* The allowance varies depending on the part manufacturing method (cast or machined products). Contact us if the allowance is not described in the dimensions and is required.
* Be careful not to remove the separation prevention bolt.
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Dimensions (2S0) Table 256-1 =
Unit : mm 3
SizE 14 40 45 50 58 65 £
Symbol o))
$A h6 50 60 70 85 110 135 155 170 195 215 [
®B; 14 18 21 26 26 32 32 32 40 48 w
$B: — — — — — — 128 141 163 180.4
$Bs = - = = = = 27 27 2.7 2.7
oC Standard (H7) 6 8 9 1 14 14 19 19 22 24
Max. dimen. 8 10 13 15 16 20 20 20 25 30
D% SHF Series 28.5 95 32.5 %o 33.5 % 37 44 £ 53 94 58 1> 64 95 75.5 %5 —
SHG Series 28.5 54 32.5 94 33.5 84 37 85 44 06 53 8 58 35 64 8 75.5 %7 83 7
E 235 265 29 34 42 51 56.5 63 73 815 [
F % 5 6 4.5 3 2 2 1.5 1 2.5 1.5 ")
G 2.4 3 3 3.3 3.6 4 45 5 5.8 6.5 1]
H 141 16 17.5 18.7 23.4 29 32 34 40.2 43 n
I 7 7.5 8.5 12 15 18 20 24 27 32 t=
J 6 6.5 7.5 10 14 17 19 22 25 29 d:)
K% SHF Series 0.4 0.3 0.1 2.1 2.5 3.3 3.7 4.2 4.8 — (o)
SHG Series 1.4 1.6 1.5 35 42 56 6.3 7 8.2 9.5 o
L SHF Series 17.6 5. 19.5 84 20.1 3 20.2 22 04 27.5 4 27.9 81 32 8, 34.9 5. — (E)
SHG Series | 1853: | 20.7%: | 21538, | 2168 | 2368 | 20738 | 3058 | 34828 | 383% | 44634, O
oM. h7 70 80 90 110 142 170 190 214 240 276
M- H7 48 60 70 88 114 140 158 175 203 232
PN: — — — — — 32 — 32 — 48
(@) 8 12 12 12 12 12 18 12 16 16
PP 3.5 3.5 3.5 4.5 5.5 6.6 6.6 9 9 11
$Q 0.25 0.25 0.25 0.25 0.25 0.3 0.3 0.5 0.5 0.5
®R 64 74 84 102 132 158 180 200 226 258 —
S 2 4 4 4 4 6 6 6 8 8
T M3x6 M3x6 M3x8 M3x8 Mdx8 | M4x10 | M4x8 M5x12 | M5x12 | M6x16 7]
T2 (angle) 22.5° 15° 15° 15° 15° 15° 10° 15° 11.25° 11.25° E
U 44 54 62 77 100 122 140 154 178 195 =)
\ — — 10.4 12.8 16.3 16.3 21.8 21.8 24.8 27.3 E
W Js9 — — 3 4 5 5 6 6 6 8 O
Xi 12E.A.8 | 12E.A. 16 16 16 16 16 12 16 12 16 O]
Xa M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 M8x10 M8x11 M10x15 | M10x15
Y: $3.5%6 | $3.5x6.5 | $3.5x7.5 | p4.5x10 | ¢5.5x14 | p6.6x17 | $9x19 | ¢9x22 | p11x25 | p11x29
Y 0.25 0.25 0.25 0.25 0.25 0.3 0.5 0.5 0.5 0.5
y4) 4 4 4 4 4 4 4 8 6 8
Z> M3x6 M3x6 M3x8 M3x10 M4x16 M5x20 M5x20 M5x25 M6x25 M6x30
Minimum | @ 38 45 53 66 86 106 119 133 154 172
housing b 1 1 1.5 1.5 1.5 2 2 2 2.5 2.5
CIEEETIED dc 31 38 45 56 73 90 101 113 131 150
d 1.7 2.1 2 2 2 2 2.3 25 2.9 35
e D49585 D59685 D69785 D84945 |[D1101226 | D1321467 | D1521707 | D1681868 | D1932129 | D21623811 I
f — — — — — —  |at1215@20| s135 |di15704220] S175
Mass (kg) 0.41 057 0.81 1.31 2.94 5.1 6.5 96 135 19.5 g
@ The following dimensions can be modified to @®*The D, F and K values indicate relative position of individual I
accommodate customer-specific requirements. gearing components (wave generator, flexpline, circular =4
spline). Please strictly adhere to these values when designing o
Wave Generator: G your housing and mating parts. ?J
Flexspline :0andP @ Please note that the circular spline face of sizes 14 through 40 17
Circular Spline  : X1 and X2 does not incorporate an O-ring groove. Please provide E
alternate sealing arrangements. o
@ Due to the deformation of the Flexspline during operation,
it is necessary to provide a minimum housing clearance,
dimensions ¢a, b, c.
|
4
i)
©
=
o
<
o
n
T
®©
Q
£
S
©
[J]
(&)
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Outline Dimensions (2SH)

You can download the CAD files from our website: harmonicdrive.net

Fig. 257-1

P1-P2 equally c
spaced D. s b, D¥
Qi-9Q2
equally spaced E: E: Es
‘ F O ring
Oring f
@
BIE al 2| =
9
e 8 <z
el e e &
T F
L
e
depth of pilot hole ‘ A
Ti-T2 equally spaced P p | Note 1 b

The bolts are factory installed to prevent
misalignment between the flange of the flexspline
and the outer race of the cross roller bearing.

12 equally spaced (8)-M3x5 (¢3.5x6)

(bolt to prevent separation)

20 equally spaced (16)-M3x6 ($3.5x6.5)

3-M3

Configurations for Size14 and 17

4-M3x6 equally spaced

4-M3x6 equally spaced

(bolt to prevent separation)

(bolt to prevent separation)

Size 14 Size 17
Configurations Of Wave Generator All Sizes
Size 20 c
[ l2 ‘( la )

Size 14, 17 c
- I Iz \( s )
L’ Jz‘ Js (6 ‘Tolerance range)
i6 Tol(‘erar‘\ce range) |
co | o2 | RO.2| C0.3
E\ A N I —
i
o 5 e o
e g T2 ? I 5
3 3 5 3 4 e
| O [0]] Os
; C
Size 25
- I o (ls)
Jo)
R0.2 R(‘J C0.4
C0.4 CO.i\ /“-/Am
4‘7 = i
el = E ﬁ[ N
3z S| s —— I| | S 5
3
€l &l &l_]0:], O oaxggse
9]
Size 40 to 65
- h l> (1s)
Ji (Je) Js (Js)
Ki
Ki
C0.4
C0.5
N
C0.4

|
oLs H7
¢Ls h9
oL: 6
¢ L

(j6 Tolerance ra‘nge) Jo Ja (jG‘ToIerance range)
L r
R0.2| C0.4
P e i

~
535 Telllell 5y
32 gl 3l [ dlde
0:1[ 02) Os
. C
Size32 I l2 (s)
Ko H Ki ) Js (i7 Tolerance range)
I !
C0.4 R0.2 R0O.2 C0.4
— N4 |
4 [
%
~ ~
3 s z E eof |L i | 0k E 5
® e 2 %l = 3 3 ¢
O1 o] Os
Note 1:

See undercutting the housing on Page 240 for details.

Refer to the confirmation drawing for detailed dimensions.
Especially be certain to check the delivered specifications
since the configuration of the wave generator varies depends
on the size. (* Also see Fig. 228-1 on Page 228.)

The allowance varies depending on the part manufacturing
method (cast or machined products). Contact us if the
allowance is not described in the dimensions and is required.
Be careful not to remove the separation prevention bolt.

*

*

*




Dimensions (2SH)

