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gordering Information .~~~ -

MODEL CUSTOMIZED SPECIFICATION (SPECIAL)
SIzE 2A - COMPONENT SET SUCH AS SHAPE AND PERFORMANCE
2UH - Housebp UNIT SET

NAME OF MODEL
INDICATES SHORT CUP DESIGN GEAR RATIO
HARMONIC DRIVE GEARING

GR = SPECIFICATION
FOR COMPONENT

CSF: STANDARD VERSION

CSG: HiGH TORQUE VERSION

Evolution of Harmonic Drive Gearing

Harmonic drive gearing continues to evolve by improving performance and functionality.

CSG Series

The CSG achieved a 30% increase
in torque capacity. Life (L,) was
increased from 7,000 hrs to 10,000 hrs.

By pursuing
strength and =
stiffness, a new The CSF achieved .
S tooth profiled CSF a reclilljctiorrl1 inf RAT|O 30'1 SERIES

was invented. axial length o

SERIES The “S” tooth SERIES approximately 50% Ratio 30:1 was added for
doubled the higher output speeds.
torque, life

and stiffness.

MINIATURE SERIES

Miniature series was developed to expand
the range of harmonic drive gearing.

Tooth Profiles

The harmonic drive component sets and housed units presented in
this catalog incorporate the “S” gear tooth profile. This patented tooth
profile provides a significant improvement in gear operating characteri-
stics and performance.

The new “S” tooth profile significantly increases the region of tooth
engagement. For the traditional tooth profile 15% of the total number
of teeth are in contact, while for the new profile up to 30% of the teeth
are in contact. The increased number of teeth in engagement results
in a 100% increase in torsional stiffness in the low & mid torque ranges.

The new tooth profile also features an enlarged tooth root radius,
which results in a higher allowable stress and a corresponding increa-
se in torque capacity. Furthermore, the enlarged region of tooth enga-
gement leads to a more even loading of the Wave Generator bearing,
resulting in more than double the life expectancy for the gear.

D

INITIAL ENGAGEMENT FuLL ENGAGEMENT




Principle and Structure

GEARHEAD COMPONENT SET

Cross Roller Bearing

Circular Spline Flexspline
& "

Wave Generator

Output Flange ¢

(input)

Flexspline

System Components

The FLEXSPLINE is a non-rigid, thin cylindrical cup with external teeth on a slightly smaller pitch diameter than the Circular Spline.
It fits over and is held in an elliptical shape by the Wave Generator.

The WAVE GENERATOR is a thin raced ball bearing fitted onto an elliptical plug serving as a high efficiency torque converter.

The CIRCULAR SPLINE is a rigid ring with internal teeth, engaging the teeth of the Flexspline across the major axis of the Wave Generator.

The Flexspline is elliptically shaped by The When the Circular Spline is fixed and For each 360 degrees clockwise move-
Wave Generator and engaged with the the Wave generator rotates clockwise, ment of the Wave Generator,the Flexspline
Circular Spline at the major elliptical axis. the Flexspline is elastically deformed moves counterclockwise by two teeth
The teeth completely disengage on the and rotates counterclockwise relative to relative to the Circular Spline.

minor axis. the Circular Spline.

Harmonic Drive LLC 800-921-3332 H



Driving Configurations

Driving Configurations

A variety of different driving configurations
are possible, as shown below.
The reduction ratio given in the tables

on page 10 and 11 correspond to arrange-

ment 1, in which the

Wave Generator acts as the
input element, the Circular Spline
is fixed and the Flexspline

acts as the output element.

1. Reduction Gearing

CS Fixed
WG Input
FS Output
. R )
Ratio = — 71 [Equation 1]

2. Reduction Gearing

Input and output in opposite direction.

FS Fixed
WG Input
CS Output
R+ 1
Ratio = j [Equation 2]

Input and output in same direction.

3. Reduction Gearing

WG Fixed
FS Input
CS Output
. R+1 .
Ratio = R [Equation 3]

Input and output in same direction.

4. Speed Increaser Gearing

WG Fixed
CS Input
FS Output
Ratio = R Equation 4
atio= 5 [Equation 4]

5. Speed Increaser Gearing

Input and output in same direction.

CS Fixed

FS Input

WG Output

Ratio = — 1? [Equation 5]

Input and output in opposite direction.

6. Speed Increaser Gearing

FS Fixed

CS Input

WG Output

Ratio = R+ [Equation 6]

Input and output in same direction.

7. Differential Gearing

WG Control Input
CS Main Drive-Input
FS Main Drive-Output

Numerous differential functions can
be obtained by combinations of the
speed and rotational direction of
the three basic elements.




Application Example

The CSF Cup-Style Component Set achieves higher performance than
the Pancake Style Component Set in the same package size.

CSF Series
Component Set

al

HE
HE=

Pancake Type
Component Set
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Housed Unit -
Horizontal Multi Arm Robot

Application Example

Housed Unit -
Direct Connection
to Servo Motor

Housed Unit -
Input Shaft Option
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CSF Rating Table

- -
Table 1
Size Ratio Rated Limit for Limit for Limit for Maximum Limit for Moment
Torque Repeated Average Momentary Input Average of
at Peak Torque Peak Speed Input Inertia
2000 Torque Torque Speed
T
rp;n Nm Nm Nm rpm rpm
Nm in-Ib Nm in-lb Nm in-lb Nm in-lb QOil Grease Qi Grease x10“kg-m? x10-°%kgfm.s?
30 0.9 8 1.8 16 1.4- 12 3.3 29
8 50 1.8 16 3.3 29 2.3- 20 6.6 58 14000 8500 6500 3500 0.003 0.0031
100 2.4 18 4.8 42 3.3- 29 9.0 80
30 2.2 19 4.5 40 3.4- 30 8.5 75
1 50 3.5 31 8.3 73 5.5- 49 17 150 14000 8500 6500 3500 0.012 0.012
100 5.0 44 11 97 8.9- 79 25 221
30 4.0 35 9.0 80 6.8 60 17 150
14 50 5.4 48 18 159 6.9 61 35 310 14000 8500 6500 3500 0.033 0.034
80 7.8 69 23 204 11 97 47 416
100 7.8 69 28 248 iR 97 54 478
30 8.8 78 16 142 12 106 30 266
50 16 142 34 301 26 230 70 620
17 80 22 195 43 381 27 239 87 770 10000 7300 6500 3500 0.079 0.081
100 24 212 54 478 39 345 108 956
120 24 212 54 478 39 345 86 761
30 15 133 27 239 20 177 50 443
50 25 221 56 496 34 301 98 867
20 80 34 301 74 655 47 411 127 1124 10000 6500 6500 3500 0.193 0.197
100 40 354 82 726 49 434 147 1301
120 40 354 87 770 49 434 147 1301
160 40 354 92 814 49 434 147 1301
30 27 239 50 443 38 336 95 841
50 39 345 98 868 55 487 186 1646
25 80 63 558 137 1212 87 770 255 2257 7500 5600 5600 3500 0.413 0.421
100 67 593 157 1389 108 956 284 2513
120 67 593 167 1478 108 956 304 2690
160 67 593 176 1558 108 956 314 2779
30 54 478 100 885 75 664 200 1770
50 76 673 216 1912 108 956 382 3381
32 80 118 1044 304 2690 167 1478 568 5027 7000 4800 4600 3500 1.69 1.72
100 137 1212 333 2947 216 1912 647 5726
120 137 1212 353 3124 216 1912 686 6071
160 137 1212 372 3292 216 1912 636 6071
50 137 1212 402 3558 196 1735 686 6071
80 206 1823 519 4593 284 2513 980 8673
40 100 265 2345 568 5027 372 3292 1080 9558 5600 4000 3600 3000 4.50 4.59
120 294 2602 617 5460 451 3991 1180 10443
160 294 2602 647 5726 451 3991 1180 10443
50 176 1558 500 4425 265 2345 950 8408
80 313 2770 706 6248 390 3452 1270 11240
45 100 353 3124 755 6682 500 4425 1570 13895 5000 3800 3300 3000 8.68 8.86
120 402 3558 823 7284 620 5487 1760 15576
160 402 3558 882 7806 630 5576 1910 16904
50 245 2168 715 6328 350 3098 1430 12656
80 372 3292 941 8328 519 4593 1860 16461
50 100 470 4160 980 8673 666 5894 2060 18231 4500 3500 3000 2500 12.5 12.8
120 529 4682 1080 9558 813 7195 2060 18231
160 529 4682 1180 10443 843 7461 2450 21683
50 353 3124 1020 9027 520 4602 1960 17346
80 549 4859 1480 13098 770 6815 2450 21683
58 100 696 6160 1590 14072 1060 9381 3180 28143 4000 3000 2700 2200 27.3 27.9
120 745 6593 1720 15222 1190 10632 3330 29471
160 745 6593 1840 16284 1210 10709 3430 30356




