DC Servo

Total Motion Control



Precision Gearing & Motion Control

DC SERVO ACTUATORS

FEATURES: ® ZERO BACKLASH ® HIGH POSITIONAL ACCURACY ® HIGH STIFFNESS

The RH mini series actuators are used in highly demanding industrial servo systems and provide precision motion
control and high torque capacity in very compact packages.

Select the optimum DC servo actuator

The RH actuators combining precision Harmonic Drive™ gear and DC servo motors offer unique features unsurpassed
by conventionally geared drives. Used in highly demanding industrial servo systems, they provide precision motion con-
trol and high torque capacity in very compact packages. The tach-generator and/or encoder are directly mounted onto
the motor shaft. Since the gear has zero backlash, high servo gains may be used, providing a very stiff, yet stable servo
system.

The Harmonic Drive™ gear is lubricated with a specially developed grease to ensure minimum maintenance requirements
and long service life. The motor brush holders have seals to prevent dust transfer.
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Selection Procedure

Requirements for Preliminary Selection

Load Torque T, [Nm]
Load Speed n; [rpm]
Load Inertia J; [kgm?]
Load Inertia J; [kgm?]

Rated Torque Ty [Nm]
Rated Output Speed ny [rpm]
3 J, (Actuator Inertia) acceptable

AN N A

Ja (Actuator Inertia) for best possible

dynamic response

fiky

Determination of the duty cycle

Preliminary selection of the actuator

Determination of the acceleration torque T, [Nm]

21 X (JA + JL) N

T
L * 760 t,

[Equation 1]

Acceleration Torque Ty < Maximum Output Torque T,
(Values for T,, see page 8, 18, and 19)

No Select another actuator which

meets this requirement

Determination of the average torque T, [Nm]
T12 . t1 + T22 . t2 + T32 . t3
th+th + 3+ 1y

with: T; = Acceleration Torque
T, = T_=Load Torque
T; = T,- (T, - T,) Braking Torque

(ifty=t3) [Equation 2]

Tp = T
[

Average Torque T, < Rated Torque Ty of the actuator
(Values for Ty see page 8, 18 and 19)

No Select another actuator which

meets this requirement

Selected actuator meets all requirements

Select the required encoder resolution

Position Control required

Speed Control required

Encoder Resolution Where: n = Encoder Resolution Encoder Resolution Where: Ny, = Minimum operating
R = Gear reduction ratio output speed [rpm]
n:= (5~1 0) . M 0= Desired position n=3- LF:S fs = Cut-off frequency [Hz]
eA R ¥ acauracy at the. oytput farc-min] Aimin * Y For HS Series Control Units the cut-off fre-
[Equation 3] v = Encoder multiplier [Equation 4] quency f, can be assumed to be 100 Hz.

The most suitable encoder output type can be selected according to the following basic specifications:

& AL - Line Driver (+5V version)

This type can transmit the encoder signal up to 10m and requires a 5V DC power supply

& BL - Line Driver (+12V version)

This type can transmit the encoder signal up to 100m and requires a 12V DC power supply
4 DO - Open Collector (+ 4.75V to 12.6V); AO - Open Collector (+5V)
These types can transmit the encoder signal up to 10m. They should not be used in environments suffering

from high levels of electrical noise.
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Load and Operating Conditions Actuator Data

Load Torque T.= 5 Nm <Ty = 59 Nm
Load Speed n = 20 rpm <ny = 30 rpm
Load Inertia JL = 0.15kgm? | < J, = 0.0816 kgm?
Acceleration Time ty, = 01 s <Tn= 20 Nm
Constant Speed Time t, = 0.2 s

Braking Time t3 = 01 s

Idle Time t42, = 06 s

Preliminary Selection: RH - 14D - 3002

Determination of the acceleration torque T,

2m  (0.15kgm? + 0.0816 kgm?) - 20 rpm _ 9.85 Nm

Acceleration Torque T; = 9.85 Nm < Maximum Output Torque of the actuator T,, = 20 Nm