Table 258-1
Unit : mm
— Size 14 17 20 25 32 40 45 50 58 65
A h6 50 60 70 85 110 135 155 170 195 215
$B: = = — — — — 128 141 163 180.4
B. — — — — — — 2.7 2.7 2.7 2.7
© 52528 | 56528 | 51.58 55535, | 6553 79 . 85 %1 93 4 106 8 128 9
D SHF 16 5° 16 7%° 9.5 %° 107" 12 37 13 %" 13.5% 15 9° 16 9° 217%°
SHG 16 5* 16 %* 9.5 %" 10 %6° 12 9° 13 %° 13.57%° 15 %7 16 07 2147
D: 23.5 26.5 29 34 42 51 56.5 63 73 81.5
Ds 13 14 13 11.5 11.5 15 15 15 17 255
E: 2.4 3 3 3.3 3.6 4 45 5 5.8 6.5
E 14.1 16 17.5 18.7 23.4 29 32 34 40.2 43
Es 7 7.5 8.5 12 15 18 20 24 27 32
F 6 6.5 75 10 14 17 19 22 25 29
®G H7 48 60 70 88 114 140 158 175 203 232
¢H h7 70 80 90 110 142 170 190 214 240 276
I 20 .01 21.5 .01 19 .01 20 .01 29 .01 34 .01 35 .01 395.1 | 458.01 | 54.5.01
3 20 .01 21.5 .01 20 .01 225.01 | 235 .01 28 .01 32.5 .01 36 .01 40.7 .01 —
Is (12.5) (13.5) (12.5) (13) (13) (17) (17.5) (17.5) (20) -
Ji 25 2.5 — - — - 8 9 10 14
J2 7 7 7 6.5 — - (27) (30.5) (85.3) (40.5)
Js 7 7 7 6.5 — 9.5 9.5 9.5 12.5 11.5
Js - — — — - (7.5) (8 (8) (7.5) (11.5)
Ki = = — = 13.9 15.1 15.6 18.6 21.1 23.1
K- = = — — 1.9 2.2 2.7 2.7 3.2 3.1
Wave oL 22 27 32 42 47 62 69 79 90 106
generator 5
dimensions | ®L2i6 20 25 30 40 45 60 65 75 85 100
Ls h9 — = — 38 — 59 59 69 84 96
$Ls H7 14 19 21 29 36 46 52 60 70 80
oLs f7 20 25 30 — 45 — — — = =
M, 22 27 32 42 49 65 70 80 91.5 111
®M: h7 20 25 30 38 45 59 64 74 84 96
®OMs = = — — 425 57 62 72 81.5 96.5
M. H7 14 19 21 29 36 46 52 60 70 80
®N: j6 20 25 30 40 45 60 65 75 85 100
®N: 14.5 19.5 21.5 29.5 36.5 46.5 52.5 60.5 70.5 80.5
(o} 10 10 10 10 10 12 15 15 15 20
0: 22.5 24.5 (19.5) 22.5 (30.5) (35) 35 41 48 54
0s 20 22 22 23 25 32 35 37 43 54
P 3 3 6 6 6 6 6 6 8 6
P2 M3 M3 M3x6 M3x6 M3x6 M4x8 M4x8 M4x8 M4x8 M5x10
P — — 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Q 8 12 12 12 12 12 18 12 16 16
OQ: 3.5 35 3.5 45 5.5 6.6 6.6 9 9 11
Qs 0.25 0.25 0.25 0.25 0.25 0.3 0.3 0.5 0.5 0.5
®R 64 74 84 102 132 158 180 200 226 258
»S = = 255 335 40.5 52 58 67 77 88
T 2 4 4 4 4 6 6 6 8 8
T2 M3x6 M3x6 M3x8 M3x8 M4x8 M4x10 | M4x10 [ M5x12 | M5x12 [ M6x16
Ts (angle) 22.5° 15 15° 15° 15° 15° 10° 15° 11.25° 11.25°
18] 44 54 62 77 100 122 140 154 178 195
vV, 12EA. 8 |20E. A 16 16 16 16 16 12 16 12 16
Ve M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 | M8x10 [ M8x11 [ M10x15 | M10x15
Vs $3.5x6 | $p3.5x6.5 | $3.5x7.5 | d4.5x10 | P5.5x14 | 96.6x17 | d9x19 | $9x22 | d11x25 | p11x29
Vs 0.25 0.25 0.25 0.25 0.25 0.3 0.5 0.5 0.5 0.5
Wi 4 4 4 4 4 4 4 8 6 8
W M3x6 M3x6 M3x8 M3x10 | M4x16 | M5x20 [ M5x20 | M5x25 [ M6x25 | M6x30
Minimum da 38 45 53 66 86 106 119 133 154 172
housing b 1 1 1.5 15 15 2 2 2 25 25
clearance [ 31 38 45 56 73 20 101 113 131 150
d 1.7 2.1 2 2 2 2 2.3 25 2.9 3.5
e D49585 | D59685 | D69785 | D84945 |D1101226 | D1321467 | D1521707 | D1681868 | D1932129 |D21623811
f = = — — — — d11215d220| S135 | di15700220 | S175
Mass (kg) 0.45 0.63 0.89 1.44 3.1 5.4 6.9 10.2 14.1 20.9

@ As the flexspline is subject to elastic deformation, the housing
clearance should be ¢a, b, ¢ or more and it should not

exceed.

® “The D1 and D3 sizes indicated by an asterisk are the
mounting positions in the shaft direction and allowance of the
three parts (wave generator, flexspline, circular spline). Strictly
observe these tolerances.

@ The circular spline of sizes 14 to 40 does not have an O-ring
groove (symbol: f) for sealing. Account for sealing during
design and installation.

Wave generator is removed when the product is delivered.
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I .
N Gear Unit SHG/SHF
®
o
o
£
o Installation accuracy
Q
£ Maintain the recommended tolerances shown in Figure 260-1 and
g‘l Table 260-1 for peak performance.
w
Fig. 260-1
I
(2]
L d
Q
(72}
-t
c
o
c
o
o
£
[e]
(&)
Table 260-1
I Sl
® Size 14 17 20 25 32 40 45 50 58
-'E a 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031
) b 0.017 0.020 0.020 0.024 0.024 0.024 0.032 0.032 0.032
- (0.008) (0.010) (0.010) (0.012) (0.012) (0.012) (0.012) (0.015) (0.015)
g c 0.030 0.034 0.044 0.047 0.047 0.050 0.063 0.066 0.068
(O] (0.016) (0.018) (0.019) (0.022) (0.022) (0.022) (0.024) (0.030) (0.033)
* The value in the parentheses indicates that Wave Generator does not have an Oldham coupling.
Installation Recommendations
H Installation sequence
The wave generator is installed after the flexspline and circular spline. If the wave generator is
not inserted into the flexspline last, gear teeth scuffing damage or improper eccentric gear
mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise
[ and vibration, and can lead to early failure of the gear. For proper function, the teeth of the
flexspline and Circular Spline mesh symmetrically.
&
2
7)) Assembly order for basic three elements Fig. 260-2
=
T . o
< Flexspline/CRB inner ring
o Flexspline/CRB outer ring
(7]
©
a
Note: Do not assemble
Wave Generator from
diaphragm of Flexspline
— ——*————————————«
[
S
[e]
-
©
=
=]
(&)
< Wave generator Wave generator
bt i
% i
® Bi=:22
.GC, * CRB: Cross roller bearing
S
©
Q
O
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M Precautions on assembly

It is extremely important to assemble the gear accurately and in
proper sequence. For each of the three components, utilize the
following precautions.

Wave generator
1. Avoid applying undue axial force to the wave generator
during installation. Rotating the wave generator bearing
while inserting it is recommended and will ease the process.
2. Extra care must be given to ensure that concentricity and
inclination are within the specified limits (see page 253).
3. Installation bolts on the Wave Generator and Flexspline should
not interfere each other.

Circular spline

The circular Spline must not be deformed in any way during the
assembly. It is particularly important that the mounting surfaces
are prepared correctly.

1. Mounting surfaces need to have adequate flatness,

smoothness, and no distortion.

Especially in the area of the screw holes, burrs or foreign

matter should not be present.

. Adequate relief in the housing corners is needed to prevent

interference with the corner of the circular spline.

The circular spline should be rotatable within the housing. Be

sure there is not interference and that it does not catch on

anything.

Bolts should not rotate freely when tightening and should not

have any irregularity due to the bolt hole being misaligned or

oblique.

6. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them with the specified torque.
Tighten them in an even, crisscross pattern.

. Avoid pinning the circular spline if possible as it can reduce
the rotational precision and smoothness of operation.

N

w

&

o

~

Flexspline

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate clearance with the housing is needed to ensure no
interference especially with the major axis of flexspline

4. Bolts should rotate freely when installing through the mounting
holes of the flexspline and should not have any irregularity due
to the shaft bolt holes being misaligned or oblique.

5. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them to the specified torque. Tighten
them in an even, crisscross pattern.

6. The flexspline and circular spline are concentric after
assembly. After installing the wave generator bearing, if it
rotates in unbalanced way, check the mounting for dedoidal or
non-concentric installation.

Care should be taken not to damage the flexspline diaphragm
or gear teeth during assembly.

Avoid hitting the tips of the flexpline teeth and circular spline

teeth. Avoid installing the CS from the open side of the
flexspline after the wave generator has been installed.

N

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The
gear external surfaces typically have only a temporary corrosion
inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.

Gear Units
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Gear Unit sHo/shr IR

Ap i cation

Typical example of a Scara-type robot two-axis arrangement using SHF-2UH and

SHF-2UJ gear units.

The robot arm is equipped with SHF-2UH and SHF-2UJ Series
units. The hollow shaft of the first axis unit is used to pilot the shaft
driving the second axis unit. This allows both motors to be mounted
in the base of the robot, minimizing the moment of inertia of the arm.

Fig. 262-1

] O

Second axis motor




Typical example of a wrist joint arrangement in a gantry-type robot using SHF-2UH and
SHF-2UJ gear units.

This robot wrist axis design incorporates both SHF-2UH and
SHF-2UJ units.

The second axis is driven through the hollow shaft of the first axis
gear. This design has number of advantages, including the compact
design and low inertia for the second axis.

Fig. 263-1

Second axis input shaft

First axis input shaft

SHF-2UH

SHF-2UJ

Gear Units
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Gear unit soysrr I

Typical example of a Scara-type robot two-axis arrangement using SHF-2SO
simplicity unit.

Specially designed units are used in the robot arm featured below.
The Simplicity units feature SHF-2SO component sets combined
with integral cross roller bearing, circular spline and flexspline.

It is important to note that the motor can be assembling from both
sides of the unit.

Fig. 264-1

| l7_7
T Circular spline
! ==
Ring | ! .
L : Q Flexspline
T L I
- i ! 7 ] T
[ 1 |
Il
s ]
,} d
=
Cross roller bearing

Q Circular spline

* Sealing is required to prevent grease leakage.




N ... Uit SHG/SHF

Typical example of the use of SHF-2UH gear unit with
rotary shaft seals removed.

Friction generated by the rotary shaft seals on the high-speed
side can result in a temperature rise in the SHF-2UH gearhead
during operation. This application example shows the SHF-2UH
gearhead with its rotary shaft seals removed.

The removal of one or both of these seals should only be carried
out if other measures have been undertaken to prevent lubricant
leakage or if a leakage can be ruled out due to the

installation position.