Rating Table
|

| S
Table 2
Size Ratio Rated Limit for Limit for Limit for Maximum Limit for Moment
Torque Repeated Average Momentary Input Average of
at 2000 Peak Torque Peak Speed Input Inertia
T Torque Torque rpm Speed
rpm rpm
Nm in-lb Nm in-Ib Nm in-lb Nm in-lb Qil Grease Qil Grease x10*kg.m? x10-°kgf-m.s?
50 490 4337 1420 12567 720 6372 2830 25046
80 745 6593 2110 187 1040 9204 3720 32922
65 100 951 8416 2300 20355 1520 13452 4750 42038 3500 2800 2400 1900 46.8 47.8
120 951 8416 2510 22214 1570 13895 4750 42038
160 951 8416 2630 23276 1570 13895 4750 42038
50 872 7717 2440 21594 1260 11151 4870 43100
80 1320 11682 3430 30356 1830 16196 6590 58322
80 100 1700 15045 4220 37347 2360 20886 7910 70004 2900 2300 2200 1500 122 124
120 1990 17612 4590 40622 3130 27701 7910 70004
160 1990 17612 4910 43454 3130 27701 7910 70004
50 1180 10443 3530 31241 1720 15222 6660 58941
80 1550 13718 3990 35312 2510 22214 7250 64163
90 100 2270 20090 5680 50268 3360 29736 9020 79827 2700 2000 2100 1300 214 218
120 2570 22745 6160 54516 4300 38055 9800 86730
160 2700 23895 6840 60534 4300 38055 11300 100005
50 1580 13983 4450 39383 2280 20178 8900 78765
80 2380 21063 6060 53631 3310 29294 11600 102660
100 100 2940 26019 7350 65048 4630 40976 14100 124785 2500 1800 2000 1200 356 363
120 3180 28143 7960 70446 5720 50622 15300 135405
160 3550 31418 9180 81243 5720 50622 15500 137175
CSG Rating Table Table 3
Size Ratio Rated Limit for Limit for Limit for Maximum Limit for Moment
Torque Repeated Average Momentary Input Average of
at 2000 Peak Torque Peak Speed Input Inertia
Tr Torque Torque rpm Speed
rpm rpm
Nm in-lb Nm in-Ib Nm in-lb Nm in-lb Qil Grease Qil Grease x10*kg-m? x10-°kgfm.s?
50 7.0 62 23 204 9 80 46 407
14 80 10 89 30 266 14 124 61 540 14000 8500 6500 3500 0.033 0.0034
100 10 89 36 319 14 124 70 620
50 21 186 44 390 34 301 91 805
17 80 29 257 56 496 35 310 113 1000 10000 7300 6500 3500 0.079 0.081
100 31 274 70 620 51 451 143 1266
120 31 274 70 620 51 451 112 991
50 33 292 73 646 44 389 127 1124
80 44 389 96 850 61 540 165 1460
20 100 52 460 107 947 64 566 191 1690 10000 6500 6500 3500 0.193 0.197
120 52 460 113 1000 64 566 191 1690
160 52 460 120 1062 64 566 191 1690
50 51 451 127 1124 72 637 242 2142
80 82 726 178 1575 113 1000 332 2938
25 100 87 770 204 1805 140 1239 369 3266 7500 5600 5600 3500 0.413 0.421
120 87 770 217 1920 140 1239 395 3496
160 87 770 229 2027 140 1239 408 3611
50 99 876 281 2487 140 1239 497 4399
80 153 1354 395 3496 217 1920 738 6531
32 100 178 1575 433 3832 281 2487 841 7443 7000 4800 4600 3500 1.69 1.72
120 178 1575 459 4062 281 2487 892 7894
160 178 1575 484 4283 281 2487 892 7894
50 178 1575 523 4629 255 2257 892 7894
80 268 2372 675 5974 369 3266 1270 11240
40 100 345 3053 738 6531 484 4283 1400 12390 5600 4000 3600 5000 4.50 4.59
120 382 3381 802 7098 586 5186 1530 13541
160 382 3381 841 7443 586 5186 1530 13541

Harmonic Drive LLC 800-921-3332 n



Technical Terms

Definition of Ratings

Rated Torque (Tr)

Rated torque indicates allowable continuous load torque at
2000 rpm input speed.

Limit for Repeated Peak Torque (refer to figure 1)

During acceleration a deceleration the harmonic drive gear experiences
a peak torque as a result of the moment of
inertia of the output load.

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.

Limit for Momentary Peak Torque (refer to figure 1)

Harmonic drive gearing 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 equation 7 on page 12.
Also see section “strength and life”.

Figure 1

Strength and Life

The non-rigid 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 allo-
wable Repeated Peak Torque are based on an infinite fatigue

life for the Flexspline.

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

[Equation 7]

N = 1.0 X 10* n: Input speed before collision
2 X%X t t: Time interval during collision

Please note:

If this number is exceeded, the Flexspline may experience
a fatigue failure.

Ratcheting phenomenon

When excessive torque is applied while the harmonic drive 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. (See figure 1 & 2 on page 12) Operating in this condition
may result in shortened life and a Flexspline fatigue failure.

Figure 2

Abnormal Impact Torque

Load Torque

Load Torque

Speed Cycle

Repeated Peak Torque
Momentary Peak Torque

Time

\/

Number of Rotations
of Wave Generator

Circular Spline

Flexspline

This condition is called “dedoidal”.

Maximum Input Speed, Limit for average input speed
Do not exceed the allowable rating.

Moment of Inertia

The rating indicates the moment of inertia reflected to the
wave generator (gear input).

Note!

When ratcheting occurs, the teeth mesh abnormally as shown above.
Vibration and Flexspline damage may occur.

Once ratcheting occurs, the teeth wear excessively and the
ratcheting torque may be lowered.




Technical Terms

.- ]
CSF Ratcheting Torque Table 4 Nm Table 5 Nm
Size Ratio CSF_Buckling Torque
30 50 80 100 120 160 Size All Ratio
8 11 12 - 14 = = 8 35
11 29 34 - 43 - - 11 90
14 59 88 110 84 = = 14 190
17 100 150 200 160 120 - 17 330
20 170 220 350 260 240 220 20 560
25 340 450 680 500 470 450 25 1000
32 720 980 1400 1000 980 980 32 2200
40 - 1800 2800 2100 1900 1800 40 4300
45 - 2700 3900 3100 2800 2600 45 5800
50 - 3700 5400 4100 3800 3600 50 8000
58 - 5800 8200 6400 5800 5600 58 12000
65 - 7800 11000 9400 8300 8000 65 17000
80 - 14000 22000 16000 15000 14000 80 31000
90 - 20000 30000 23000 21000 20000 90 45000
100 - 29000 44000 33000 30000 28000 100 58000
CSG Ratcheting Torque  Table 6 Nm Table 7 Nm
Size Ratio CSG Buckling Torque
50 80 100 120 160 Size All Ratio
14 110 140 100 - = 14 260
17 190 260 200 150 - 17 500
20 280 450 330 310 280 20 800
25 580 880 650 610 580 25 1700
32 1200 1800 1300 1200 1200 32 3500
40 2300 3600 2700 2400 2300 40 6700

The Life of a Wave Generator
The normal life of a harmonic drive 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.

Rated Lifetime L,: (n=100r 50)

Ly CSF : 7,000 CSG: 10,000
Lso CSF : 35,000 CSG : 50,000

Equation for the expected life of the wave generator under
normal operating conditions is given by the equation below.

[Equation 8]

et () (3

Tav Nav
Lh : Expected Life, hours
Ln : Rated Lifetime at Ly, or Ly
Tr . Rated Torque (Tables 1, 2, 3)
Nr : Rated input speed (2000 rpm)
Tav : Average load torque on output side (page 14)

Nav : Average input speed (page 14)

Load Torque (Rated Torque =1)

Relative Torque Rating

The chart below shows the various torque specifications
relative to rated torque. Rated Torque has been
normalized to 1 for comparison.

Figure 3
17 ‘
16 Buckling Torque
10 V
N
o N\ \ Racheting Torque
8 AN \

\ \_ife of the Wave Generator

Fatigue Strength of Flexspline

| Momentary Peak Torque

w

N

| Repeated Peak Torque

Rated Torque
|

0
10° 10° 10’ 10° 10° 1010
Total Number of Input Rotations
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Selection Procedure

Size Selection

Generally, the operating conditions consist of fluctuating torques
and output speeds. Also, an unexpected impact output torque
must be considered.

The proper size can be determined by converting fluctuating load tor-
que into average load torque and equivalent load torque. This proce-
dure involves selecting the size based on load torque for component
sets.

This procedure does not consider the life of the output bearing for
housed units. Determining the life of the output bearing for various
axial, radial, and moment loads is outlined on page 31.

Figure 4
—+ T1 Tn
T2
Torque Ta
| | f ; | . >
| | : : i Time
- | A\ | |
bttt Lt
L N2 1 ! :
N4 3 3 N3 i i 3
o L N\m
ni N2 nNn are an average value. Time
Parameters
Load Torque Tn (Nm)
Time tn (sec)
Output Speed Nn (rpm)
Normal Operating Pattern
Acceleration Tt i
Regular Operation Tat2. N2
Deceleration Tats Ns
Dwell TatanNa
Maximum RPM
Max output speed No Maximum
Max input speed n; maximum
Impact Torque Tsts. Ns
Ratings
Rated Torque Tr
Rated Speed nr =2000 rpm

Flow Chart for selecting a size

Please use the flowchart shown below for selecting a size.
Operating conditions must not exceed the performance
ratings as described on page 12.

Consider a different Size or change operating requirements

Calculation of the average output torque

Tav= 3net,oT [%+n.ote|T.|%  nyot,e|T 2

|

Selection of tentative size under the ]

niet+nyet,+ n, t,

condition shown below.

Average Output Speed
nieten,et,+: n.t,

oAV =74 Lttt

Determine Gear Ratio
nimex o p
No Max =
n; max may be limited by the motor.

Calculation of the average input speed
njav =ng av «R

Calculation of maximum input speed
nj max = Ng max «R

njav < Limit for average speed
nj max < Limit for maximum speed

Confirm if Ty and T3 are less than the
repeated peak torque specification.

Confirm if Ts (impact torque) is less than
the momentary peak torque specification.

Calculate the allowable number of rotations
during impact torque.
104
NS = ngR '"'"NS <= 1.0X10%

De— =

60 ’

Calculate wave generator life.
T Y [ nr
Lh=Lo® (Tav) ( niav)

Make sure that the calculated life is suitable
for the application.

Gear is suitable for torque and speed requirements '

Also consider output bearing, environment, etc.




Selection Example

Values of an each Load Torque Pattern

Load Torque Tn (Nm) no max = 14 rpm
Time tn (sec) ni max = 1800 rpm
Output Speed Nn (rpm)
Normal Operating Pattern
Acceleration T, = 400 Nm, t;=08sec, Ny= 7rpm Ts = 500 Nm, t; = 0.15 sec, ng = 14 rpm
Regular Operation Stop T, = 320 Nm, t,= 3sec,  Ny=14rpm
Deceleration T5 =200 Nm, t;=04sec, Ny= 7rpm .10 = 7000 hrs.
Dwell T.= ONm, t,=02sec, N,= Orpm Oil Lubrication
Tav (Nm)

Tav

3 \J’?rpm-O.3seo-|4OONm|3+1 4rpm-3sec:|320Nm|[®+7rpme0.4sec+|200Nm|®

7rpm+0.3sec+14rpm-3sec+7rpm-0.4sec

Tav =819Nm<451Nm (for CSF-40-120-2A-GR)

no av (rpm)

o ay — 7rpme+0.3sec+14rpme3sec+7rpm-0.4sec _ <ioem
0.3sec + 3sec + 0.4sec + 0.2sec
R)
1800 rpm
Tampm

=128.6>120

nj av=12rpm 120 = 1440 rpm
No Max  ni max (rpm)
nj max =14 rpm +120 = 1680 rpm

n;av =1440rpm<3600 rpm (for CSF-40-120-2A-GR)

n; max=1680rpm<5600 rpm (for CSF-40-120-2A-GR)

Confirm that T1 and T3 are within a @

T,,T; (Nm)
T, =400Nm<617Nm (for CSF-40-120-2A-GR)
T;=200Nm<617Nm (for CSF-40-120-2A-GR)

Ty (Nm)
T, = 500Nm<1180Nm (for CSF-40-120-2A-GR)

(N, ) Calculate an allowable number of rotation(Ns) and confirm £ 1.0 x 104
N 4
Ns 1% _i190<1.0x10*

14rpm+120
2e———— - 0.15sec
60

<

Calculate a life time.
294Nm | ¢ | 2000 rpm
319Nm 1440 rpm

|_10 = 7000 ° (

Lio =7610>7000 (Lg;;)

CSF-40-120-2A-GR '

Harmonic Drive LLC 800-921-3332 H




External Dimension & Shape

WavE GENERATOR COMPONENTS

@ Ball Separator

@ Wave Generator Bearing He I‘_
Wave Generator Plug L L
>
Insert Q
HET P
@ Rub Washer
Snap Ring
(7) Wave Generator Hub CSF-14,17,20,25,32,45,58,90 CSF-40,50,65,80,100

There is a difference in appearance of the the ball separator between CSF and CSG.
(CSG size 14 and 17 use the same ball separator as CSF.