Determination of the average torque T, with:
T, = 9.85Nm
T, = T.=5Nm
(9.85Nm)?2- 0.1 s+ (5Nm)?-0.2s + (0.15Nm)?- 0.1 s T; = 5Nm-(9.85Nm-5Nm)=0.15Nm

T, = =383Nm °
A T 01s+02s+01s+0.6s

Average Torque T, = 3.83 Nm < Rated Torque of the actuator Ty = 5.9 Nm

‘ Selected servo actuator: RH - 14D - 3002

‘ Selection of the necessary encoder resolution (length between actuator and control unit = 10 m)

‘ Position Control required Speed Control required
Encoder Resolution with: R = 100 Encoder Resolution with: R = 50
6 = 1arcmin Nmin = 0.5 rpm
21600 r=4 60 - 100 f, = 100Hz
> ——— = 27 >3 ———F—— =1
=3 "1"00 -4 O ppr =3 "5 .50-4 80 ppr

The distance between the actuator and the control unit is less than 10 m. Therefore a line driver output is recom-
mended (AL-Type).

Selection:
The above procedure leads to the following selection
Actuator RH - 14D - 3002 - EO50AL
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Technical Data

Rating: Continuous Vibration: 259 (5...400 Hz)
Excitation device: RE Permanent magnet Shock: <309 (11 ms)
Insulation: Class B Congtrut_::tion: Totally enclosed
Insulation voltage: AC 500V, one minute kubgl_cattl?n: . greigeéSK-Z)
| 3 : . mbient temperature: ~ A
nsulation resistance 100MQ or more (DC 500V Megger) Ambient humidity: 20 ~ 80% (non condensing)
. Actuator| | RH-5A RH-8D RH-11D RH-14D | lable2
5502 6006 3006 6001 3001 6002 3002
Rated Output Power " W 1.7 8.6 6.2 136 123 ||203 185 Additional information
Rated Voltage " v 12 24 24 24 24 4 24 * Actuator specifications show
Rated Current ) A 0.5 1.0 08 13 1.3 18 18 output characteristics, including
Rated Output Torque " Ty | |in-Ib 26 12 17 19 34 28 52 gear efficiency.
Nm 0.29 1.4 20 2o 3.9 32 59 * All specifications are applicable
Rated Output Speed Dny rom 55 60 30 60 30 60 30 for actuator; mounted on qluml-
. num heat sink of the following
Max. Continuous Stall in-Ib 3.5 13 20 22 39 48 69 sizes:
Torque 12 Nm 0.39 15 2.3 2.5 4.4 54 7.8 RH-5: 100 x 100 x 3 mm,
Peak Current 12 A 0.78 1.6 1.1 24 241 5.4 41 RH-8, 11, 14: 150 x 150 x 6 mm.
Maximum Output Torque 2T, | |in-Ib 5.2 24 31 43 69 122 174
Nm 0.59 2.7 3.5 49 7.8 14 20
Maximum Output Speed ") | |rpm 110 100 50 100 50 100 50
Torque Constant in-lb/A 10 19 37 22 43 26 51
Nm/A 1.11 210 420 246 491 292 576
Voltage Constant (B.E.M.F))| | V/rpom 0.12 022 044 | 026 0.50 0.30 0.60
Inertia at Output Shaft ¥ imb-sec® | 0014 |]0.033 013 ||0.095 038 |[|0.18 0.72
kgrexie| | 1.6 3.7 15.0 11.0 43.0 21.6 81.6
Mechanical Time Constant | | msec 13.3 8.5 8.5 8.5 8.5 7.0 7.0
Torque-Speed Gradient infofpmy| | 0.14 042 1.6 1.2 4.6 2.9 11
Nm/pm| | 16102 | |4.7102 1.810"| |1.410" 52107 |3210" 1.2
Viscous Damping Constant | | indb/fpmj | 0.20 0.086 0.27 ||0.16 062 ||0.31 13
Nmipm| | 23-10% | [9.710% 3.1-10?| |1.810% 1.7-102| | 35102 1.510"
Rated Power Rate ") kW/sec|| 0.055 ||0.51 026 ||043 036 ||0.51 042
Thermal Time Constant " min 5.2 9 9 10 10 11 11
. Please Note:
1) o :
Thermal Resistance C/W 1.4 42 42 33 33 = |28 ) The values are for saturated
Gear Ratio 1R 80 50 100 50 100 50 100 actuator temperature. Other values
Maximum Radial Load ® || Ib 13 44 44 ||55 55 ||88 88 (not marked with 1) are for actuator
temperature of 20°C.
N 59 196 196 245 245 392 392
. i 2The values given represent an
Maximum Axial Load Io 7 22 22 44 44 88 88 upper limit and actual load values
N 29 98 98 196 196 392 392 should be lower.
Motor Rated Output 19 w (2.6) (10)  (10) ||(@0) (20) ||(30) (30) 3 The tabulated value is the
; moment of inertia reflected to the
Motor Rated Speed " rpm 4500 3000 3000 {[{3000 3000 ||3000 3000 output shaft resulting from the sum
Armature Resistance Q 8.6 10 10 4.7 4.7 2.7 2.7 of the motor inertia and the gear
Armature Inductance mH 27 22 22 16 1.6 1.1 1.1 inertia.
Electrical Time Constant || ms 031 |/022 022 |[034 034 |/041 041 ¥ Values are for rated output speed.
Starting Current A 013 |/024 024 ({031 031 ||043 043 ¥ Values are for reference only.
No-Load Running Current® | | A 024 |038 036 ||061 055 ||0.89 091 ® Cantilevered load applied at the
midpoint of the shaft extension.
Actuator Accuracy arc-min| | 4.5 25 20 20
Actuator Repeatability arc-sec| | 90 +60 +60 +60
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Performance Curves
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Duty Cycle Characteristics