Fig. 265-1

Removal of
the oil seals
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SHD Series

Gear Unit SHD
FEALUIES «reeeeeeriiiiinimnnniieiieeeiiiiiiinnreeeeeeeeesssnssnssneseeees 268
(@16 11473 Yo o To T L= S 269
Technical data o Rating table -«-s-esseseesesesssssnananannnnas 270
» Outline dimension (2SH) «+-eeeveseevenee 270
« Outline dimension (2UH) «.veeveeveeenes 272
« Positional accuracy ««.--«c.eeeeeveesuneens 273
o HySteresis 108 «-«eeveseeersereruenerueennes 273
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« Backdriving torque «----eeeeeeseeneenenns 274
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Design guide « Checking output bearing
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assembly tolerances
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installation and transmission torque

« Recessing of the
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Features

SHD series

Axially compact, these gear units feature a large hollow input shaft
and a robust cross roller bearing so loads can be mounted directly to
the unit without the need for additional support bearings

Features of SHD series

B Zero Backlash

H Ultra-flat design - 15% thinner than the SHF Series

H Large Hollow Input Shaft

l Accuracy <1 arc-min (most sizes)

H Rigid cross roller output bearing

M Lightweight - 30% lower weight than Standard SHF Series

Structure of SHD gear unit Fig. 268-1
CRB = ) CRB outer ring
Circular spline
(CRB inner ring)
O
=
[ ] Wave generator
Flexspline (Input)
(Output)
O
Bolt to prevent
separation fEN
[
* CRB: Cross roller bearing
Shaft thickness Fig. 268-2
{
, s 1
| i
' | ' T o !
I | 1 ijoimil el
< | T H, : 172
|
T t = T 1
T T 1 1
SHF series (2S0) SHD series




Application example, SHD series

Gear Unit SHD

Fig. 269-1

SCARA robot
SHD is ideal when space is limited.

SHD series

Ordering Code e —

v \

SHD - 20 - 100 - 2SH -SP

V Table 269-1

Special specification

2SH = Simplicity Unit

2UH = Gear Unit

\/
Series Ratio™1
14 50 80 100
17 50 80 100
20 50 80 100
SHD 25 50 80 100
32 50 80 100
40 50 80 100

LW = Lightweight

SP= Special specification
code

Blank=Standard product

*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline
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Technical Data

Rating Table
i e Aeep et Maximum Limit for i i i i
Ra:‘e)d e;?jr%?) grt plnmput Lm:)l:e ;?(rtrcc)er%%aeted Limit tfg:qi\;erage L|m|:) Loarkr?;rgjgtary inp?,-tps;ﬁ)eed a;;gi%f(,‘gfn‘;‘ Mome?ztscla-lf) inertia Mome(r;tuog)mertla
Nm  kgfm Nm  kgfm  Nm  kgfm  Nm  kgfm Grease Grease  Ix10%kgm® Jx10°kgfms® Ix10*kgm?  Jx 10°%kgfms’
50 3.7 0.38 12 1.2 4.8 0.49 23 23
14 80 5.4 0.55 16 1.6 7.7 0.79 35 3.6 8500 3500 0.021 0.021 0.064 0.065
100 5.4 0.55 19 1.9 7.7 0.79 35 3.6
50 11 1.1 23 2.3 18 1.8 48 4.9
17 80 15 1.5 29 3.0 19 1.9 61 6.2 7300 3500 0.054 0.055 0.141 0.144
100 16 1.6 37 3.8 27 2.8 71 7.2
50 17 1.7 39 4.0 24 2.4 69 7.0
20 80 24 2.4 51l 552 33 3.4 89 9.1 6500 3500 0.090 0.092 0.271 0.276
100 28 2.9 57 5.8 34 3.5 95 9.7
50 27 2.8 69 7.0 38 3.9 127 13
25 80 44 4.5 96 9.8 60 6.1 179 18 5600 3500 0.282 0.288 0.793 0.809
100 47 4.8 110 11 75 7.6 184 19
50 53 5.4 151 15 75 7.6 268 27
32 80 83 8.5 213 22 117 12 398 4 4800 3500 1.09 1.11 2.900 2.957
100 96 9.8 233 24 151 15 420 43
50 96 9.8 281 29 137 14 480 49
40 80 144 15 364 37 198 20 686 70 4000 3000 2.85 2.91 7.432 7.578
100 185 19 398 41 260 27 700 71
You can download the CAD files from our website: harmonicdrive.net
Fig. 270-1
D
E E.
F Usable pilot length
f (0-ring provided) d (seal)
€ (o-ring provided)
L
N -
d %W H @
B E N
3 5 x Il g%
8\ 1 u Gk &l €
! @
= Co0.3
P:-P; length P; ™ Note 1
X b

Note 1:

See undercutting the housing on Page 240 for details.

* Please refer to the confirmation drawing for detailed dimensions.
* See Fig. 040-3 on Page 040 for the shapes of the wave generator.




Dimensions SHD-2SH

Table 271-1

Unit : mm
Size
Sy 14 17 20 25 32
$A h6 49 S0 59 Soie 69 -boie 84 b0z 110 Soz
$B, 39.1%" 48%" 56.8%" 70.5%" 92%" 112.4%"
B2 0.8‘%15 1 .1 i8.25 1 .4+g.25 1 .7vgv25 2+g.25 2.24-8.25
q)c H7 1 14%018 1 5\\3‘018 2003.021 24fg.b2| 3203.025 4Oog.025
D 17.5 01 18.5 w01 19 2o 22 .01 27.9 w01 38 w01
E, 15.5 16.5 17 20 23.6 28
E, 2 2 2 2 4.3 5
F 2.4 3 3 3.3 3.6 4
G* 1.8 1.6 1.2 0.4 0.6 0.8
H 4 5, 538 5.2 5 6.35 1 8.6 o1 10.3 01
1% 15.7 %2 16.9 %2 17.8 52 21.6 52 27.3 42 32.2 4.
&J h7 70 S0 80 0w 90 %055 110 0oz 142 S0 170 0000
Q)K H7 50¢‘D].025 61 'g.oao 71-'8.030 88'3.035 114,00035 140v0n.040
L 8 12 12 12 12 12
oM 3.5 3.5 3.5 4.5 5.5 6.6
®N 0.25 0.25 0.25 0.25 0.25 0.3
$0 64 74 84 102 132 158
P, 2 2 2 4 4 4
P, M3 M3 M3 M3 M4 M4
P, 6 6 6 8 10 10
P, 22.5° 15° 15° 15° 15° 15°
»Q 17 21 26 30 40 50
R, 4 4 4 4 4 4
R, M3 M3 M3 M3 M4 M5
$S 0.25 0.25 0.25 0.25 0.25 0.25
o7 43 52 61.4 76 99 120
U, 8 12 12 12 12 12
U, M3 M3 M3 M4 M5 M6
\% 4.5 4.5 4.5 6 8 9
oW 0.25 0.25 0.25 0.25 0.25 0.3
X, C0.4 C0.4 C0.5 C0.5 C0.5 C0.5
X, C0.4 C0.4 C0.5 C0.5 C0.5 C0.5
Z, 575 68.1%" 78%" 94.8%" 123%" 148"
ZQ 2;«:),25 2+g.z5 2_7~g.25 2. 44325 2_7+g,z5 2 .ngs
da 36.5 45 53 66 86 106
Minimum b 1 1 1.5 1.5 2 25
housing
clearance dc 31 38 45 56 73 90
d 1.4 1.8 1.7 1.8 1.8 1.8
e d37.1d0.6 d45.4d0.8 d53.28d0.99 d66.5d1.3 d87.5d1.5 d107.5d1.6
f d54.38d1.19 d64.0d1.5 d72.0d2.0 d88.62d1.78 d117.0d2.0 d142d2.0
g D49585 D59685 D69785 D84945 D1101226 D1321467
h 1.5 1.5 1.5 1.5 3.3 4
Mass (kg) 0.33 0.42 0.52 0.91 1.87 3.09

@ The following dimensions can be modified to
accommodate:

Wave Generator: C
Flexspline: OandP
Circular Spline: X1 and X2

@ *The G and | sizes indicated by an asterisk are the mounting
positions in the shaft direction and allowance of the three
parts (wave generator, flexspline, circular spline). Strictly
observe these sizes as they affect the performance and
strength.

@ As the flexspline is subject to elastic deformation, the inner
wall should be ¢a, b, ¢ or more and it should not exceed ¢d
to prevent possible contact with the housing.