CSF ALL sizES CSG-20 AND ABOVE




External Dimension & Shape

k- — — — — — — ] u
B
C\ CZ
E F
D ) o
= b c F
& ®—+ o

e m—)% d jg >
—_ Q Q - T II—/— - —1— 2 ] R
s §| _d $ I
=i G —
- ] oV H7

D
N4

3 P75 (Flexspline Interface #8)

Detailed drawings are also available. No key on WG hub for #8, 11, 14, 17.

Flexspline Dowel Pin Hole

Dowel Pin Option %

In cases where the gear will see loads near the
Momentary Peak Torque level, the use of additional
dowel pins in addition to the screws is recommended.
Dowel pin holes are manufactured by reamer and

the dimensions are shown. In addition, the CSF has

a different number of dowel pin holes than the CSG.

2- occ @ o7,

Harmonic Drive LLC 800-921-3332



External Dimensions

Table 8 (mm)
8 11 14 17 20 25 32 40
oA h6 30 40 50 60 70 85 110 135
B CSF 22,19, 2589, 2859, 32,59, 3359, 379, 449, 539,
csG - - 28539, 3259, 3359, 379, 449, 539,
C 12.5+02 14.5+9 17.5+0¢ 20499 21.5+08 2498 28405 34408
C, 9.6 1.3 11 125 12 13 16 19
D 2.7 2 2.4 3 3 3 3.2 4
E - 2 2 2.5 3 3 3 4
F 45 5 6 6.5 75 10 14 17
. CSF - - 0.4 0.3 0.1 2.1 2.5 3.3
CsG - - 1.4 16 15 35 4.2 5.6
Lo CSF 12 16 17.6 195 20.1 20.2 22 27.5
' csG - - 18.5 20.7 215 21.6 23.6 29.7
H, - - - - - - - 0.4
ol hg Ratio=30 - 31 38 48 54 67 90 110
Ratio=30 - 31 38 48 55 68 90 -
oJ 12.3 17.8 23 27.2 32 40 52 64
oK H6 6 6 11 10 16 20 26 32
. CSF 8 8 6 12 12 12 12 12
CsG - - 8 16 16 16 16 16
oM 2.2 2.9 35 3.4 3.5 45 5.5 6.6
Ng M2 M2.5 M3 M3 M3 M4 M5 M6
N, - - M3 M3 M3 M4 M5 M6
0 3 3 6 6.5 4 6 7 9
op 2.2 2.9 - - 3.5 4.5 5.5 6.6
Q(PCD) 25.5 35 44 54 62 75 100 120
R - 6 6 6 8 8 8 8
23 - 3.4 45 5.5 5.5 6.6 9 11
T, (PCD) - 12 17 19 24 30 40 50
T, (PCD) - 15.2 18.5 215 27 34 45 56
oU, 7 11 14 18 21 26 26 32
U, - - - - - - - 32
oy (H7stenderd 3 5 6 8 9 11 14 14
maximum - - 8 10 13 15 15 20
WJs9 - - - - 3 4 5 5
X - - - - 10.4+9/ 12,8+ 16.3+ 16.349;
Y - C0.2 C0.3 C0.4 C0.4 C0.4 C0.4 C0.4
07, 0.1 0.2 0.25 0.20 0.25 0.25 0.25 0.3
7, - 0.2 0.25 0.25 0.25 0.3 0.5 0.5
07, - 0.02 0.02 0.02 0.02 0.02 0.02 0.02
2a 21.5 30 38 45 53 66 86 106
b e earance 11.34 14 174 19 20.5 23 26.8 33
c - . 1 1 15 15 15 2
o . CSF - 2 3 3 3 4 5 6
CSG - - 2.5 3 3 4 5 5
d, c0.3 €0.4 C0.4 C0.4 C0.4 C0.4 €0.4 C0.4
d, C0.3 C0.4 C0.4 C0.4 C0.4 C0.4 C0.4 C0.4
d, 0.3 €0.3 C0.5 C0.5 C0.5 C0.5 C0.5 C0.5
e 2 3 2.5 3 - . - -
f M2X3 M3X4 M3X4 M3X6 - - - -
Weight (kg) 0.026 0.05 0.09 0.15 0.28 0.42 0.89 1.7




External Dimensions

s - ]
Table 9 (mm)
45 50 58 65 80 90 100
oA h6 155 170 195 215 265 300 330
B 58.59, 649, 7553, 839, 10138, 112,59, 1258,
" 38406 41409 48406 52,5409 64+09 71.548 79+10
Ce 205 23 275 30.5 37 41 46
45 5 58 6.5 9 10
4 4 5 5 6 6
19 22 25 29 36 41 46
o OfF 3.7 4.2 48 5.8 6.6 7.5 8.3
CSG 6.3 7 8.2 95 - - -
s 27.9 32 34.9 40.9 49.1 48.2 56.7
' CsG 30.5 34.8 38.3 44.6 - - -
H, - 0.8 - 2.2 3.1 - 45
olhg 1780 except 124 135 156 177 218 245 272
1/30 - - - - - - -
N 72 80 92.8 104 128 144 160
oK He 36 40 46 52 65 72 80
| CSF 12 12 12 12 16 16 16
CSG 16 16 16 16 - - -
oM 9 9 11 11 11 14 14
N, M8 M8 M10 M10 M10 M12 M12
N: M6 M8 M8 M8 M8 M12 M10
0 12 13 15 15 15 18 20
op 9 9 11 11 11 14 14
Q(PCD) 140 150 175 195 240 270 300
R 8 8 8 8 10 8 12
08 135 155 155 18 18 22 22
T, (PCD) 54 60 70 80 100 110 130
T,(PCD) 61 68 79 90 114 120 142
ou, 32 32 40 48 55 60 65
ou, - 32 - 48 55 - 65
(H7)standard 19 19 22 24 28 28 28
= 20 20 25 30 35 37 40
WJs9 6 6 6 8 8 8 8
X 21.8+ 21.8+ 24,8+ 27.3%92 31.3%92 31.3:92 31.3:92
Y 0.4 C0.8 C0.8 0.8 C0.8 0.8 0.8
0z, 05 05 05 05 05 1.0 1.0
0z, 0.75 0.75 0.75 1.0 1.0 1.0 1.0
0z, 0.02 0.02 0.02 0.02 0.02 0.02 0.02
oa 119 133 154 172 212 239 265
e Serance 36.5 39 46.2 50 61 68.5 76
2 2 25 25 3 3 3
occ H7 6 8 8 8 8 12 10
d, C0.4 C0.4 C0.4 C0.4 0.4 0.4 C0.4
d, 0.4 C0.4 0.4 0.4 0.4 C0.4 C0.4
d, C0.5 0.5 0.5 0.5 C0.5 0.5 0.5
o - - - - - - -
f — — — — — — —
Weight (kg) 2.3 3.2 47 6.7 12.4 17.6 23.5

The pilot diameter for the Circular spline can be either @l or @A. Surface @ is the recommended mounting surface.

The following parameters can be modified to accommodate customer-specific requirements.
Wave Generator: @V, X, W

Flexspline: R, @S

Circular Spline: @M, L

Harmonic Drive LLC 800-921-3332 m



Lubrication
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Grease b
Proper lubrication of harmonic drive gearing ~ ~
. . . . T C
is essential for high performance and reliability. -t
Counter bore
for bolt head.
‘ ‘ }
» —
T H mil
B ©
Q
Recommended Tolerance for Inner Case Table 10 mm
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
oA 21.5 30 38 45 53 66 86 106 119 133 154 172 212 239 265
b 11.34 14 171 19 20.5 23 26.8 33 36.5 39 46.2 50 61 68.5 76
® 0.5 0.5 1 1 1.5 1.5 1.5 2 2 2 2.5 2.5 3 3 3
od 13 16 16 26 30 37 37 45 45 45 56 62 67 73 79
Grease Usage Table 11 grams
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Horizontal 1.2 2.9 5.5 10 16 30 60 110 170 220 360 460 850 1150 1500
Output Up 1.4 8.5 7 12 18 35 70 125 190 240 380 500 900 1300 1700
Output Down 1.8 4.4 8.5 14 21 40 80 145 220 275 460 600 1000 1500 1900
CIRCULAR SPLINE FLEXSPLINE WAVE GENERATOR

Fill the toothbed
with,grease

Apply thin coat

to avoid rust \ /

Fill cavity between
retainer and insert

Apply thin coating of
grease before installation

Apply grease
to inner surface
in accordance
with quantity
shown in table.

J
—7

f 4

—|

—

SH |
] r =
le—C Fill 50% C
of this space
with grease

with grease Pack bearing with
when using in grease while slowly
\ / high speed ﬁ rotating bearing
Fill the 11 H
toothbed Apply grease to .l ]_
with grease inner surface in Apply grease to
accordance with a Oldham coupling
value shown above.
HORIZONTAL OUTPUT UP OUTPUT DOWN
?pply grearsre -
= o inner surface i is must
. HIEE in accordance L ,/.— be 2X C.
=07 with a value N VT |
: / shown above.

!

Apply grease
to inner surface
in accordance
with a quantity
shown in table.




Grease Change

The wear characteristics of harmonic drive gearing are strongly influ-
enced 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 temperatu-
res. 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.