When an actuator is repeatedly operated above the rated torque and speed for periods of 0.1 minute or more, the
minimum idle time required to prevent damage from overheating can be calculated from the graphs on this page once
the load factor and the duty factor have been established.

Calculation example: RH-14D-6002 actuator

For a given load factor of 150% and duty

Load factor < 22d torque [%] factor of 30% a permissible operating time
Rated torque t. = 4 minutes can be read from the curve.

For a duty factor of 30% this means that an
idle time t; = 9.3 minutes is required between

t A .
Duty factor = ——— -100[%] | 5 operations.
tr + tf 5
(Df) 8 )
. © r
[Equation 5] g - 100 %= 30%
tr + tf
t. = operating time
t; = idle time
> | 4= g2 .4 = 9.3minut
Tmet (=—— -tr=— -4 = 9.3 minutes
|ty ]ty ] Df 3
Loading Curves
RH-5A RH-8D -XX02 RH-8D-XX06
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Motor

Polarity
The output shaft rotation is clockwise (when viewed from the output hit
shaft of the actuator), when the voltage applied to the white motor lead e o2
is positive with respect to the black lead. @ D
Motor Lead Wires Table 3

Actuator

\ length (m) I csarea(mm) |

RH-5A 0.3 0.08 white +

RH-8D 0.6 0.4

RH-11D 0.6 0.4

RH-14D 0.6 0.4 @ D
Tach-Generator izl =

For the Mini Series RH-8D, RH-11D and RH-14D, a DC tach- genera-

Polarity

When the rotation is clockwise viewed from

tor is available as an option. The specification of the tach- generator is > 20 > )
the output shaft, white is positive, and red is

given in the table below.

Moment of Inertia?

Breakdown voltage
Weight

1.2x10°

0.08 kg

AC 500 V /1 minute

Please note:

) This value refers to the tach-generator only.
2) This value is referred to the motor shaft. For the moment of inertia referred to the actuator output

shaft multiply this value by the square of the reduction ratio.

Tach-Generator Lead Wires

heat resistant vinyl wire (0.4 mm?)

Table 5
\ Wire |
Actuator
\ length (m) Il cs.areamm?) |
RH-8D 0.6 0.4
RH-11D 0.6 0.4
RH-14D 0.6 04

negative.