Wave generator is removed when the product is delivered.
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Gear Unit SHD

Outline Dimensions SHD-2UH

Fig. 272-1
G c
H 1 J
L
N b
d a\ o
Input shaft -+
; S
EE: Tk
[N
38 % 5398
e
|
(o)
K z
P
3-M3 ]
N
>
©
Input configuration, size 14 and 17
Dimensions SHD-2UH Table 272-1
Unit : mm
Size
14 17 20 25 32 40
®A h7 70 80 90 110 142 170
B 52 62 73 87 114 137
®C h7 36 45 50 60 75 100
®D h7 74 84 95 115 147 175
OE h7 20 25 30 38 54 64
OF H7 14 19 21 29 41 51
G 45.5 48 42 46.5 55 65
H 12 12 5 6 7 8
| 19.5 20.5 215 24 28.6 33
J 14 15.5 15.5 16.5 19.4 24
K 6.5 6.5 — — — —
L 9 10 10.5 10.5 12 14
M 7 8 8 10 11 14
N 6.5 7 7 6 7.5 9
o 16.6 18 17.5 20.6 24.9 29.5
®P (P) (2.5 (2.5) 25.5 33.5 48 57
Q 3 3 6 6 6 6
R M3 M3 M3x6 M3x6 M3x6 M4x8
»S 64 74 84 102 132 158
T 8 12 12 12 12 12
dU 3.5 3.5 3.5 45 5.5 6.6
oV 43 52 61.4 76 99 120
w 8 12 12 12 12 12
X M3x4.5 M3x4.5 M3x4.5 M4x6 M5x8 M6x9
©3.5x5.5 ©3.5x6.5 ©3.5x6.5 ©4.5x8.5 ©5.5x7.6 $6.6x10
Y 36 45 — — — —
z 5.5 5.5 = = — =
a 680477 680522 680622 680822 681122 681372
b 680427 680522 680622 680872 681022 681322
c D49585 D59685 D69785 D84945 D1101226 D1321467
d $20304.5 S25356 S30405 $38475 S54645 S64745
e $20304.5 S25356 S30405 38475 S50605 564745
Mass (kg) 0.49 0.66 0.84 1.4 2.7 4.6




Gear Unit SHD

POSItlonaI accuracy See "Engineering data" for a description of terms.

Table 273-1

Unit: X10"rad (arc-min)

Positional x107"rad 4.4 4.4 2.9 2.9 2.9 2.9
Accuracy arc min 15 15 1.0 1.0 1.0 10
ee "Engineering data" for a description of terms.
Table 273-2
_ Size 14 17 20 25 32 40
Ratio
50 x107rad 7.3 5.8 5.8 5.8 5.8 5.8
arc min 2.5 2.0 2.0 2.0 2.0 2.0
80 or x10”rad 5.8 2.9 2.9 2.9 2.9 2.9
more arc min 2.0 1.0 1.0 1.0 1.0 1.0
See "Engineering data" for a description of terms.
Table 273-3
- S 14 17 20 25 32 40
Nm 2.0 3.9 7.0 14 29 54
i kgfm 0.2 0.4 0.7 1.4 3.0 5.5
- Nm 6.9 12 25 48 108 196
kgfm 0.7 1.2 25 4.9 11 20
x10Nm/rad 0.29 0.67 1.1 2.0 4.7 8.8
K T gmare min 0.085 0.2 0.32 0.6 1.4 2.6
K x10Nm/rad 0.37 0.88 1.3 2.7 6.1 11
kgfm/arc min 0.11 0.26 0.4 0.8 1.8 3.4
Ratio | x10'Nm/rad 0.47 1.2 2.0 3.7 8.4 15
50 kgfm/arc min 0.14 0.34 0.6 1.1 2.5 45
x10™rad 6.9 5.8 6.4 7.0 6.2 6.1
& arc min 2.4 2.0 2.2 2.3 2.1 2.1
x10"rad 19 14 19 18 18 18
& arc min 6.4 4.6 6.3 6.1 6.1 5.9
<10'Nm/rad 0.4 0.84 1.3 2.7 6.1 11
S e 0.12 0.25 0.4 0.8 1.8 3.2
x10‘Nm/rad 0.44 0.94 1.7 3.7 7.8 14
Ratio | K [ igimaromin 0.13 0.28 0.5 1.1 2.3 4.2
ﬁf’ofe’ K, |1 0.61 1.3 25 47 11 20
kgfm/arc min 0.18 0.39 0.75 1.4 3.3 5.8
x10™rad 5.0 4.6 5.4 5.2 4.8 4.9
® o 1.7 1.6 1.8 1.8 1.7 17
x10”rad 16 13 15 13 14 14
. arc min 5.4 4.3 5.0 45 4.8 4.8

*The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
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Gear Unit SHD

Simplicity unit (2SH) Starting torque

Size

Table 274-1

See "Engineering data" for a description of terms. The values are reference values.  Unit: cNm

Ratio 14 17 20 25 32 40
50 6.2 19 25 39 60 95
80 5.0 16 23 36 55 83
100 4.8 17 22 34 50 78
Gear unit (2UH) Starting torque Table 274-2
See "Engineering data" for a description of terms. The values are reference values. Unit: cNm
Size
Brife 14 17 20 25 32 40
50 1 39 53 79 114 177
80 9.0 34 44 66 108 175
100 8.7 37 49 73 10 157
Table 274-3

See "Engineering data" for a description of terms. The values are reference values. Unit: Nm

20 25 32 40
15 24 36 57
80 4.3 15 21 32 46 72
100 5.8 21 27 41 60 94
Gear unit (2UH) Backdriving torque Table 274-4
See "Engineering data" for a description of terms. The values are reference values.  Unit: Nm
Size 20
Ratio 14 17 25 32 40
50 6.0 21 29 44 63 98
80 71 28 M 60 84 130
100 9.7 4 54 80 " 173
Ratcheting torque See "Engineering data" for a description of terms. Table 274-5
Unit: Nm
: S 14 17 20 25 32 40
Ratio
50 88 150 220 450 980 1800
80 110 200 350 680 1400 2800
100 84 160 260 500 1000 2100
Buckling torque See "Engineering data" for a description of terms. Table 274-6
Unit: Nm

All ratios

130

260

470

850

1800

3600




Gear Unit SHD

No-load running torque

No-load running torque is the torque which is required to rotate the
input side (high speed side), when there is no load on the output side
(low speed side).

Hl Compensation Value in Each Ratio

No-load running torque of the gear varies with ratio. Graphs 276-1
to 276-4 show the values for a reduction ratio of 100. For other
gear ratios, add the compensation values in the right-hand table
(Table 275-2).

H Temperature range of the operating environment
Table 275-3

SK-1A  0°C to + 40°C
SK-2 0°Cto +40°C

Grease

Lubricant

Grease
lubrication

Measurement condition Table 275-1

Ratio 100

Harmonic Grease SK-1A (size 20 or more)
Harmonic Grease SK-2 (size 14, 17)

Name

Quantity  |Recommended quantity (See page 281)

Torque value is measured after 2 hours at 2000rpm input.

No-Load Torque Running Torque Compensation Value

SHD-2SH Unit: Ncm Table 275-2
Ratio
Size 50 80
14 +1.0 +0.2
17 +1.6 +0.3
20 +2.4 +0.5
25 +4.0 +0.8
32 +7.0 +1.4
40 +13 +2.4
SHD-2UH Unit: Ncm Table 275-3
Ratio
Size & Gl
14 +1.0 +0.2
17 +1.6 +0.3
20 +2.4 +0.5
25 +4.0 +0.8
32 +7.0 +1.4
40 +13 +2.4

* Housing temperature should not exceed 80°C .
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M No-load running torque for a reduction ratio of 100:1

Gear Units

Input speed: 500rpm

Graph 276-1
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Graph 276-2
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*The values in this graph are average values (X).
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SHD-2SH (Simplicity unit) Efficiency

The efficiency varies depending on the following conditions.
B Reduction ratio

W Input rotational speed

M Load torque

Bl Temperature

B Lubrication (Type and quantity)

Measurement condition

Table 278-1

Installation | Based on recommended tolerance

Loz Rated torque in rating table

torque

N Harmonic Grease SK-1A (Size 20 or larger)
Lubricant Grgasg ame Harmonic Grease SK-2 (Size 14 and 17)
lubrication - -
Quantity Recommended quantity

M Efficiency at rated torque

H Efficiency compensation coefficient

When the load torque is lower than the rated torque, the efficiency value
decreases. Calculate compensation coefficient Ke from Graph 278-1.

Graph 278-
1.0 %
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S 03
g .
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0 N
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Torque ratio a

* When the load torque is higher than the rated torque, efficiency compensation value
Keis 1.

Ratio 50
Size 14
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Gear Unit SHD

SHD-2UH (Gear unit) Efficien

The efficiency varies depending on the following conditions.
B Reduction ratio

H Input rotational speed

M Load torque

Bl Temperature

B Lubrication (Type and quantity)

Measurement condition Table 279-1

Installation | Based on recommended tolerance

— Rated torque in rating table
torque
Harmonic Grease SK-1A (Size 20 or larger)
Lubricant | Grease Name

Harmonic Grease SK-2 (Size 14 and 17)
Quantity Recommended quantity

lubrication

M Efficiency at rated torque

H Efficiency compensation coefficient

When the load torque is lower than the rated torque, the efficiency value
decreases. Calculate compensation coefficient Ke from Graph 279-1.

Graph 279-
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*When the load torque is higher than the rated torque, efficiency compensation value
Keis 1.
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Checking output bearing

A precision cross roller bearing is built in the unit type to directly
support the external load (output flange).

Check the maximum moment load, life of the cross roller bearing
and static safety coefficient to fully bring out the performance of the
unit type.

See page 030 to 034 of "Engineering data" for each calculation
formula.

H Checking procedure

(1) Checking the maximum moment load (Mmax)

Calculate the maximum moment load (Mmax). M Maximum moment load (Mmax) < allowable moment (Mc)

(2) Checking the life

Calculate the average radial load (Fray) and the average axial load (Faav)»{ S:;l:":?:t“(’ye) radial load coefficient () and the axial load

M Calculate the lifetime

(3) Checking the static safety coefficient

’ Calculate the static equivalent radial load coefficient (Po). M Check the static safety coefficient. (fs)

H Output bearing specifications

The specifications of the cross roller are shown in Table 280-1.