Equation where average load torque exceeds rated torque
[Equation 9]

Tr )3

LGT = LGTn X (W

Symbol of Equation

Lot Grease change (over rated torque), input rotations

Lam Grease change (below rated torque), input rotations (From Graph)

T, Rated Torque

T. Average load torque on output

Number of Rotations

Lubrication

Grease Change Interval for Tav < Tr LGTn

10"
Grease Life
__________ \\
N
A \
\ \\
4B No.2
10° \ N
—TT—TT T LT —TL —TIT JIT
I N
\ AN
\\ ‘\\ \\
\ SK-1ANY ‘\
SK-2 \\ <
\ B \
\\ \ N
10° ——— \ :
——— Wave Generator Life
10
20 40 60 80 100 120

Grease Temperature (C°)
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Lubrication
[}
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Oil Lubricant
Kind of Lubricant
Name of Lubricant Table 12
Industrial Mobil Exxon Showa Shell Cosmo Japan Energy Shin Nippon Oil Idemitsu Kosan General oil NOK Krewba
Industrial Gear Mobil Spartan Omara Cosmo ES Bon nock Dafuni General Oil Shin tesso
Oil#2 1SOVGB8 ~ gear 626 EP68 oil 68 gear SE68 gear G68 M68 Supergear LW68  SP gear Roll 68 DE-68 EP
(extreme pressure)
Oil Level of Horizontal Usage Table 13 mm
Size 8 iR 14 17 20 25 32 40 45 50 58 65 80 90 100
A 6 8 10 12 14 17 24 31 35 38 44 50 59 66 74
Horizontal Installation: jng
Qil level should be maintained at the level “A” as shown. Oil Level for Horizontal Usage
3
H <3
5
Oil Level of Vertical Usage Table 14 mm
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
B 2 2.3 2.5 3 3 5 7 9 10 12 13 15 19 22 25
L
I T T
Vertlclal Installatllon: . Oil Level
If the input shaft is on top, lube holes are provided on the boss of the o}
Flexspline to facilitate the flow of oil inside the Flexspline cup. The lube =
holes serve as breathers if the component set is used with input down. E—
When the harmonic drive gear is to be used vertically with the Wave Output on Top

Generator placed at the bottom, special consideration must be given.

If the Wave Generator assembly is completely submerged in oil, the heat
generation caused by churning oil will be substantial and a loss of efficiency

will result. It is recommended that the oil level be maintained in such

a way that approximately one half of the Wave Generator Bearing is submerged.

Qil level should be maintained at the level “B” shown.

To ensure a sufficient amount of lubricant it may be necessary to extend
the bottom area of the housing or to provide an external oil reservoir.

A forced lubrication system may also be considered.

QOil Level

m p—

Oil Level of Vertical Usage

Output on Bottom




Lubrication

.-
Dimension of Lube Hole of Flexspline Table 15 mm
Size 20 25 32 40 45 50 58 65 80 90 100
To 27 34 45 56 61 68 79 90 114 120 142
B 25 2.5 35 3.5 8.5 5.5 8.3 615 6.5 6.5 6.5
W 2.8 3.5 4.0 4.0 4.0 6.0 6.0 6.0 7.0 7.0 7.0
t 1.2 1.2 1.4 1.4 1.4 2 2 2 ) 3 8
Size 8, 11, 14, 17 do not have any lube holes
Dimension of lube hole in Flexspline
— t
Threaded for Disassembly Dowel Pin Hole
Oil Quantity Table 16 liters
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
B Amount of Ol 0.004 0.006 0.01 0.02 0.03 0.07 0.13 0.25 0.32 0.4 0.7 1.0 2.0 2.8 3.8

Oil Temperature

In normal use, the oil temperature must not exceed 90°C,
Above this temperature oil quickly loses its lubricating capabilities.

Oil Change

The first oil change should be performed after 100 hours of operation.

The need to perform subsequent oil changes will depend on operating

conditions, but should take place at intervals of approximately
1000 running hours.

Other notes: Avoid mixing different kinds of oil. Harmonic drive gearing

should be in an individual case when installed.

High Temperature Lubricants

Harmonic Grease 4B No.2

High Temperature Lubricant

Type of lubricant Standard temperature range Possible temperature range Type of lubricant ~ Name of lubricant and manufacturer Possible temperature range
grease -10C~+110C -50°C~+130°C grease Multemp SH-K2 Kyodo Yushi -30°C~+50°C
Multemp AC-N Kyodo Yushi -55°C~+60°C
Iso Flex LDS-18 special A NOK kluber -25°C~+80°C
High Temperature Lubricant ol SH-200-100CS Tore Silicon ~10°C~+110°C
Type of lubricant ~ Name of lubricant and manufacturer Possible temperature range Shintesso D-32EP NOK Kluber 059G~ +90°C

Mobil grease 28 Mobil Grease 28 -5°C~+160°C

oil Mobil SHC-626 -5°C~+140°C

Standard temperature is the grease temperature during operation.
It is not the ambient temperature.

The temperature range of the grease can be extended as indicated in
the possible temperature range shown. At the low end of this range
the efficiency will be low due to an increase in viscosity of the lubri-
cant. At the high end of this range the lubricant life will be low due to
an increased deterioration rate from the high temperature.

Harmonic Drive LLC 800-921-3332 &S



Recommended Tolerances for Assembly

————————————————————————————————————————————————————— -
For peak performance of the CSF Component Set it is essential that the following tolerances be observed when assembly is complete.
Recommended tolerances for assembly

Attached Surface
N~
T
1]« ]a ;
O
S
Al © Attached Surface
Circular Spline Interface 2
(o)) L e B
L] |
>
i
B *:I’** Wave Generator Interface
D
- e}
+ - ] 5 1] 1 |s
J g Wﬂ
— o] M
(6] I
|| (0] 1 _
o
@ oc A @ o9 B
Recommended Shaft Tolerance h6 Recommended Shaft Tolerance h6
1] o [a
Flexspline Interface

Tolerances for Assembly Table 17

Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100

a 0.008 0.011 0.011 0.012 0.013 0.014 0.016  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  0.030 0.032 0.035 0.040 0.043 0.045
oc 0.005 0.008  0.015 0.018 0.019 0.022 0.022 0.024 0.027  0.030 0.032 0.035 0.043 0.046 0.049
d 0.010 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 0.010 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
f 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)
g 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 structure

A seal structure is needed to maintain the high durability of harmonic drive gearing and prevent grease leakage.

Key Points to Verify

¢ Rotating parts should have an oil seal (with spring), surface should be smooth (no scratches)

e Mating flanges should have an O Ring, seal adhesive
e Screws should have a thread lock
(Loctite 242 recommended) or seal adhesive.

(note)
If you use Harmonic grease 4BNo.2, strict sealing is required.




Hole Diameter of Wave Generator Hub

Diameters
m

Table 18
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Standard Dimension 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
Hole Diameter of Wave Generator
Installation of Three Basic Elements
@ Installation for Wave Generator and the maximum hole dimensions.
Shown above is the standard hole dimension of the Wave Generator for
H each size. The dimension can be changed within a range up to the maxi-
mum hole dimension shown in table 18. 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 dimension is shown in table 19 include the dimension of
depth of keyway.
Maximum Diameter or Hole without Oldham Coupling Table 19
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Maximum Diameter oV’ 10 14 17 20 23 28 36 42 47 52 60 67 72 84 95
Max. thickness of plugH 9, 5.7 6.7 7.2 7.6 11.3 113 13.7 15.9 17.8 19 21.4 135 285 313 349

Direction for Thrust Force of Wave Generator

F

F

direction for thrust
force in acceleration

direction for thrust
force in deceleration

Equation for axial force

Gear Ratio equation
i=1/30 F=2x%>< 0.07 x tan 32°
i=1/50 F:ZX%X 0.07 x tan 30°
i=1/80 and up F:ZX%X 0.07 x tan 20°

Symbols for equation

F axial force
D HD Size x 0.00254 m
T output torque Nm

Axial Force of Wave Generator

When a harmonic drive 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 harmonic drive 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 direc-
tions), as well as torsionally, fixed to the input shaft.

(note) Please contact us when you fix the Wave Generator hub and input
shaft using bolts.

Calculation Example

size : 32

Ratio i=1/50

Output Torque 300Nm

F=2x_— 300 x 0.07xtan 30°
(32x0.00254)

F=298N

Harmonic Drive LLC 800-921-3332 |43



Assembly of the Flexspline

Shape and dimension of Wave Generator

There is a difference between CSF series and CSG series with

regard to the shape and dimension of the Wave Generator.

Table 20 and Figure 5 show the comparison of the shape and dimensi-

on for the Wave Generator.

During design and installation, please ensure there is

no interference between the bolt of the Wave Generator

and Flexspline.

Figure 5. Comparison of shape for Wave Generator

H,

—

0 CSF Series
G

o
f

Comparison of Dimension of Wave Generator Table 20
Size 14 17 20 25 32 40
G CSF 0.4 0.3 0.1 2.1 25 3.3 CSG Series
CSG 1.4 1.6 1.5 35 4.2 5.6
Ho o CSF 17.6 19.5 20.1 20.2 22 27.5
1% csa 185 207 21.5 21.6 23.6 29.7 Ev
t CSF 25 25 2.9 2.8 3.8 4.5 . H
CSG 1.6 1.3 1.5 1.4 2.2 2.3 :
t indicates the clearance between hub and flexspline bolts.
Figure 6. Installation for Flexspline of Size 8
Installation of flexspline Output PG 205 ang o
1. Size #8 Shaft co.2 a4
A) For installation of the Flexspline on the r— ol I T I
output shaft use the plug shown on the right. co.2 %o =
s Q

B) The positioning of the output shaft and
the Flexspline should be determined
using the plug.

We recommend using an M3 socket head
cap screw for connecting the plug to the
output shaft. We also recommend using
Loctite 242.

2. Recommended dimension for installing
output flange for sizes 11 and larger.

012 and up

Material : S45C

Stiffness : HB201269

Output Shaft

Comparison of Dimension of Flexspline Table 21
Size 1Al 14 17 20 25 32 40 45 50 58 65 80 90 100
oD g, 17.8 24.5 29 34 42 55 68 74 83 95.8 106 130 145 162
RES 1 1.2 1.2 1.4 1.5 2 2.5 2 2.5 2.5 2.5 2.5 2.5 2.5
t CSF 1 3 3 3 5 7 7 8 8 12 12 15 20 25

CSG - 2 2.5 2.5 5 7 7 - - - - - - -
Recommended Dimension for Flange for Installation
Figure 7

For installation, the flange diameter should not exceed the boss

diameter of Flexspline shown on figure 7. The flange which

contacts the diaphragm should have radius, R. A large diameter
and flange without a radius may cause damage to the diaphragm.

3. Material and hardness for flange installation.

e Material
e Hardness

S45C (DIN C45)
HB200~270

Diaphragm

N

1=

=

mi|
(&L

-
L

(A

e

Head of bolt, nut and washer should

not exceed the diameter of D.




Installation of the Flexspline

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 conditi-
ons indicated above.

Please fasten bolts with the proper torque for each size as indicated.
Please use the table shown below to decide if dowel pins are needed.

Assembly of the Flexspline

1. If the load torque is less than momentary peak torque shown
on tables 1, 2, 3, then only bolts are needed.

2. If the load torque is expected to reach momentary peak torque,
both bolts and pins should be used.

Use values on the list as a reference.