Table 4
Output voltage 3V = 10% /1000 rpm
Ripple (RMS)" 1% (200~5000 rpm
Rigzle Epeak)to peak)? 3% 2200~5000 rgm; Testing Circuit for Output Voltage, Linearity
Linearity" 1% (200~5000 rpm) and Ripple:
Direction deviation 1% (200~5000 rpm)
Temperature coefficient < 0.02%/°C %ﬂ

Armature resistance 45Q =+ 10% (at 20 °C) s 0.1 F
Armature inductance 7mH + 20%

Maximum rotation speed 5000 rpm

Friction torque < 4x10° Nm

Minimum load resistance 10 kQ

Insulation resistance 100 MQ(DC 500 V Megger)




Encoder

Table 6
\ Type I RH-5A 1 RH-8D, RH-11D, RH-14D |
Output Circuit Open Collector Line Driver Open Collector Line Driver
AO AL DO AL BL
Power Supply? VDC +5 +5% +4.75 ~+12.6 +5 £5% +7~+12.6
mA 60 max. 170 max. 60 max. 170 max.
Output Voltage Vo, Vor v 0.5max.,— 05max., 25in. 0.5 max., — 0.5 max., 2.5 min.
Max. Response Frequency kHz 125 125
Resolution" P/rev 200 500 200 360 500 1000 200 360 500 1000
Output Signal ABZ AABBZZ ABZ AA /BB ZZ
Max. Voltage V¢ VDC 36 - 36 -
Max. Current lo, A 20 max. 20 max. 20 max.
Moment of Inertia® kgm? 2x10° 3x10% 3x10%
Lead Wire mm @3 x 300L @0.08/7 Strand || @4 x 600L @ 0.12/7 Strand || @4 x 600L @ 0.12/7 Strand
Please note:

) Resolution of encoder only. Resolution at the output of the actuator is equal to the encoder resolution multiplied by the reduction ratio.
212V DC is recommended in case of cable length longer than 10 m (5 V for AL-type, 12 V for BL-type).

3 Moment of inertia referred to the motor shaft.

RH-5A Open Collector AO

@ Output Circuit
VCC

Encoder Side ].
: R

--------- ----* Qutput Signal

COM Voe=+5V~i2V
B loo =20mA Max.

RH-8D /11D /14D Line Driver

® Output Circuit

Encoder side

P, |
v T " | v
e e [

Shield or common ground
RT 1500 (terminator resistance)
iC: Am26L.S32 {or equivalent)

RH-8D /11D /14D Open Collector DO

® Output Circuit

Encoder Side ]_

= QOutput Signal

Vee=+5V~12v
loy =20mA Max.

T
II :Ji_
Signai A AT
O I
Signal B o2 |2 L&) |4
____‘, [_______
Signat Z ‘ e

CW FACING MOUNTING END

@ Output Wave Form

b . —]
A Signal 1 B R
ignalf Py S| R
ot

KSignal[ T3 L g

B Signal i ) I

B Signal Th g L

a b c d

ZSigral {11

ZSignaIle g
e
CW facing mounting end ~

@® Output Wave Form

A Signal /T

B Signatl

Z Signal

T = Average cycle
ab.cd=025T+-0.1
e =05T+/-0.1

AT< 01T

T = Average cycle

ab,cd=0.25T+0 1T

e =0.5T+0.1T

AT < 01T

Z Signal is synchronized with A Signa!

CW facing mounting end
#

T = Average cycle

ab,cd=0.25T+0 1T

e =0.5T+0.1T

AT < Q1T

Z Signal is synchronized with A Signa!
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Encoder Wiring