Specifications

Table 280-1

d:::.ti': ;':glneer Basic rated load Allowable Moment stiffness Km
dp Basic dynamic rated load Basic static rated load moment load Mc
C Co x10° Nm/rad kgfm/arc min

m x10°N kgf x10°N kof Nm kgfm
14 0.0503 0.0111 29 296 43 438 37 3.8 2.1
17 0.061 0.0115 52 530 81 826 62 6.3 12.7 3.8
20 0.070 0.011 73 744 110 1122 93 9.5 21 6.2
25 0.086 0.0121 109 1111 179 1825 129 13.2 31 9.2
32 0.112 0.0173 191 1948 327 3334 290 29.6 82.1 24.4
40 0.133 0.0195 216 2203 408 4160 424 43.2 145 43.0

(Note) * The basic dynamic rated load is the static radial load needed to result in a basic dynamic rated life of one million rotations.
* The basic static rated load is the static load that produces a contact stress of 4 kN/mma2 in the center of the contact area between the rolling

element receiving the maximum load.
* The moment stiffness value is an average.

* Allowable moment load is the maximum moment load that may be applied to the output shaft. Please adhere to these values for optimum

performance. Moment stiffness is a reference value. The minimum value is approximately 80% of the displayed value.

* Allowable axial or radial load is the value that satisfies the reducer life when either a radial load or an axial load is applied to the main shaft. (When

radial load is Lr+R=0mm, and axial load is La=0mm)
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Simplicity Unit (2SH) Design Guide

Installation accuracy

For peak performance of the gear, it is essential that the following
tolerances be observed when assembly is complete.

Pay careful attention to the following points and maintain the
recommended assembly tolerances to avoid grease leakage.

+ Warping and deformation on the mounting surface

+ Contamination due to foreign matter

+ Burrs, raised surfaces and location around the tap area of the
mounting holes

Insufficient chamfering on the mounting pilot joint

Insufficient radii on the mounting pilot joint

Recommended tolerances for assembly Fig. 281-1
Case mating face
G ® A 5 @ 1] o 8]
Recommended shaft A B
tolerance H6 or h6
__ A A;I_
: 3 3 S B
Bs| BE
To T
58| 82
EZ EP Ei §4
83| 83| /3
occ xc 1
H7 | H7 r I j F Q
(L] a [A] ]« [s]
Flexspline mounting face Wave generator mounting face
©f ¢ [8]
Recommended shaft
tolerance h6
Table 281-1
Recommended tolerances for assembly Unit:mm
Size
F— 14 17 20 25 32 40
a 0.016 0.021 0.027 0.035 0.042 0.048
$b 0.015 0.018 0.019 0.022 0.022 0.024
c 0.011 0.012 0.013 0.014 0.016 0.016
d 0.008 0.010 0.012 0.012 0.012 0.012
Pe 0.016 0.018 0.019 0.022 0.022 0.024
. . . . Table 281-2
SHD-2SH recommended size of O-ring groove Fig 281-2 Recommended size of O-ring groove Unit: mm
. O-ring
h SR i 9 i (provided with product)
14 57 +0.1/0 2 +0.25/0| 1.1 0/-0.1 54.38 x 1.19
17 68.1 | +0.1/0 2 +0.25/0| 1.1 0/-0.1 64.0x 1.5
20 78 | +0.1/0| 2.7 [+0.25/0| 1.5 | 0/-041 72.0 x 2.0
25 94.8 | +0.1/0 | 2.4 |+0.25/0| 1.35 | 0/-0.1 88.62 x 1.78
32 123 | +0.1/0 | 2.7 [+0.25/0| 1.5 | 0/-0.41 117.0 x 2.0
40 148 +0.1/0 2.7 | +0.25/0 1.5 0/-0.1 142.0 x 2.0
° s
\
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= Unit Type (2UH) Design Guide
=
s
£ Output part and fixed part
(]
[=
w Fig. 282-1
The output part of the SHD series varies depending on where it
is to be fixed. The reduction ratio and the rotational direction . T ,
also change. The relation is shown below. (A) side 4 -1 (B) side
\
S
— L —
@ U
[«}]
(7]
"E Table 282-1
o . Rotational direction
g IFESEE! e (Ot PE and reduction ratio ’3
=3
(A) side (B) side (2) on page 011
£
o
(&) (B) side (A) side (1) on page 011 I L o B
Installation and transmission torque
Installation and transmission torque on (A) side Table 282-2
Size
Item 14 17 20 ) 32 40
i Number of bolts 8 12 12 12 12 12
=
5 Bolt size M3 M3 M3 M4 M5 M6
= Pitch Circle
g Diameter mm 64 74 84 102 132 158
G Clamp Nm 2.0 2.0 2.0 45 9.0 15.3
torque
Transmission| N 108 186 210 431 892 1509
torque
(Notes) 1. The material of the thread must withstand the clamp torque. 3. Torque coefficient: K=0.2
2. Recommended bolt: JIS B 1176 socket head cap screw. 4. Tightening coefficient: A=1.4
Strength range : JIS B 1051 over 12.9. 5. Tightening friction coefficient u=0.15
I
4
Q Installation and transmission torque on (B) side Table 282-3
a - Size 14 17 20 25 32 40
©
< Number of bolts 8 12 12 12 12 12
Q
8 Bolt size M3 M3 M3 M4 M5 M6
=
o Pitch Circle | 43 52 61.4 76 99 120
Diameter
Effective depth | 45 45 45 6 8 9
of screw part
Clamp Nm 2.0 2.0 2.0 45 9.0 15.3
torque
I USSR | o 72 130 154 321 668 1148
torque
[ . . _
B (Notes) 1. The material of the thread must withstand the clamp torque. 3. Torque coefficient: K=0.2
- 2. Recommended bolt: JIS B 1176 socket head cap screw. 4. Tightening coefficient: A=1.4
s Strength range : JIS B 1051 over 12.9. 5. Tightening friction coefficient p=0.15
-
] * Since the flange material on the case side is AL (aluminum), be sure to tighten the bolt to the specified torque as described above.
< If the tightening torque exceeds the above value, the correct transmission torque may not be secured or the bolt may be loosened.
o3 Use washers instead of putting the aluminum directly on the bolt-bearing surface when tightening with the bolt from the A side.
(2}
©
©
o
L
S
©
Q
O
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Gear Unit SHD

Recessing of the mounting pilot

When the housing interferes with corner “A” shown below, an
undercut in the housing is recommended.

Mounting pilot

[

A

Recommended housing undercut

Axial force of the wave generator

When a SHD gear is used to accelerate a load, the deflection of the
Flexspline leads to an axial force acting on the Wave Generator.
This axial force, which acts in the direction of the back end of the
Flexspline, (toward the left in fig. 283-3) must be supported by the
bearings of the input shaft (motor shaft).

When an SHD gear is used to decelerate a load, an axial force acts
to push the Wave Generator out of the Flexspline (toward the right
in fig. 283-3). Maximum axial force of the Wave Generator can be
calculated by the equation shown to the right. The axial force may
vary depending on its operating condition. The value of axial force
tends to be a larger number when using high torque, extreme low
speed and constant operation.

The force is calculated (approximately) by the equation. In all cases,
the Wave Generator must be axially (in both directions), as well as
torsionally, fixed to the input shaft.

(Note) Please contact us for further information on attaching the Wave
Generator to the input (motor) shaft.

Axial force of the wave generator

|
—

Direction of axial
force during
deceleration

Direction of

axial force during
acceleration or
constant velocity

Fig. 283-1 Fig. 283-2
S 0.2
© l :
o\
(&)
Formula for axial force Table 283-2
Ratio Calculation formula
i =50:1 F=2x 55 x0.07xtan 30°+2PF
i =100:1 more F=2x & x0.07xtan 20°+2,PF
Axial force by bearing reaction force Table 283-3
Model Size 2uPF (N)
14 1.2
17 88
20 5.6
SHD 25 9.3
32 16
40 24
Fig. 2833 Symbols of the calculation formula Table 283-4
F Axial force N See Fig. 283-3.
D (Size) x 0.00254 m
T Output torque Nm
2UPF | Axial force by bearing reaction force N See Table 283-3.

Calculation example
Model
Size
Ratio T |
Output torque : 200Nm
200
(32x0.00254)
F=215N

F=2x

Formula 283-1

x0.07xtan30°+16

Standard lubrication for SHD series is grease lubrication.
See "Engineering data" on Page 016 for details of the lubricant.

Recommended minimum housing clearance

These dimensions must be maintained to prevent damage to the
gear and to maintain a proper grease cavity.

L . Table 283-5
Minimum housing clearance Unit: mm
Sirs
Symbol 14 17 20 25 32 40
da 36.5 45 53 66 86 106
b 1(3) 1@ [15(45) [15(45)| 26) |25(7.5)
dc 31 38 45 56 73 90
d 1.4 1.8 1.7 1.8 1.8 1.8
e 1.5 1.5 1.5 1.5 3.3 4

(Note) The value in parenthesis is the value when the wave generator is facing upward.

Recommended minimum housing clearance

Fig. 283-4

Maximum Length for Installation

(Internal diameter is d W e
used for attachment)

Counter bore
for bolt head

da
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Application guide
As the SHD series is shipped with the outer race of the cross roller bearing and the
flexspline temporarily bolted together, grease is applied to the gear teeth, the
periphery of the flexspline and the tooth groove of the circular spline. Refer to the
following application guide for grease application instructions.