Tables 22, 23 pertain to the CSF series.
Tables 24, 25 pertain to the CSG series.

CSF Series Flexspline Bolts Table 22
Size 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Number 6 6 6 8 8 8 8 8 8 8 8 10 8 12
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
Clamp Torque Nm 2.0 4.5 9.0 9.0 15.3 37 74 128 205 205 319 319 622 622
Torque Transmission 15 35 64 108 186 460 910 1440 2160 2550 3980 6220 8560 15170
Capacity(bolt only)Nm
CSF Series Flexspline Screws and Optional Dowel Pins Table 23
Size 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Number 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Diameter mm 2 3 3 3 4 B 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 29 74 108 167 314 725 1370 1950 3160 3710 5310 7910 12540 18450
Capacity(bolt&pin) Nm
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: 0.15
6. Dowel Pin: parallel pin  Material:S45C-Q  Shear stress:-+30kgf/m
Standard Bolt
Standard Bolt
Standard Bolt Standard Bolt Holes (10) Holes (12)
Holes (6) Holes (8) /E}\
Dowel /
Dowel Pin Pin Holes
Dowel Pin
Holes (2) ' Holes (2) Threads for @ Dowel Pin /®/
(option) Disassembly (option) Disassembly (option) Threads for H0|teiS @) } Threads for
Disassembly (option) Disassembly
CSF-11,14,17 CSF-20~65,90 CSF-80 CSF-100
CSG Series - Flexspline Bolts Table 24
Size 14 17 20 25 32 40
Number 6 6 8 8 8 8
Size M4 M5 M5 M6 M8 M10
Pitch Circle mm 17 19 24 30 40 50
Clamp torque Nm 5.4 10.8 10.8 18.4 44.4 88.8
Torque transmission Nm 43 77 130 230 555 1110
capacity (bolt only)
27
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Assembly of Circular Spline

- —— -

CSG Series - Screws, Bolts and Optional Dowel Pins Table 25

Size 14 17 20 25 32 40

Dowel pin number 4 4 4 4 4 4

Dowel pin diameter 3 3 3 4 5 6

Pitch circle dia mm  18.5 21.5 27 34 45 56

Torque transmission 120 166 242 481 1070 2040

capacity(polt&pin) Nm
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: 0.15
6. Dowel Pin: parallel pin  Material:S45C-Q  Shear stress:-+30kgf/m

Standard Bolts (6) Standard Bolts (8)
4 Pins Threads for
(option) Disassembly
(option) Disassembly
CSG-14,17 CSG-20~40

Installation of Circular Spline
CSF Bolt Installation Table 26
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
Number 8 8 6 12 12 12 12 12 12 12 12 12 16 16 16
Size M2 M2.5 M3 M3 M3 M4 M5 M6 M8 M10 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  0.17 0.35 2.0 2.0 2.0 4.5 9.0 15.3 37 37 74 74 74 7128 128
Torque transmission 5 12 54 131 147 314 676 1150 2440 2620 4820 5370 8820 14450 16050
capacity Nm
CSG Bolt Installation Table 27
Size 14 17 20 25 32 40
Number 8 16 16 16 16 16
Size M3 M3 M3 M4 M5 M6
Pitch circle mm 44 54 62 75 100 120
Clamp torque ~ Nm 2.0 2.0 2.0 4.5 9.0 15.3
Torque transmission 72 175 196 419 901 1530

capacity Nm

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: 0.15

6. Dowel Pin: parallel pin  Material:S45C-Q  Shear stress:-+30kgf/m



Assembly Procedure
S n

7. Ensure that the surface used for installation is flat and not skewed.

8. Ensure that the installation surface does not have any burrs or
foreign substances resulting from screw threading operations.

9. Ensure sufficient clearance to prevent interference between the
flexspline and installed parts.

10.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.

11.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.

12. Ensure that the Flexspline and Circular spline are concentric
after assembly.

13. Do not damage Flexspline diaphragm or gear teeth during assembly.

Assembly Order for Basic Three Elements

The recommended sequences of assembly are illustrated below.

Only after the Circular Spline and Flexspline are assembled in equipment is the Wave Generator assembled.
If assembly is performed using a different method, Dedoidal assembly or teeth breakage may occur.

It is essential that teeth of the Flexspline and Circular Spline mesh symmetrically for proper function.

An eccentric tooth mesh (Dedoidal), will result in noise and vibration and may lead to early failure of the gear.

]
| o |

1=

When flexspline and
7’ 7’ wave generator are
<= assembled, open part
J J of flexspline will expand
at major axis.

W | |
fle@ /L w/e:ve generator

circular spline

Note:

1. Avoid assembling with excessive force on Wave Generator bearing.
Insert Wave Generator as you rotate it.

2. If the Wave Generator does not have an Oldham coupling, special
consideration must be given to ensure that concentricity and
inclination are within the specified limits. ( see page 24).
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External Dimensions of Housed Unit
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Note: Please note that the engagement length of bolt is within the length of threaded hole. Bolts that are too long may cause damage to Flexspline.
The shape of the output flange may vary by size. Please contact our engineers for more detailed information.

B
[¢] D
250143 (17) " <,
2_M3 size 14 Output Shape for Size 65 ‘ —
2-M83 size 17
Detailed drawing for Input side
7 L
T T @ - T
Q| @ ! Q
= 1},
u — | b=
4 s
Shape for WG #14, 17 (No Key) I\,\/AT i &
Dimensions Table 28
14 17 20 25 32 40 45 50 58 65
oA 73 79 93 107 138 160 180 190 226 260
B 419, 459, 4559, 29, 629, 1258, 69, 909, 104.59, 1159,
C 34 37 38 46 57 66.5 74 85 97 108.5
D CSF 7 8 7.5 6 5 6 615 5 7.5 6.5
csG 75 83, 759, 65 53, 655 - - - -
E 27 29 28 36 45 50.5 58 69 7 84.5
F 7 8 10 10 12 16 16 16 20 24
G 2 2 3 8 8 4 4 4
H 3.5 4 5 5 5 5 6 6
| 16.5 16.5 16.5 18.5 225 24 27 31 35 39
J 4.5 4.5 4 4.5 5.5 7.5 7 8 8.5 8.5
K 12 12 12.5 14 17 16.5 20 23 26.5 30.5
L 0.5 0.5 0.5 0.5 1 1.5 1 1 1.5 2
M 9.4 9.5 9 12 15 ® 6 8 10 10
M, - - - - - - - - - 4
N 9, CSF 17.6 19.5 20.1 20.2 22 27.5 27.9 32 34.9 40.9
CSG 18.5 20.7 215 21.6 23.6 29.7 30.5 34.8 38.3 44.6
o0h7 56 63 72 86 113 127 148 158 186 212
oP 55 62 70 85 112 126 147 157 185 210
2Q 42,5 49.5 58 73 96 109 127 137 161 186
ORH7 11 10 14 20 26 32 32 40 46 52
OR,H7 = - = = = = = - = 142
2S 11 10 14 20 26 24 25 32 38 44
oT h7 38 48 56 67 (68)* 90 110 124 135 156 177
oU*H7 6 8 12 14 14 14 19 19 22 24
V* - - 18,8 & 16.3 +0y 1.8 “% 16,3 2148 4 21148 +% 24.8 +9 278 2
W+ Js9 - - 4 5 5 5 6 6 6 8
oX 23 27 32 42 55 68 82 84 100 110

* Dimensions in parentheses indicates ratio 30:1



External Dimensions of Housed Unit

‘ 77777777777777777777777777777777777777777777777777777
Dimensions (mm) Table 29
14 17 20 25 32 40 45 50 58 65
6 6 8 8 8 8 8 8 8 8
M4X8 M5X10 M6X9 M8X12 M10X15 M10X15 M12X18 M14X21 M16X24 M16X24
1 1 1.5 1.5 1.5 2 2 2 2.5 2.5
ab 65 71 82 96 125 144 164 174 206 236
. CSF 6 8 12 8 12 12 12 8
CSG 8 10 12 10 12 14 12 8
od 4.5 4.5 5.5 5.5 6.6 9 9 9 11 14
oe 38 45 53 66 86 106 119 133 154 172
- CSF 6 8 12 8 12 12 12 8
CSG 8 10 12 10 12 14 12 8
g9 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 $100 $105 S125 S135
i S50 S56 S67 S80 $105 S125 S145 S155 S180 $205
ok 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
; CSF 2 2 2.4 2.8 3 5.5 6.1 5 6.8 7.6
CSG 1.1 0.8 1 1.4 1.4 3.3 35 2.2 3.4 3.9
" CSF 6 7 7.4 8.8 11 15.5 18.1 19 22.8 23.6
CSG 5.1 5.8 6 7.4 9.4 13.3 166 16.2 19.4 19.9
oy 8 7 10 15 20 24 25 32 38 44
oy 14 18 21 26 26 32 32 32 40 48
Weight (Kg) 0.52 0.68 0.98 1.5 3.2 5.0 7.0 8.9 14.6 20.9

*U, V, W dimensions can be changed to accommodate a range of motor shaft diameters.

Specification for Cross Roller Bearing
Housed units incorporate a precise cross roller bearing to directly support a load. The inner race of the bearing forms the output flange.
Please calculate maximum load moment, life of cross roller bearing, and static safety factor to fully maximize the performance of housed unit (gearhead).
Calculation Procedure

1. Maximum Load Moment (Mmax)

Calculate maximum load moment

M Maximum load moment (Mmax)< Allowable moment (Mc) ‘

2. Output Bearing Life

Calculate average radial load (Frav)

and average axial load (Faav)

P Calculate radial load coefficient (X)

and axial load coefficient (Y)

-

Calculate lifetime

3. Static Safety Factor

Calculate static equal radial load (Po)

M Confirm static safety factor (fs)

Specification for cross roller bearing
Specification for cross roller bearing is shown on figure.

Table 30

Pitch Circle Offset Basic Dynamic Rated Load Basic Static Rated Load Allowable Moment Load Mc Moment Rigidity Km

Size dp R © Co x10% in-Ib/

m m X10°N Io X10°N Ib Nm in-lb Nm/rad arc-min
14 0.085 0.0095 47.4 1066 60.7 1365 41 363 4.38 113
17 0.0425 0.0095 52.9 1189 75.5 1697 64 566 7.75 200
20 0.050 0.0095 57.8 1299 90.0 2023 91 805 12.8 330
25 0.062 0.0115 96.0 2158 151 3395 156 1381 24.2 623
32 0.080 0.013 150 3372 250 5621 313 2770 53.9 1380
40 0.096 0.0145 213 4789 365 8206 450 3983 91.0 2340
45 0.111 0.01565 230 5171 426 9577 686 6071 141 3630
50 0.119 0.018 348 7824 602 13534 759 6717 171 4400
58 0.141 0.0205 518 11646 904 20324 1180 10443 283 7290
65 0.160 0.0225 556 12500 1030 23156 1860 1646 404 10400

Basic dynamic rated load is a constant radial load where the basic dynamic rated life of CRB is 1 x 108 rotations.
Basic static rated load is a static load where the value of moment rigidity is the average value.