Table 7

| RH-5A/8D/11D/14D" | |

Line Driver AL/BL

Open Collector AO |

Open Collector DO

Brown A Signal A Signal Output A Signal Output
Blue A Signal NA A Signal Common
Red B Signal B Signal Output B Signal Output
Green B Signal NA A Signal Common
Yellow Z Signal Z Signal Output Z Signal Output
Orange Z Signal NA A Signal Common
White Power Supply Power Supply Power Supply
Black Common Common Common
Shield Floating Floating Floating
" Please Note: If the option tach-generator is used in combination with an encoder the wiring of the encoder may vary from the above table.
Encoder Resolutions Table 8
‘ Sema e | Since the encoder is connected to the motor
Actuator side, the resolution is calculated at the
‘ 100 ” 200 ” 300 ” 360 ” 500 ” 720 ”1000| actuator output shaft as shown below. For
RH-5A —_ o _ ° o _ _ example, when the reduction ratio is 1:100,
RH-8D/11D/14D — 0 = fo) 0 — ° and the resolution of an encoder is 1000,
. . . . the resolution at the output shaft becomes
@ = Standard O =Available (special option — not available
(special option) 1000 x 100 = 100000.
Tach and Encoder Configurations Table 9
Actuator Tach AO DO AL BL
RH-5A no (] — ([ ] —
RH-8D/11D/14D no — [ ] [ J [}
RH-8D/11D/14D yes — (0] (0] -
® = Standard — not available O =Option
Encoder Lead Wires Table 10
Actuator Tach Open Collector AO Open Collector DO Line Driver AL Line Driver BL
Length (mm) Diameter || |Length (mm) Diameter| |Length (mm) Diameter| |Length (mm) Diameter
RH-5A no 300 4 - - 600 4 — -
RH-8D/11D/14D no = = 600 4 600 4 600 4
RH-8D/11D/14D yes 600 4 - = 600 5 - =
Weights
kg Table 11
Actuator Gearbox and Motor Including Tach Including Encoder Including Tach and
Encoder
RH-5A 0.07 - 0.09
RH-8D 0.27 0.35 0.31 0.39
RH-11D 0.47 0.55 0.51 0.59
RH-14D 0.74 0.82 0.78 0.86
The following table provides the geometric tolerances for the output shaft.
mm Table 12
Actuator Concentricity O Perpendicularity L Run-out »
a b (o} L - _
RH- 5A 0.04 0.04 0.02
RH- 8D 0.04 0.04 0.02
RH-11D 0.04 0.04 0.02 L lolA
RH-14D 0.04 0.04 0.02




Dimensions
mm

RH-5A-XX02 Actuator Only

MOTOR LEADS
(L=300mm 0.08mm *

Sectional Drawing

RH-5A-XX02-E050A0 With 500 PPR Encoder

MOTOR LEADS

(L=300mm 0.08mm%)

ENCODER LEADS

2-ML6X 3 MIN
3-M2 P=04
RO.2 MAX NP~
Ef =2 RO.4
[Ns)
B =—t e —-
= ip]
§ S 0.3/
= co2f |
LS\ g-ML.4xe.05
9 1 25
10 |y 44 9.2 |43 115
Oy
= [ . = | u
1.6 6 80
012
Sectional Drowing
RH-5A-XX02-E036A0 With 360 PPR Encoder VTR LEARS ENCODER LEADS
(L=300mm 0.08mm (L=300mm 0.08mm°)
3-M2 P=0.4
R0.2 MAX NP~ %
Dé -3 RO4 &)
I s L SN M
e 1 | - 5 Ok - - - -
= Ig] Ip]
©F S 03/ &)
= 0.2
9 : 21
N 0 |y 44 52
N e
N I — N — -
w6 | 89
0.2

Sectional Drawing

3-Mp P=04
RO2 MAX NP~
gf =2 R0.4
Ns)
g2 ==l & - -
= ip] Ip]
@y ® 03/ &)
= 0.2
g 1 2l
N 0 | 44 92
& —
s ) 11 56.4 23
w6 | 90.4
0.2

Please Note:Valid for encoder types AO, DO and AL. Please add 9 mm for the BL-type encoder.
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RH-8D-XX06 Actuator Only

MOTOR LEADS
(L=600mm 0.4mm

-0005

H
~
@)

0

‘ ‘e
_8|  Ro2 MAX S FD . O
) D% 2750‘3% &l - =
2| w - T ©
a2l RS jg = - = —
SR Cos
: ; + |
18 314 ‘
1.8 '
20 ¥ 68.2 1.5 ||12.5
218 80.7 14
116.5