Application guide Table 284-1

Cross roller bearing (outer race)

Circular spline
. lreuar spine Wave Generator

Apply thin coating of
/7 grease before installation

3: — Thickness of diameter of
Flexspline T A{ wave generator bearing

— Apply grease to inner Fill cavity between
sqr‘face in accordance retainer and bearing
with a value shown with grease

below

linie}

Application quantity

Table 284-1
Unit: g

Application qty 5 9 13 24 51 99

When to replace grease

The wear characteristics of the gear is strongly influenced by the
condition of the grease lubrication. The condition of the grease is
affected by the ambient temperature. The graph shows the
maximum number of input rotations for various temperatures. This
graph applies to applications where the average load torque does
not exceed the rated torque.
Symbols for formula Table 284-2

Replacement timing if average Number of input
load torque exceeds rated torque revolutions

Replacement timing if average load @
torque is equal to or less than rated Number of input

See Fig. on the left.

Formula when the average load torque exceeds the torque (or use formulas, i. Tav < T) revolutions
rated torque Formula 284-1 See the Rating table
" : Rated torque Nm on Page 270.
r
Ler=Lem X ( —_— ) Calculation formula:
Tav Average load torque Nm See Page 14.

When to replace grease: LcTn (when the average load

torque is equal to or less than the rated torque) Graph 284-1
H Other precautions
§ é 10 =1 1. Avoid using it with other grease. The gear should be in an
g= Lipaiigiezse individual case when installed.
% 95’, 2. If you use the gear with the wave generator facing upward (see
z9 4B Np.2 Figure 050-2 on Page 050) at low-speed rotation (input
£3 10° = rotational speed: 1000 rpm or less) and in one direction, please
G Q@ X contact us as it may cause lubrication problems.
go T sK-1A
B ag’ \ Sk 3. Fill the gap between the wave generator and the input cover
g é (motor flange) with grease to use the wave generator facing
oS 10e \ upward or downward (see Figure 094-2 on Page 094).
2% — Life of wave generator’
€ £
232
58
58
£33 1o
20 40 60 80 100 120
Grease temperature (°C)

* Life of wave generator is based on L10 life of the bearing.




Precautions on installation

Hl Assembly order of the three basic elements

The wave generator is installed after the flexspline and circular spline. If the wave generator is
not inserted into the flexspline last, gear teeth scuffing damage or improper eccentric gear mesh
may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise and
vibration, and can lead to early failure of the gear. For proper function, the teeth of the flexspline

and Circular Spline mesh symmetrically.

Assembly order for basic three elements Fig. 285-1
0AL
=
i@ i@
o o
Wave generator H-= 8 Wave generator
E_]
Circular spline (Note)
Flexspline Do not build in the wave generator from the
Cross roller bearing diaphragm side of flexspline.

B Precautions on assembly

It is extremely important to assemble the gear accurately and in
proper sequence. For each of the three components, utilize the
following precautions.

Wave generator

1. Avoid applying undue axial force to the wave generator
during installation. Rotating the wave generator bearing
while inserting it is recommended and will ease the process.

2. Extra care must be given to ensure that concentricity and
inclination are within the specified limits (see page 281).

3. Installation bolts on the Wave Generator and Flexspline should
not interfere each other.

Circular spline

The circular Spline must not be deformed in any way during the
assembly. It is particularly important that the mounting surfaces
are prepared correctly.

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate relief in the housing corners is needed to prevent
interference with the corner of the circular spline.

4. The circular spline should be rotatable within the housing. Be
sure there is not interference and that it does not catch on
anything.

5. Bolts should not rotate freely when tightening and should not
have any irregularity due to the bolt hole being misaligned or
oblique.

6. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them with the specified torque. Tighten
them in an even, crisscross pattern.

7. Avoid pinning the circular spline if possible as it can reduce the
rotational precision and smoothness of operation.

Flexspline

1. Mounting surfaces need to have adequate flatness,
smoothness, and no distortion.

2. Especially in the area of the screw holes, burrs or foreign
matter should not be present.

3. Adequate clearance with the housing is needed to ensure no
interference especially with the major axis of flexspline

4. Bolts should rotate freely when installing through the mounting
holes of the flexspline and should not have any irregularity due
to the shaft bolt holes being misaligned or oblique.

5. Do not tighten the bolts with the specified torque all at once.
Tighten the bolts temporarily with about half the specified
torque, and then tighten them to the specified torque. Tighten
them in an even, crisscross pattern.

6. The flexspline and circular spline are concentric after
assembly. After installing the wave generator bearing, if it
rotates in unbalanced way, check the mounting for dedoidal or
non-concentric installation.

. Care should be taken not to damage the flexspline diaphragm
or gear teeth during assembly.

Avoid hitting the tips of the flexspline teeth and circular spline

teeth. Avoid installing the CS from the open side of the
flexspline after the wave generator has been installed.

~

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The
gear external surfaces typically have only a temporary corrosion
inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.

Gear Units
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Features

FBS-2UH Extra-Large Hollow Shaft

This Harmonic Drive® gear features a large, hollow shaft with a
compact outer diameter. An extra large hollow shaft is ideal for
robots and machines requiring complex cabling to pass through
the axis of rotation. The new gear design features Harmonic
Drive’s “S” tooth profile for optimal tooth engagement resulting
in high torque, high-torsional stiffness, long life and smooth
rotation. The new FBS Series is available in two sizes (25, 32)
and three ratios (30:1, 50:1, 100:1).

Features of FBS-2UH Series

M Extra large hollow-shaft diameter is our largest yet for a
standard product

B Compact dimensions for use in robotics

B QOuter diameter and hollow bore optimized for design flexibility
and performance

Small outer diameter

Y

Ratio of the hollow-shaft diameter to the outer diameter Table 288-1

Size Hollow-shaft diameter Outer diameter Ratio
25 41.0mm 93mm 44%
[ 32 | 55.imm | 113mm | 49% |

Ordering Code

F:BS-25’5-350-2L:JH-S_:P

Table 288-2
Model name Reduction ratio Special Specifications
25 30 50 100 _
FBS Series Unit Type - ?I;\nk = IStsande?fr'd F;roduc(:; .
32 30 50 100 = Special Specifications Code




Gear Unit FBS

Technical Data e

Rating table

Table 289-1
. Rated torque at Limit for repeated Limit for average  Limit for momentary ~ Maximum input Limit for average Moment of inertia
S Reduction input speed peak torque load peak torque speed input speed (1/4GD?
1€ ratio 2000rpm
N-m kgf-m N-m kgf-m N-m kgf-m N-m kgf-m rpm rpm kg-em’
25 50 22 2.2 47 4.8 35 3.6 93 9.5 2500 1.0
100 37 3.8 70 71 59 6.0 100 10.2
3600
30 30 3.1 48 4.9 48 4.9 96 9.8
32 50 43 4.4 92 9.4 67 6.8 151 15.4 2300 3.3
100 56 5.7 106 10.8 89 9.1 151 15.4
Ml Outline dimensions .
ig 289-1
(B)
©) D E (F)
G H]| | )
T Processing range
T - i
H = i _
}
;7 J‘
[ -kl
o——1T 1
~J
K L
25 iy = 3y
o 8 9 5 =
% ¥

Cross roller bearing inner ring fixing bolt
Size 25
Ratio 30, 50: 10-M3x10 evenly arranged
Ratio 100: 20 equally spaced15-M3x10

Size 32

Ratio 30, 50: 12-M3x14 evenly arranged
Ratio100: 24 equally spaced18-M3x14

#¢1:Outer diameter of output rotor part (low-speed rotation side)
%2 Outer diameter of input rotor part (high-speed rotation side)

Hl Measurement table

Table 289-2
Unit: mm

dMh7 ¢Nh7 $O &P H7 GQh7 SRh7 @S

25 93 [53.1| 2 [215(266| 3 [11.0[105[16.1| 8.8 [19.0|33.4| 78 50 |41.0[ 55 69 90 |61.4|M3x4.5| 84 | 3.5 | 45.5 |[M3x5(77.5
<2l | 113 (625 2 [252(32.3( 3 [13.7(11.5(20.0| 7.5 |21.7|39.97| 96 65 |55.1| 69 84 | 110 |77.0[ M4x6.0| 102 | 4.5 | 60.0 | M3x6 [95.5
H Input part (wave generator axial clearance) Fig 289-2
The support structure of the input part has internal clearance, and :
the input part moves depending on the external force or operating :
o . . b a
conditions. The following table shows the axial clearance. ——|—+—|<—
If positioning in the axial direction is required, the design that can :
fix the part must be secured.
Table 289-3 :
Unit: mm | X
Axial clearance
Dimension X
25 3 0.1t00.7 0.0t0 0.6
32 3 0.2t00.8 0.1t0 0.7
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POSitiona| accuracy See “Engineering data” for a description of terms.
Table 290-1
Size
Reduction ratio 25 32
8.7 8.7

20 x10""rad
arc-min 3 3
x10"*rad 5.8 5.8
50 N
arc-min 2 2
10 . .
100 x10 rad 58 58
arc-min 2 2

Hysteresis |OSS See “Engineering data” for a description of terms.
Table 290-2
Size
Reduction ratio

25 32
x10"*rad 8.7 8.7
30 -
arc-min 3 3
x10™rad 5.8 5.8
50 -
arc-min 2 2
x10*rad 2.9 2.9
100 -
arc-min 1 1

T rsiona| stiffness See “Engineering data” for a description of terms.
Table 290-3
Size
Symbol 25 32
7.4 16

T N'm

kgf-m 0.75 1.6

T N-m 26 55

kgf-m 2.7 5.6

x10°N-m/rad 1.3 2.1
K kgf-m/arc-min 0.4 0.64

e x10°N-m/rad 1.3 24

kgf-m/arc-min 0.4 0.71

Reduction ratio K x10°N-m/rad 1.6 2.9
30 kgf-m/arc-min 0.48 0.87
x10*rad 5.4 7.4

& arc-min 1.9 25

o x10*rad 19 24

arc-min 6.6 8.2

% x10°N-m/rad 1.9 8i5)

kgf-m/arc-min 0.56 1.0

ke x10°N-m/rad 2.0 3.7

kgf-m/arc-min 0.6 1.1

Reduction ratio - x10°N-m/rad 2.3 43
50 kgf-m/arc-min 0.69 1.3
x10"*rad 3.9 4.5

i arc-min 1.4 1.6

x10*rad 13 15

& arc-min 4.5 5.2

K x10°N-m/rad 3.2 6.5

kgf-m/arc-min 0.94 1.9

% x10°N-m/rad 3.2 6.5

kgf-m/arc-min 0.94 1.9

Reduction ratio Ke x10°N-m/rad 3.2 6.6
100 kgf-m/arc-min 0.94 2.0
@ x10*rad 2.0 22

arc-min 0.7 0.8

o x10*rad 7.8 8.3

arc-min 2.7 2.9

* The values in this table are reference values. The lower-limit value is approximately 70% of the displayed value.
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Star‘hng torque See “Engineering data” for a description of terms. As the values in the table below vary depending on the use conditions, use them as reference values.