Harmonic Drive LLC 800-921-3332
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Output Bearing Ratings

B — -
How to Calculate the Maximum Load Moment
How to calculate the Maximum load moment is shown below. Please be sure that Mc is equal or greater than M max.
Mmax = Frmax e (Lr+R) + Famax » La
Frmax Max. radial load N Figure 7
Famax Max. axial load N Figure 7
Lr, La Moment arm m Figure 6
R amount of offset m Table 30
Figure 6
How to Calculate an Average Load
To calculate average radial load, average axial load or
average output speed, follow steps below.
When the radial load and axial load vary,
the life of cross roller bearing can be determined Support
by converting to an average load. (see figure 7) PP
Load éu
R_|
I\
) Fr
equation (11) Calculate Average Radial Load Radial Load @ N
©
'%3/ I’htw|Fl’w|'0/3+ nztlel’zl‘O/s"' + ﬁntn|FI'n|‘0/3 ﬂ
Frav =
Niti+ Netares + Natn
. S , ) , S —
However Max. radial load in t1is Fr1, Max. radial load in t3 is Fr3. L4|F‘r
Axial Load
. . Fa Lr R
equation (12)  Calculate Average Axial Load(Faav)
‘W nwtwlFaw|W3+ nztleaz|‘°/3-~- + ﬂntananl‘M
Faav =
Niti+ Neteres + Nata
However, an axial load in t1 is Fa1, Max. axial load in t3 is Fa3.
equation (13)  Calculate Average Output Speed ,
Figure 7
Nav = nits + natz -+ + natn
tite -+ + tn
Fry
How to calculate radial load coefficient (X) axial load (Y) Fr,
list 2 Radial \ e
X Y Load i i
| |
Faav <15 1 045 | | =
Frav+2 (Frav (Lr+R) + Faav-La) /dp B | ! b
| Fa | |
. Fa, : :
Faav >15 067 0.67 el | | .
Frav+2 (Frav (Lr+R) + Faav-La) /dp o ; v »time
|
| |
‘ ‘ P
Lot to Lot
I : I I
|
| : n, } }
|
Frmax Max. radial load N Figure 7 oy I, I
(Output) T ﬁ
Famax Max. axial load N Figure 7 »time
Lr, La Moment arm m Figure 6
R amount of offset m Table 30
dp pitch circle m Table 30




How to Calculate Life of the Output Bearing

The life of a cross roller bearing can be calculated by equation (15).

equation (15)

6 10/3
L. - 10 x( o] )
60xNav \ fw.Pc

Equation 15
L 10 Life Hour —_—
Nav Average Output Speed rpm equation 13
C Basic Dynamic Rated Load N table 30
Pc Dynamic Equivalent N equation 16
fw Load Coefficient — list 3
List 3
Load Coefficient, fw
Steady operation without impact and vibration 1~1.2
Normal operation 1.2~1.5
Operation with impact and vibration 1.5~8

Dynamic Equivalent Radial Load

equation 16
P =X - (2(Frav(Lr+R)+FaaV-
dp

Symbol of equation

La)) +Y . Faav

Frav Average radial load N equation 11

Faav Average axial load N equation 12

dp Pitch diameter m table 30

X Radial load coefficient ~ ——— list 2

Y Axial load coefficient — list2

Lr, La Moment Arm m figure 6

R Offset m figure 6 and table 30

How to Calculate Static Safety Coefficient

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 equation 17.

Reference values under general conditions are shown on list 4.

Static equivalent radial load can be calculated by equation (17)

equation (17)
Co
Po

fs =

Symbols for equation (17)

Co

Basic static rated load

table 30

Po

Static equivalent radial load

refer to equation (19)

Output Bearing Life

How to Calculate Life for Oscillating Motion

The Life of a cross roller bearing in a oscillating operation
can be calculated by equation 18

equation (18)

oc= 10 ﬂx( C
60xn1 () fw.Pc

)1 0/3

Symbol of equation

Loc Rated life for oscillating motion Hour —_

ni Round trip oscillation each minute rpm = ——

C Basic dynamic rated load N _—_

Pc Dynamic equivalent radial load N equation 16

fw Load Coefficient — list3

(0] Angle of oscillation/2 degrees refer to figure

figure 8

Oscillating Angle

A small angle of oscillation (less than 5 degrees) may cause fretting corrosion to
occur since lubrication may not circulate properly.

equation (19)

2Mmax

Po = Frmax + + 0.44- Famax

list 4

Symbols for Equation (19)

Rotating Conditions

Load Conditions

Lower Limit Value for f,

Normally not rotating Slight oscillations 0.5
Impact loads 1-1.5

Normally rotating Normal loads 1-2
Impact loads 2-3

Frmax Max. radial load N
Famax Max. axial load N
Mmax Max. moment load Nm
dp Pitch diameter m

Harmonic Drive LLC 800-921-3332 [E&



.Recommended Tolerances for Assembly

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii '
Installation accuracy
For optimum performance of the CSF-2UH unit, please maintain the recommended tolerances shown in figure.
Recommended installation tolerance definitions
- a A
recommended case tolerance case fit surface
A
A
/
— m|
‘ i
F I 1T TN
©] ¢ |A - b | A
recommended shaft tolerance wave generator installation surface
Recommended installation tolerances (mm) Table 31
14 17 20 25 32 40 45 50 58 65
a 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031 0.034
. 0.017 0.020 0.020 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)
0.030 0.034 0.044 0.047 0.050 0.063 0.065 0.066 0.068 0.070
C
(0.016) (0.018) (0.019) (0.022) (0.022) (0.024) (0.027) (0.030) (0.033) (0.035)

The values in parentheses indicate that the wave generator does not have an oldham coupling.

Installation and transmission torque

output flange side

Ll — case side




Recommended Tolerances for Assembly

.- ] n
Installation on Output Flange Side and Resulting Transmission Torque
Table 32
Size 14 17 20 25 32 40 45 50 58 65
number of screws 6 6 8 8 8 8 8 8 8 8
size of screws M4 M5 M6 M8 M10 M10 M12 M14 M16 M16
pitch circle diameter mm 23 27 32 42 55 68 82 84 100 110
clamp torque/screw Nm 5.4 10.8 18.4 45 89 89 128 205 319 319
torque transmitting capacity Nm 58 109 245 580 1220 1510 2200 3070 4980 5480

Installation on Case Side and Resulting Transmission Torque

Table 33
Size 14 17 20 25 32 40 45 50 58 65
number of screws 6 6 6 8 12 8 12 12 12 8
size of screws M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
pitch circle diameter mm 65 71 82 96 125 144 164 174 206 236
clamp torque/screw Nm 4.5 4.5 9.0 9.0 15.3 37 37 37 74 128
torque transmitting capacity Nm 137 147 274 431 1200 1680 2860 3040 5670 6310

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: 0.15

6. Dowel Pin: parallel pin  Material:S45C-Q  Shear stress:-+30kgf/m

Lubrication

The standard lubrication for the harmonic drive element is Harmonic grease SK-1A and SK-2.
(Harmonic grease 4B No.2 is used for cross roller bearing.)
Please see page 23 for grease specification.

Seal Structure

A seal structure is needed to maintain the high durability of harmonic drive gearing and prevent grease leakage.

Key Points to Verify

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

(note)
If you use Harmonic grease 4BNo.2, strict sealing is required.

Sealing Recommendations for Housed Units

Output Side Holes which penetrate housing O ring (supplied by Harmonic Drive LLC)

Installation screw / bolt Screw lock adhesive which has effective seal
(recommendation: Loctite 242)

Input Side Flange surfaces Use o-ring (supplied by Harmonic Drive LLC)

Motor output shaft Please select a motor which has an oil seal
on the output shaft.

Harmonic Drive LLC 800-921-3332 [E&



Efficiency

Efficiency
The efficiency depends on the conditions shown below.

Efficiency depends on gear ratio, input speed, load torque, temperatu-

re, quantity of lubricant and type of lubricant.

Efficiency values shown are for rated torque. If load torque is below

rated torque, a compensation factor must be employed.

Load Torque > Rated Torque :Efficiency = Efficiency from Graph
Load Torque <Rated Torque : Efficiency = Efficiency from Graph x

Compensation Coefficient from figure 9.

COMPONENT SET 8,11, 14

Harmonic drive grease SK-2

Measurement Condition

Install

ation :

Load torque :
Lubricant :

Based on recommended tolerance

Rated torque

Harmonic grease SK-1A
Harmonic grease ~ SK-2
Harmonic grease 4B No.2
Grease quantity : Recommended quantity

Please contact us for details pertaining to recommended oil lubricant.

Ratio 30 Ratio 50, 80 Ratio 100
100 100 100
90 90 90
500/min | | 5000
” Ereni— — T — [ o
— T rooomal—— / L —] M | / 20001/
70 @ﬁ 70 ~a 70 35007/min
3500r/min|
5 60 g 0 £ 60 /
= = =
L ) L
50 50 50
40 40 40
o~3% o~3% 6~3%
30 30 30
20 20 20
-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°)
Harmonic drive grease 4B No.2A
Ratio 30 Ratio 50, 80 Ratio 100
100 100 100
90 90 90
- . s00r/min| | ——o . | So0min,__—
70 ///%/ 70 o 70 // oo~
- 3500r/min - So00/mi . / 3500r/mi
% / / % / /mir % /
c 8 5 80 5 80
= = =
L / L i}
50 50 50
40 40 40
6~3% 6~3% 6~3%
30 30 30
20 20 20
-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°)



Efficiency
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Figure 9
Efficiency Compensation Coefficient

——

//

154
©

o
o)

T = Efficiency at Rated Torque

o©
3

o
™~

Compensation Coefficient
o
C o

0.4
Torque = Load Torque
03 Rated Torque
o
01 02 03 04 05 06 04 08 09 1.0
Torque
COMPONENT SET 17~100
Harmonic drive grease SK-1A, SK-2
Ratio 30 Ratio 50 Ratio 80, 100
100 100 100
90 90 90 o
500r/min
| 500r/min__
5001/
80 80 — 80 /7@
500r/min — L —000r/mi j
e e e / / 2000t/
/ /m /-/ / / w/ / M
70 | st00rimd—" 70 3500r/min 70
> > >
3 60 8 60 8 60
b= E =
[AT) [AE) L
50 50 50
40 40 40
6~3% 6~3% c~3%
30 30 30
20
-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°)
Ratio 120 Ratio 160
100 100
90 90
|5000min_ N
| — [B2grmiE
80 1000r/mi 80
70 500r/min—| 70 2000E
> > 3500r/min
(&) (&)
o) 5
5 60 5 60
= =
i m
50 50
40 40
0~3% o~3%
30 30
20 20
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (C°) Ambient Temperature (C°)