RH-8D-XX06-T With Tach-Generator

MOTOR LEADS TACH LEADS

T =600mm 04mm) n‘ /(L=600mm 0.4mm™> r
3-M3X6 ‘ . o
[ L]

175
N.P — |
| /% -2 RO2 MAX S 7 NF. m’
fa CO3N [ - §
V| I
s o) O f(@ =y B 112 T
] o Sl cos”) i dor 29
AL = —
: |
/.0
18 18 14
20 _|Y 682 | 335
°l8 110.7
132.5
RH-8D-XX06-E With Encoder
MOTOR LEADS ENCODER LEADS

(L=600mm 0.4mm*)

D§ R0.2 MAX M
Few RN &l
Gl e [ ; B B _
Y A ——
® 0.5
5 ] +
18 13
20 ¥ 682
cl8 106
129

Please Note:Valid for encoder types AO, DO and AL. Please add 9 mm for the BL-type encoder.
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RH-11D-XX01 Actuator Only

MOTOR LEADS

(L=600mm 0.4mm*®)
179
NP~ r

5-M2.5X5

-0.005

0
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RH-11D-XX01-T With Tach-Generator
TACH LEADS
(LL/EUTOE\Sﬂ [\;E?Ei ‘ (L=600mm 0.4mm?>
‘ \j W 12
. 17.5 |
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. \Dw c0.5 (= =S
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o ™
955 =ir—— 1181 °
(I 05 ~
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==
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154.2
RH-11D-XX01-E With Encoder
MOTOR LEADS
(L=600mm 0.4mm*> ENEODER LEADE
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2| __R02 MAX NP~ ]
. 05 @
AR @]
SEEE - - 184
8| «| Siegs S 14
o &
=
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20 014
22 57.2 295 |
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1505




RH-14D-XX02 Actuator Only

MOTOR LEADS

S5-M25X5
&

-0005

0

RH-14D-XX02 With Tach-generator

4-M5X10

RH-14D-XX02-E With Encoder

4-M5X10

L=600nm 0.4mn )
175
NP~ = I
RO2 MAX 3
COSN & ] ; z 2
al = S 1
= = ~ o
g~ © H fos) =
3% =l - - - - 1 + -8 L — ==
B 8| Y i 2
als L | _ | U
& == !
\
23 | ot
25 B3 695 44 ‘ 191122
28 122 14
164
MOTOR LEADS Tl ILEADS
(L=600nm 0.4mm2) ﬁ‘ / (L=600mm 0.4mm®> 12
NP~ i [l
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22|k = &1 g
Sl c05” i .
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s ¢ ]
\
23 14
25 3 655 44 | 335
28 152
180
s
NP ~
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7 COSN| { J +
k) =f DE i @
1 = | I
S| 8| Y57 o
sl& L
£
23
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176




Qrderna codes

Servo Actuators
For RH-5A/RH-8D: Code represents the
Series: Size: Rated output speed: rated output power [W]
RH - with output shaft 5A, 8D, 11D, 14D 60: 60 rpm For RH-11D/RH-14D: Code represents
30: 30 rpm one tenth of the rated output power [W]

e

- 8D - 6006 - TEOS0AL -

A

Tach-Generator (Option) Encoder (Option) Resolution: AL  Line Driver 5V Specifications
[I: No Tach-Generator Option E020 = 200 P/rev BL : Line Driver 12V according to
T : Tach-Generator Option E036 = 360 P/rev AO: Open Collector 5V customer
(8V /1000 rpm) E050 = 500 P/rev DO: Open Collector 5 ~ 12V requirements.
E100 = 1000 P/rev

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, OMMISIONS 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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Harmonic Drive LLC

247 Lynnfield Street
Peabody, MA 01960

800-921-3332
F: 978-532-9406
www.HarmonicDrive.net

Worldwide Locations:

Harmonic Drive Systems, Inc.
Minamiohi 6-25-3, Shinagawa-ku
Tokyo 140, Japan

Harmonic Drive AG
Hoenbergstr, 14
Limburg/Lahn, D-65555 Germany

Harmonic Drive is a trademark of Harmonic Drive LLC.
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