Size
Reduction ratio 25 32
30 25 54

Table 291-1
Unit: cN'm

50

15

31

100

11

20

Back riving torque See “Engineering data” for a description of terms. As the values in the table below vary depending on the use conditions, use them as

reference values.

Size
Reduction ratio 25 32
30 11 23

Table 291-2
Unit: N-m

50 9 18
100 13 22
Ratcheti ng to rq §[=¥ See “Engineering data” for a description of terms.
Table 291-3
Unit: N-m
Size
Reduction ratio 25 32
30 170 270
50 200 410
100 270 510

BuCkling torq §[=]) See “Engineering data” for a description of terms.

If the torque that exceeds the value listed in the following table is applied to the output part while the input part is fixed, the tightening

part of the unit is damaged, and the torque cannot be transmitted. Table 291-4

Unit: N-m

Reduction ratio

100
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No-load running torque

No-load running torque is the torque which is required to rotate the
input side (high speed side), when there is no load on the output
side (low speed side).

* For detailed values, contact us.

Measuring condition

Table 292-1

Reducer

Main roller bearing

Harmonic Grease® SK-1A

Harmonic Grease® 4B No.2

Torque value is measured after 2 hours at 2000rpm input.

Graph 292-3

10
Ambient Temperature (°C)

20 30 40

Graph 292-6

Size: 25 Size: 25 Size: 25
Reduction ratio: 30 Graph 292-1 Reduction ratio: 50 Graph 292-2 Reduction ratio: 100
1000 1000 1000
€ SRR € <. T T
;100 ;100 ;100
g — g S g S
S = == S = = = S =
c = c — 9 €
hel kel =~ hel
g g — £
210 S 10 S 10
1 1 1
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0
Ambient Temperature (°C) Ambient Temperature (°C)
Size: 32 Size: 32 Size: 32
Reduction ratio: 30 Graph 292-4 Reduction ratio: 50 Graph 292-5 Reduction ratio: 100
1000 1000 1000
£ £ £
5 - 5 - S
2100 = Z100 = €100
[} = = [} = = = (o3
g ——t g ====C g
S —E- S = T S
c c c
5 5 ]
e kel o
S 8 8
210 2 10 2 10
1 1 1
-10 0 10 20 30 40 -10 0 10 20 30 40 -10 0 10
Ambient Temperature (°C) Ambient Temperature (°C)
Input rotational speed 500rpm = —=mmmmmmme———meee 1000rpm - —-=- 2000rpm

Note: These graph values are average of X.

Ambient Temperature (°C)

20 30 40

- 3500rpm




Gear Unit FBS

When the load torque is lower than the rated torque, the efficiency

value decreases. Calculate the compensation coefficient Ke from

Graph 293-1 using the following example.

*1 The efficiency compensation coefficient is the average value when the grease
temperature is approximately 30°C.

*2 When the load torque is greater than the rated torque, the efficiency compensation
coefficient Ke = 1.

Efficiency correction coefficient: Ke
Efficiency at rated torque: nR
Efficiency depending on the load torque: n

n=Ke x nR
Load torque

Torque ratio a =
Rated torque

Measuring condition Table 293-1
Reducer Main roller bearing
Harmonic Grease® SK-1A Harmonic Grease® 4B No.2

The efficiency value is measured after two or more hours run-in at 2000 rpm input speed.

Efficiency compensation coefficient Graph 293-1

-
o

o
©

o
o

o
o

N

Efficiency compensation coefficient Ke

0 0.2 0.4 0.6 0.8 1.0
Rated torque ratio a
Efficiency at rated torque

Size: 25 Size: 25 Size: 25
Reduction ratio: 30 Graph 293-1 Reduction ratio: 50 Graph 293-2 Reduction ratio: 100 Graph 293-3

100% 100% 100%

80% 80% 80%

> > >
2 2 2
g 8 60% & 609
g S k2]
= = =
w w w

40%

0% 0%
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (°C) Ambient Temperature (°C)
Size: 32 Size: 32
Reduction ratio: 30 Graph 293-4 Reduction ratio: 50 Graph 293-5
100% 100%
80% 80%
5 g
5 60% g
L =
= ]
i

409

0%
-10 0 10 20 30 40
Ambient Temperature (°C)
Size: 32
Reduction ratio: 100 Graph 293-6
100%
80%

Efficiency
[}
o
3

0% 0% 0%
-10 0 10 20 30 40 -10 0 10 20 30 40 -10
Ambient Temperature (°C) Ambient Temperature (°C)
Input rotational speed ——— 500rpm ~ —-—--—----—---—— 1000rpm =i 2000rpm

0 10 20 30 40
Ambient Temperature (°C)

S 3500rpm

Note: These graph values are average of X.
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N Gear Unit FBS
©
o
m - .
= Checking output bearing
?:) A precision cross roller bearing is built in the unit type to directly support the external load (output flange).
S Please calculate maximum moment load, life of cross roller bearing, and static safety factor to fully maximize the performance of housed
c unit (gearhead).
w
H Checking procedure
(1) Checking the maximum load moment load (Mmax)
Calculate the maximum moment load (Mmax). M Maximum moment load (Mmax) < allowable moment (Mc)
L (2) Checking the life
2 ’ Calculate the average radial load (Frav) and the average axial load (Faav). M Calct_lle_\te the radial load coefficient (x) and the axial load »{ Calculate the lifetime
[} coefficient (y).
(72}
"q:: (3) Checking the static safety coefficient
g ’ Calculate the static equivalent radial load coefficient (Po). »{ Check the static safety coefficient. (fs)
o
£
Q - ra - Table 294-1
o M Output bearing specifications
A e ElE: Offset amount Basic rated load Allowable .
of a roller t load Moment stiffness
d Basic dynamic rated Basic static rated load mom;\e/ln Km
P load C Co <
m x10°N x10°N kgf . kgf-m x10°N-m/rad  kgf-m/arc-min
[ 25 0.070 0.0110 73 744 110 1122 93 9.5 21 6.2
® 32 0.086 0.0121 109 1111 179 1825 129 13.2 31 9.2
=
[=
>
s Installation accuracy .
g Fig 294-1
S Recommended tolerances for assembly
/e
(/]d]
[/]c]
=
[/]b]
I
()
£
(2]
e
S
5 —_
< /la
Q o
(7}
©
=
o
B High-speed part
Low-speed part ’
] Z;/
/ (/]9}
Q Table 294-2
[e]
= Recommended tolerances for assembly Unit: mm
=] :
- Size
Q Symbol B B2
< ) 0.015 0.015
05 a . .|
() b 0.010 0.010
©
3 c 0.010 0.010
K=
- d 0.010 0.013
3
0] e 0.070 0.073
f 0.010 0.010
g 0.018 0.024

294  HarmonicDrive™
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Allowable load on the input shaft

Two bearings support the input part. To fully exert the performance, please check the load to be applied to the input part.
The following graph shows the maximum allowable radial load and thrust load for each size.
Note that the values on the graph are the examples when the average input speed is 2000 rpm and basic rating life L, is 5,000 hours.

Fig 295-1 Graph 295-1

1100

Radial load Fr 1000

900

700

600 \

500 A\

400

300 \

200

] 100 \
] 0 \

0 100 200 300 400 500 600 700
Axial load Fa [N]

Radial load Fr [N]

—<¢ummml  Axial load Fa

]

Axial force of the input shaft

Axial force applies to the wave generator during operation due to elastic deformation of the flexspline.

In response to this force, this product may move in the shaft direction since the wave generator support structure has the clearance.

To reduce the movement in the input shaft direction, the design to receive the thrust force must be secured.

The thrust force (maximum value) of the wave generator can be obtained through the following formula.

The severity and direction of the thrust force varies depending on the operating conditions. The axial force tends to increase at the
extremely low speed and during the fixed continuous speed while the torque is higher, and is approximately equal to the value obtained
by the formula. In both cases, the design to receive the thrust force of the wave generator must be secured.

Fig 295-2 Table 295-1
Reduction
ratio Formula
T
30 F=5.2x 5 x0.07xtan 32°
T
More than 50 F=5.2x 5 x0.07xtan 30°

F = Axial force (N)
T = Output torque (N-m)
D = (Size) x 0.00254 (m)

[ -

=)

Direction of Direction of
axial force during axial force during
deceleration

acceleration or
constant velocity
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Installation accuracy and t

mission torque

H Installation accuracy

For peak performance of the gear, it is essential that the
following tolerances be observed when assembly is complete.
Pay careful attention to the following points and maintain the
recommended assembly tolerances to avoid grease leakage.