Harmonic Drive LLC 800-921-3332 Bl



Efficiency
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COMPONENT SET 17~100

Harmonic drive grease 4B No.2

Ratio 30 Ratio 50 Ratio 80, 100
100 100 100
90 90 90
500r/min_|
80 500r/min 80 80 7000r/min
- 500r/min - —
| — T —1— T — T000r/mil_—_| | —
// T /—/ //@// //W
70 2000r/mi 70 70 3500r/min
> / / m > / / 3500r/mi
5 60 5 60 60
i i /
50 50 50
40 40 40
0~3% 0~3% o~3%
30 30 30
20 20 20
-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°)
Ratio 120 Ratio 160
100 100
90| 90
80| - 80
/ 1000r/min /
/ / ZOW/ / / 7000r/min|_—"|
0 3500r/min 0 2000
> >
§ / % 3500r/min
3 60| S 60
= &
[aE) L
50 50
40 40
6~3% 6~3%
30 30
20 20
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (C°) Ambient Temperature (C°)



Efficiency

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii |
HOUSED UNIT 14
Harmonic drive grease SK-2
Ratio 30 Ratio 50, 80 Ratio 100
100 100 100
90 90 90
80 80 80 [0
70 70 S0y ——————— 70 /@
5007/min | ——F——— F3000r/mi
g / @ / L — % 7000r/mi / % / / m:’
-8 60 -8 60 -3 60
2 20001/ IS y" L
= = =
- / @:ﬁ: - / 85001/min -
50 50 50
40 40 40
0~3% o~3% 0~3%
30 30 30
20 20 20
-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°)
Harmonic drive grease 4B No.2A
Ratio 30 Ratio 50, 80 Ratio 100
100 100 100
90 90 90
80 80 80
500r/mi |
70 - 70 70
500r/min | ————  ———— in——| 1000r/min
- | oo — / | _—7o00rmi [ _— - / |
/
g 60/@/// 5 60 @/ 5 60 M/
© © 1 ©
= 0001/ L / / 3500r/min £
i ] i 35001/m
/ 3500r/min o
50 50 50 /
40 40 40
0~3% 0~3% o~3%
30 30 30
20 20 20
-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°)
39
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HOUSED UNIT 17~65
Harmonic drive grease SK-1A, SK-2

Ratio 30 Ratio 50 Ratio 80, 100
100 100 100
90 90 90
| 500r/min
80 80 e 80 /@
500r/min_| ——T———— —] / / 00
. e I B e £ s e I e
70001/
C / C C
S 60 3500r/min 3 60 35007/min 3 60
| i i
50 50 50
40 40 40
0~3% 0~3% 0~3%
30 30 30
20 20 20
-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°)
Ratio 120 Ratio 160
100 100
90 90
500r/min
[— 500r/min
80

\l

; 80
ot / 1000r/mi
/ r/min

a 3 3500r/min
5 60 & 60
o o
£ E
[4E) L
50 50
40 40
6~3% 6~3%
30 30
20 20
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (C°) Ambient Temperature (C°)



Efficiency

HOUSED UNIT 17~65

Harmonic drive grease 4B No.2

Ratio 30 Ratio 50 Ratio 80, 100
100 100 100
90| 90 90
500r/min
80 80 500r/min e | 80 //;
1000r/mi
I r/min — :’_ / /m // / / /Mr/mq/
70 00r/minp——""] 70 i 70 f
/ oo 2000r/mir: 500rmin
2 // Iy 3500r/min z
c 3500r/min c c
5 60 8“/// 5 60
k= = k=
i / i i
50| 50 50
40 40 40
o~3% 6~3% 0~3%
30] 30 30
20 20 20
-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°)
Ratio 120 Ratio 160
100 100
90 90
80 — 80 —
20 / / ZOOOr@—/ 20 — 2000¢/min
3500r/min 3500r/min
2 60 260
IS o
i i
50 50
40 40
6~3% 6~3%
30 30
20 20
-10 0 10 20 30 40 -10 0 10 20 30 40

Ambient Temperature (C°)

Ambient Temperature (C°)
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No Load Running Torque

No Load Running Torque

No load running torque indicates an input torque which is needed

to rotate harmonic drive gearing with no load on the output side

(low speed side). Please contact us regarding details.

COMPONENT SET

Harmonic drive Grease SK-1A , SK-2
Input Speed 500r/min

10000
1000
= 100

5 ——o
z 100 — T 80
° 65
El 58
g 50
S 45
2 ———40
c —— —32

n%: 10
5 25
3 20
o — | 17
z ] ———14
11

———13
0.1

-10 0 10 20
Ambient Temperature (C°)

Input Speed 2000r/min

30 40

10000
——
1000
100
%
’g 80
- 65
o 100 50
i; 45
o 40
e 32
= \
S 10 25
sy
g 20
8 17
—
o 14
z ’ —hE
8
0.1
-10 0 10 20 30 40

Ambient Temperature (C°)

Size

Size

Measurement condition

Ratio : 1/100

Lubricant : Harmonic grease SK-1A
Harmonic grease SK-2
Harmonic grease 4BNo.2

Quantity : Recommended quantity

see page 19

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

In case of oil lubricant, please contact us.

Input Speed 1000r/min

10000
1000 —
= 100
S 90
z ——=&0
o T——1 —65
g 100 58
o 50
5 45
e} 40
C
5 — 32
o 10
g 25
S 20
2 — 17
1 T 1?
8
0.1
-10 0 10 20 30 40
Ambient Temperature (C°)
Input Speed 3500r/min
10000
\\
1000 100
90
80
g 65
T 58
ES 100 I R e 50
9] 45
g 40
2 32
g
s s
5 10
T 20
g 17
J 14
2 I 11
1
8
0.1
-10 0 10 20 30 40

Ambient Temperature (C°)

Size

Size



No Load Running Torque

- — ] |
. . . Component Set No Load Running Torque Compensation Value Nem  Table 34
(c(:')oo%ppec?::r:!coge\t/flue in Each Ratio size / ratio 30 50 80 120 160
8 0.4 0.2 - - -
No load running torque of harmonic drive gear varies 1 o7 03 i ) )
with ratio. The graphs indicate a value for ratio 100. ' '
For other gear ratios, add the compensation values 14 1.1 0.5 0.1 - -
from table 34. 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 45 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 47 -3.5 -8.4
80 - 55 8.5 6.2 -15
COMPONENT SET %0 ] " 12 87 2
. . 100 - 100 16 -12 -28
Harmonic drive Grease 4B No.2
Input Speed 500r/min Input Speed 1000r/min
10000 10000
1000 1000
’E‘ 100
; — < ——>
< 100 T 65 3 oo ——— ——3
% 58 5 50 §
S 50 ;} » o
g — “
Q c —
E ~— 1 Dg: " \\ 32
o}
c 25 3 %
8 | 20
| fg g 17
2 \\\\\ . I — 1.4
! 11 ! "
——; 8
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (C°) Ambient Temperature (C°)
Input Speed 2000r/min Input Speed 3500r/min
10000 10000
1000 1000 100
;80 90
= 0 = 80
@ — | 65 ? o
< 400 e — < 0 &
o) 50 ) 45
g w0 8 3 © g
i — o 'i 32
¥} s
€ 10 E— — 25 € 10 [— —
=} =} 20
< 20 o
o o 17
8 7 8
i} 14 i} 14
2 T 0 2 — ——
1 1
5 8
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
Ambient Temperature (C°) Ambient Temperature (C°)
Harmonic Drive LLC 800-921-3332 &



.No Load Running Torque

————————————————————————————————————————————————————— -
Compensation Value in Each Ratio (unit type) Unit type, compensation amount of no load, running torque compensation value. Ncm  Table 35
No load running torque of harmonic drive gear varies with size / ratio 30 50 80 L 160
ratio. The graphs indicate a value for ratio 100. For other 14 2.5 1.1 0.2 - -
gear ratios, add the compensation values from table 35. 17 3.8 1.6 0.3 -0.2 -

20 5.4 2.3 0.5 -0.3 -0.8
25 8.8 3.8 0.7 -0.5 -1.2
32 16 74 1.3 -0.9 -2.2
40 - 12 21 =116 -8.5
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 -5.1 -12
HOUSED UNIT
Harmonic drive Grease SK-1A, SK-2
Input Speed 500r/min Input Speed 1000r/min
10000 10000
1000 1000
€
€ @
o <
Z \\ . - \\\\65
100 o S 100 58
) e g 50 o
o 7 © 45 .UNJ
° : 5 ‘
a — ] C
g 10\ — = n%: 10 — — 25
i 25 3 "
xe] 20 o
g 17 2 17
— o
o 14 z 14
z
1 1
0.1 0.1
-10 0 10 20 30 40 -10 0 10 20 30 40
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Starting Torque and Backdriving Torque
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Starting Torque Component Type Backdriving Torque
Starting torque is the torque required to commence rotation of Backdriving torque is the torque required to commence rotation
the input element (high speed side), with no load being applied of input element (high speed side) when torque is applied on
to the output. The table below indicates the maximum values. the output side (low speed side). The table below indicates the
The lower values are approximately 1/2 to 1/3 of the maximum values.  maximum values. The typical values are approximately 1/2 to 1/3
of the maximum values. The backdriving torque should not be
relied upon to provide a holding torque to prevent the output from
backdriving. A failsafe brake should be used for this purpose.
Measurement condition: Ambient temperature 20°C
Values shown below vary depending on condition.
Please use values as a reference.
Starting Torque for Component Sets (Ncm) Table 36
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
30 CSF 1.3 2.7 4.3 6.5 11 19 45 - - - - - - - -
CSG - - 4.7 7.2 12 21 50 - - - - - - - -
50 CSF 0.8 1.6 3.3 5.1 6.6 12 26 46 63 86 130 180 320 450 590
CSG - - 3.6 5.6 7.3 13 29 51 - - - - - - -
80 CSF - - 2.4 3.3 4.1 7.7 16 29 41 54 82 110 200 280 380
CSG - - 2.6 3.6 4.5 8.5 18 32 - - - - - - -
100 CSF 0.59 1.1 2.1 2.9 3.7 6.9 15 26 36 48 73 98 180 250 340
CSG - - 2.3 3.2 4.1 7.6 17 29 - - - - - - -
120 CSF - - - 2.7 3.3 6.3 13 24 33 45 67 92 170 230 310
CSG - - - 3.0 3.6 6.9 14 26 - - - - - - -
160 CSF - - - - 2.9 5.5 12 21 29 39 58 80 140 200 270
CSG - - - - 3.2 6.1 13 23 - - - - - - -
Back Driving Torque for Component Sets (Nm) Table 37
Size 8 1Al 14 17 20 25 32 40 45 50 58 65 80 90 100
30 CSF 0.65 1.3 2 3.2 5.5 10 21 - - - - - - - -
CSG - - 2.2 35 6.1 11 23 - - - 5 - - - -
50 CSF 0.5 1 1.4 2.5 4 7.5 16 28 37 52 80 110 200 270 360
CSG - - 1.5 2.8 4.4 8.3 18 31 - - 5 - - - -
80 CSF - - 1.4 2.5 4.2 7.7 16 28 39 53 81 120 200 270 370
CSG - - 1.5 2.8 4.6 8.5 18 31 - - - - - - -
100 CSF 0.7 1.4 1.7 2.8 4.5 8.4 18 31 42 57 88 130 220 300 400
CSG - - 1.9 3.1 5.0 9.2 20 34 - - - - - - -
120 CSF - - - 3.1 4.9 9.2 19 34 47 63 97 140 240 330 440
CSG - - 3.4 5.4 10 21 37 - - 5 o - o -
160 CSF - - - - 5.8 11 23 40 57 77 120 170 290 390 540
CSG - - - - 6.4 12 25 44 = = 5 o - o -
Starting Torque for Housed Units (Ncm) Table 38 Back driving Torque for Housed Units (Nm) Table 39

Size 14 17 20 25 32 40 45 50 58 65 Size 14 17 20 25 32 40 45 50 58 65
30 CSF 6.4 93 15 25 54 - - - - - 30 CSF 24 38 6.2 1 23 - - - - -
csG 70 10 17 28 59 = = = = = CSG 26 42 638 12 25 = = = = =
50 CSF 41 614 78 15 31 55 77 110 160 220 50 CSF 16 3 4.7 9 18 33 47 62 95 130
CSG 45 6.7 86 17 34 61 = = = = CcsG 18 383 52 99 20 36 = = = =
80 CSF 28 4 49 92 19 35 49 66 98 140 80 CSF 16 3 48 91 19 33 48 63 96 140
CSG 3.1 44 54 10 21 39 = = = = CcsG 1.8 383 53 10 21 36 = = = =
100 CSF 25 34 438 8 18 31 43 58 88 120 100 CSF 18 33 5.1 9.8 20 36 51 68 110 150
CsG 28 37 47 88 20 34 = = = CSG 2 36 56 1 22 40 = = = =
120 CSF - 381 38 73 15 28 39 52 80 110 120 CSF - 385 55 1 22 39 55 73 110 160
CSG - 384 42 80 17 31 = = CSG =] 80 } @1 12 24 43 = = = =
160 CSF - - 33 63 14 24 33 45 68 93 160 CSF - - 6.4 13 26 46 64 8 130 180
CSG = = 36 69 15 26 = = = = CSG = = 7 14 29 51 = = = =




Positioning Accuracy

The positioning accuracy of the gear represents a linearity error bet-
ween the input and output angle. The position error is the difference
between theoretical and actual output rotation angle.

The positioning accuracy is measured for one complete output revolu-
tion using a high resolution measurement system. The measurements
are carried out without reversing direction.

The positioning accuracy is defined as the difference between the
maximum positive and maximum negative deviation from the theoreti-
cal position.

Typical Positional Accuracy Curve

il AR AN A AAARA A AL ARAAAAANAN
i HHH‘”H‘H”””H”H”H

Position Accuracy

x 10 rad (arc-min)

Positioning Accuracy

Table 40
Gear Ratio 8 1A 14 17 20 25 32 40-100
standard 5.8 5.8 5.8 4.4 4.4 4.4 4.4-
30 @) ) 2 (1.5) (1.5) (1.5) (1.5)
special . . . = =
. - - . ) () (1) -
tandard 5.8 4.4 4.4 4.4 2.9 2.9 2.9 2.9
standart
50 and @) (1.5) (1.5) (1.5) M M M M
larger special - - 2.9 2.9 1.5 1.5 1.5 1.5
(1) (1) (0.5) (0.5) (0.5) (0.5)
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Torsional Stiffness
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Torsional Stiffness
Torsional stiffness is determined by applying a load to the output of the harmonic drive gear, with the input rotationally locked.
The angular rotation is measured as the load is increased. The typical curve (shown in the figure 11) is non-linear. The stiffness is
determined the slope of this curve. For simplicity, the curve is approximated by 3 straight lines having stiffness of K1, Ko, and Ks.
Stiffness Ky applies for output torque of 0 to T+. Stiffness Kz applies for output torque greater than To. Stiffness Ko applies for
output torque between T1 and Ta.Typical stiffness values are shown in tables 41, 42, 43.
Figure 10 Figure 11
Torsional Angle A Torsional Angle
Ks
Hysteresis ——
Y Y B Y U
Torque
—Te i 0 +To .
@
B' o
@1f Torque
v L I
/ T T2
A
Ratio 1/30 Table 41
Size 8 11 14 17 20 25 32
Ty Nm 0.29 0.80 2.0 3.9 7.0 14 29
K, X104 Nm/rad 0.034 0.084 0.19 0.34 0.57 1.0 2.4
0 X10* rad 8.5 9.5 10.5 11.5 12.3 14 12.1
! arc min 3.0 3.3 3.6 4.0 4.1 4.7 4.3
T, Nm 0.75 2.0 6.9 12 25 48 108
Ko X10* Nm/rad 0.044 0.13 0.24 0.44 0.71 1.3 3.0
o X10* rad 19 19 31 30 38 40 38
? arc min 6.6 6.5 10.7 10.2 12.7 13.4 13.3
Kq X10 Nm/rad 0.054 0.16 0.34 0.67 1.1 2.1 4.9
Torsional Stiffness for Ratio 1/50 Table 42
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
T Nm 0.29 0.80 2.0 3.9 7.0 14 29 54 76 108 168 235 430 618 843
Ki; 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
[0 X10* rad 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
arc-min 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
T, Nm 0.75 2.0 6.9 12 25 48 108 196 275 382 598 843 1570 2260 3040
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
@,  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
arc-min 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 53 | 62
Ks 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
Numbers are average value.
Torsional Stiffness for Ratio 1/80 and up Table 43
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
T Nm 0.29 0.80 2.0 3.9 7.0 14 29 54 76 108 168 135 430 618 843
Ki;  X104Nm/rad 0.091 0.27 0.47 1 1.6 3.1 6.7 13 18 25 40 54 100 145 200
@y  X10* rad 3.2 3.0 4.1 3.9 4.4 4.4 4.4 4.1 4.1 4.4 4.1 4.4 4.4 44 4.4
arc-min 1.1 1.0 1.4 1.3 1.5 1.5 1.5 1.4 1.4 1.5 1.4 1.5 1.5 1.5 15
Ts Nm 0.75 2.0 6,9 12 25 48 108 196 275 382 598 843 1570 2260 3040
Ko, X104Nm/rad 0.10 0.34 0.61 1.4 2.5 5.0 ihl 20 29 40 61 88 162 230 310
@,  X10* rad 8 6 12 9.7 11.3 11.1 11.6 11.1 11.1 11.1 11.1 11.3 113 116 113
arc-min 2.6 2.2 4.2 3.3 3.9 3.8 4.0 3.8 3.8 3.8 3.8 3.9 3.9 4.0 3.9
Ks X10“Nm/rad 0.12 0.44 0.71 1.6 2.9 5.7 12 23 33 44 71 98 185 263 370

Numbers are average value.



Engineering Data .

Calculate Torsion Angle
1. For T<T; O =T/K
2. For Ti<T<Ty : O = T1/Ky + (T-To) /Ko
3. ForTo<T 1O =Ti/Ky+ (To-Tq)/Ky+ (T-To) /Kg
Note: Units for T, T+, To, K, Ky, Ky, Kg, and ©-must be consistent.

Hysteresis Loss

A typical hysteresis curve is shown in figure 10. With the input locked, a torque
is applied from 0 to + Rated Torque. Hysteresis measurement is shown in the
figure. The following table shows typical hysteresis values.

Hysteresis Loss Table 44

Size 8 11 14 17 20 25 32 40

30 X10* rad 8.7 8.7 8.7 8.7 8.7 8.7 - -
arc min 3 3 3 3 3 3 3 -

50 X10* rad 8.7 5.8 2.9 2.9 2.9 2.9 2.9 2.9
arc min 3 2 1 1 1 1 1 1

30 X10* rad 5.8 5.8 2.9 2.9 2.9 2.9 2.9 2.9
arc min 1 1 1 1 1 1 1 1

Backlash from Oldham Coupling

The harmonic drive gearing element has zero backlash. However, an Oldham
coupling is included as standard with all gearing components and gearheads.
The Oldham coupling compensates for motor shaft concentricity errors.
Unfortunately, the Oldham coupling does add a small amount of backlash to
the system. Backlash values are shown in table 45. This amount of backlash is
usually negligible. Component sets and gearheads can be supplied without an
Oldham coupling. This is called a “Direct Drive” version.

Backlash from Oldham Coupling - Table 45
Size 8 11 14 17 20 25 32 40 45 50 58 65 80 90 100
30 X10® rad 28.6 23.8 29.1 16.0 13.6 13.6 11.2 - - - - - - - -

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
arc sec 85 24 36 20 17 17 14 14 12 12 10 10 10 8 6
80 X10® rad - - 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 1.9
arc sec 18 ill5 18 10 9 9 7 7 6 6 5 ) o) 4 3
120 X10® rad - - - 3.9 3.9 3.9 2.7 2.9 2.4 2.4 1.9 1.9 1.9 1.5 1.5
arc sec - - - 8 8 8 6 6 5 5 4 4 3 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 3 3 3 2 2

Surface Treatment

Corrosion resistant surface treatments are available for exposed areas of harmo-
nic drive products. Additionally some components can be manufactured using
corrosion resistant steels.

All products are warranted to be free from design or manufacturing defects for a period of one year from the date of shipment. Such items
will be repaired or replaced at the discretion of Harmonic Drive LLC. The seller makes no warranty, expressed or implied, concerning the
material to be furnished other than it shall be of the quality and specifications stated. The seller’s liability for any breach is limited to the
purchase price of the product. All efforts have been made to assure that the information in this catalog is complete and accurate. However,
Harmonic Drive LLC is not liable for any errors, omissions or inaccuracies in the reported data. Harmonic Drive LLC reserves the right to
change the product specifications, for any reason, without prior notice.
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