» Warping and deformation on the mounting surface

+ Contamination due to foreign matter

« Burrs, raised surfaces and location around the tap area of
the mounting holes

« Insufficient chamfering on the mounting pilot joint

« Insufficient radii on the mounting pilot joint

Installation and bolt transmission torque on side A

Number of bolts

Table 296-1

Bolt size

Installation of bolts:
PC.D.

Bolt tightening torque

Bolt transmission

torque

1. Itis assumed that the material of the female screws can endure the bolt tightening
torque.
2. Recommended bolt  Bolt name: JIS B 1176 hexagonal bolt
Intensity type: JIS B 1051 12.9 or more
. Torque efficiency: K=0.2
. Tightening efficiency: A=1.4
5. Friction coefficient on the surface contacted: p=0.15

M Manufacturing for Mating Part and Housing

When the housing interferes with corner “A”, an undercut in the

housing is recommended as shown below. Fig 2962

Fig 296-1
B .|
Installation and bolt transmission torque on side B Table 206-2

Number of bolts

Bolt size
Installation of bolts:
PC.D.

Bolt tightening torque

Bolt transmission
torque

1. Itis assumed that the material of the female screws can endure the bolt tightening
torque.

2. Recommended bolt  Bolt name: JIS B 1176 hexagonal bolt
Intensity type: JIS B 1051 12.9 or more

3. Torque efficiency: K=0.2

4. Tightening efficiency: A=1.4

5. Friction coefficient on the surface contacted: p=0.15

Fig 296-3

A

Recommended Housing Undercut

0.2

Y
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For lubrication of FBS-2UH, grease is used. The product is Table 297-1
shipped with grease applied. Additional grease or lubricant is e Reducer Main roller bearing
not required during assembly. For lubrication, use the following

Lubricant name Harmonic Grease® SK-1A Harmonic Grease® 4B No.2
grease.

Manufacturer Harmonic Drive Systems Inc.

Base oil Refined oil Composite hydrocarbon oil

H When to replace grease

Puffing agent Lithium soap base Urea

See “Engineering data” for details. Mixing
consistency 265 to 295 290 to 320
(25°C)

Drop point 197°C 247°C

Exterior Yellow Light yellow

Application

FBS-2UH is not equipped with the sealing mechanism on the input side (high speed side) to prevent larger loss of friction caused by the
larger-diameter sealing mechanism.

The following figure shows an example of sealing of the housing and on the output side (low speed side) to reduce loss of friction on the
input side (high speed side) and greatly utilize the hollow-shaft shape. Note that the sealing agent or sealing mechanism such as an
O-ring is required for each part to prevent grease leakage.

Fig 297-1

Sealing Sealing
| —

Sealing

Sleeve Ring gear

™1 0ilseal
N
Arm Arm
N
FBS-2UH

Engineering Data I

Component Sets I

Gear Units I

Phase Adjusters I

Gearheads & Actuators I

HarmonicDrive® 297




) N S N S S N N N
m 5T O S O S S S S A A AR
LL 25T O O S S S S SR S B
b~ O 5T O O S N S S S AR A S
c = 25T O S S S S SR S B
> L 5T O N S S S S S A A SR
m = T A A
(]

O

ejeq Buussuibug s1as Jusuodwo) syun Jean siaisnlpy aseyd s10}enjoy @ speaylear

HarmonicDrive"

298




FD Series
Differential Gear FD

Features 300
Rotational direction and reduction ratio «.....coeeeeeeueucnnene 301
Ordering code 302
How to use « Usage example «--s-sessessessesensnananne 303
« Example of assembly «eeeeeeeeeeeeeeiens 304
- Difference between the differential -+----- 305
gear and the Harmonic differential
« Example of design «---eeeseeseesesensns 306
« Gear selection datg «-----eesereeesrereen 306
« Example of calculation ««-e-seeeeeveeees 307
Technical data « Rating table 308
+ Outline dimensions and «---..eceeseeee. 309
drawings (FD-0)
« Outline dimensions and ««--+.sseeeeee 310
drawings (FD-2)
« Efficiency 311

Design guide

« Moment of inertia

- 311

» Max. allowable rotational speed ----.- 311
« Lost motion and the __ |

spring constant 312
« Precautions on handling «««-s.eeeeeeee 313

« Precaution on assembly ««++.eeeeeeeenee 313

« Lubrication 313




300

Engineering Data I

Component Sets I

Phase Adjusters I

Gear Units

Gearheads & Actuators

HarmonicDrive™

Differential Gear FD

Feature:s

Differential gear FD series

The FD series is an extremely compact differential unit that allows
you to fine-tune the phase and timing during operation.

Like the pancake component sets, the FD series consist of four
parts. FD is available as a gear unit with housing or as a
component set without a housing. The housing enables additional
gears or pulleys to be directly mounted onto it.

Features of FD series

Hl Pancake component set

B Ultra compact differential unit

B Backlash is very small and unit requires no assembly adjustment

B Very large reduction ratios between the adjusting shaft and the
output, it allows precision position adjustment and requires little
torque for adjusting the shaft

W Easily installed into OEM equipment

B Component set consists of only four parts and is mounted
coaxially

Structure of the FD series Fig. 300-1

Component type ; “"

Wave Flexspline
generator Housing

Housin

Circular spline S Circular spline D

It has two more teeth
than the flexspline like the
cup-type circular spline.

It has the same number of teeth as the
flexspline. As it generates no relative
rotation with the flexspline, it rotates at the
same speed as the flexspline.

Fig. 300-2

® © ® O6 6@ 06 @

®6e® 6 O 6 0

Part No. Part name

Wave generator
Wave generator plug
Wave generator bearing
Retainer presser

Flexspline
Circular spline S
Circular spline D

Unit type (FD-0)

Ball bearing
Internal C-type stop ring
Housing
Bolt with hexagonal hole

SlIElCClCICICICECACEC)

— H e (Note) How to tell circular spline D from circular spline S
 ——\— The peripheral chamfering of circular spline D is
larger than that of circular spline S.

Component type (FD-2)




Differential Gear FD

Rotational direction and reduction ratio

The rotational direction is the same as the FB series (Page 105).
This section describes how to use the unit as a differential unit.
(R indicates the reduction ratio value in the ratings table.)

Fig. 301-1
Input:  Circular spline S I\ Input: ~ Wave generator /~\ 2y
Output: Circular spline D Output: Circular spline D
Fixed: ~ Wave generator Fixed:  Circular spline S
R tion ratio (i) is: R ion ratio (i) is:
eduction ratio (i) is: 'l Z eduction ratio (i) is: ‘
R n 7 1
i=— [] 7 i=—— [ |
R 7 R
'l Z U
% |
7 L}
Hence, input rotation: Ns 7 Hence, input rotation: Nw
output speed: Not Output output speed: No2 Output Input
R+1 1
No =7 Ns T No ==~ N T —
When@and@are combined, the T\ N,=N, +N,,
rotational speed of circular spline S R+ 1
is represented as shown on the right. =—N.-.—N
R S(+) R w
(Note) The sign (+) indicates that the wave generator is turned
in the opposite direction to the circular spline S.
N/
Fig. 301-2
Input:  Circular spline D Input: ~ Wave generator e
Output: Circular spline S Output: Circular spline S
Fixed: =~ Wave generator Fixed:  Circular spline D
Reduction ratio (i) is: 4 Reduction ratio (i) is:
Z
_ R 7 .
i=—— 7 =
R+1 7 R+1
Z
Z
7
Hence, input rotation: No 7 Hence, input rotation: Nw
output speed: Nsi Input output speed: Ns2 Input
N, = Ll =
R+ P R+t Y T
When (1) and (2) are combined, the N.=N_+N,,
rotational speed of circular spline D 4
is represented as shown on the right. = No+ ——
R+1 ) R+t ¥
[ ] [ ]
I [ |
[ | 1
L] 1
(Note) The sign (-) indicates that the wave generator is turned in
the opposite direction to the circular spline D.
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Differential Gear FD

Ordering C o d e

FD-20-80-0-G

i i v i i Table 302-1

Series Size Ratio " Model

20 |—]80]—[—J100]—|—[—-[28]-[—[-[—-Teo]-[-[-]-[-]-]- Unit type

25 | —|8o|—[—=ltoo[— =120 = |=[=|=[=T1e0] = Jeoo| = | = [ =] =[ = G=Oil

32 |78 —|—[—=|t00]—|—]—=]=]181] = |157] — | = | = |200] — | = | = |260] — lubrication

4 |—|80|—|—Jt00o|— |— [—|128] — |- | — [— [160] — |200] — | — [258] — | — | O=Unittype | G-GP=Grease
FD 50 — 80| = | =100 = | = 20| = | = | = | = | = [160| = |200] = |242| — | — | — | 2= Component | lubrication

[ I D _ — 1= —_ [ = — | type

65 78 104 132 158 208 260 Component type

80 | — 80| —Jo6|—|—[—|—[128] = |—[—|—[160[194] — | — [ — |258] — [320 G= New type

100 — |80 —|—100]—|— 120 — |— | — | — | — [160] — |200| — |242] — | — [320

*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline S, output: circular spline D



How To Use

Differential Gear FD

Usage example

B Phase adjustment

Fig. 303-1
Roll (2) =
Adjustment
motor
Roll (1) =
e
M Fine adjustment
Fig. 303-2
Gs =
Adjustment
motor
[0Xe)
[oXe)
Z,
Main motor Z,
Drive shaft
H Continuous operation adjustment
Fig. 303-3
GCo G _—— Wave ge