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SAFETY GUIDE

For actuators, motors, control units and drivers

manufactured by Harmonic Drive LLC
Read this manual thoroughly before designing the application, installation, maintenance or inspection of the actuator.

AN\

WARNING

Indicates a  potentially  hazardous
situation, which, if not avoided, could
result in death or serious personal injury.

/N

Indicates a potentially hazardous situation, which, if
not avoided, may result in minor or moderate personal
CAUTION injury and/or damage to the equipment.

LIMITATION OF APPLICATIONS:

*
*
*
*
*

Space equipment

Aircraft, aeronautic equipment *
Nuclear equipment x
Household apparatus x
Vacuum equipment *

The equipment listed in this document may not be used for the applications listed below:

* Automobile, automotive parts
Amusement equipment, sport equipment, game machines
Machine or devices acting directly on the human body
Instruments or devices to transport or carry people
Apparatus or devices used in special environments

If the above list includes your intending application for our products, please consult us.

Safety measures are essential to prevent accidents resulting in death, injury or damage of the equipment due to
malfunction or faulty operation.

CAUTIONS FOR ACTUATORS AT APPLICATION DESIGNING

>

CAUTIONI
1

Always use under followings conditions:
-Ambient temperature: 0°C to 40°C

-Ambient humidity: 20% to 80%RH (Non-condensation)
-Vibration: Max 24.5 m/S?

-No contamination by water, oil

-No corrosive or explosive gas

CAUTION

Follow exactly the instructions in the relating
manuals to install the actuator in the equipment.
-Ensure exact alignment of actuator shaft center and
corresponding center in the application.

Failure to observe this caution may lead to vibration,
resulting in damage of output elements.

CAUTION FOR ACTUATORS IN OPERATIONS

>

CAUTION

Keep limited torques of the actuator.

-Keep limited torques of the actuator.

-Be aware, that if arms attached to output element hits
by accident an solid, the output element may be

P

Never connect cables directly to a power supply
socket.

-Each actuator must be operated with a proper driver.
-Failure to observe this caution may lead to injury, fire or

>

WARNING

®

uncontrollable. ARNING ' damage of the actuator.
Do not apply impacts and shocks Avoid handling of actuators by cables.
-Do not use a hammer during installation -Failure to observe this caution may damage the wiring,
-Failure to observe this caution could damage the ; ;
; causing uncontrollable or faulty operation.
encoder and may cause uncontrollable operation. ARNING, 9 ty op

CAUTIONS FOR DRIVERS AT APPLICATION DESIGNING

>

Always use drivers under followings conditions:
-Mount in a vertical position keeping sufficient distance
to other devices to let heat generated by the driver
radiate freely.

-Ambient temperature: 0°C to 50°C

Use sufficient noise suppressing means and safe
grounding.

-Keep signal and power leads separated.

-Keep leads as short as possible.

1
1
1
1
1 - . . L
CAUTION ; P CAUTION; -Ground actuator and driver at one single point, minimum
, “Ambient humidity: less than 95% RH (Non | ground resistance class: D (less than 100 ohms)
, condensation) ) . 1 -Do not use a power line filter in the motor circuit.
, -No contamination by water, oil or foreign matters .
, -No corrosive, inflammable or explosive gas L
1 Pay attention to negative torque by inverse load. 1 Use a fast-response type ground-fault detector
I —Inverse load may cause damages of drivers. I designed for PWM inverters.
I -Please consult our sales office, if you intent to apply I -Do not use a time-delay-type ground-fault detector.
CAUTION! products for inverse load. CAUTION !
CAUTION FOR DRIVERS IN OPERATIONS
: Never change wiring while power is active. : Do not touch terminals or inspect products at least
, “Make sure of power non-active before servicing the 1 5 minutes after turning OFF power.
1 P’OC:UCIS- b h | | | -Otherwise residual electric charges may result in
-Failure to observe this caution may result in electric lectric shock.
WARNING' e WARNING! electric shock.
| shock or personal injury. I -Make installation of products not easy to touch their
1 I inner electric components.
: Do not make a voltage resistance test. : Do not operate control units by means of power
. -Failure to observe this caution may result in damage of . ON/OFF switching.
, the control unit. , -Start/stop operation should be performed via input
-Please consult our sales office, if you intent to make a signals
| ' CAUTION! Signals.
CAUT|ON| voltage resistance test. | Failure to observe this caution may result in deterioration
1 1 of electronic parts.

DISPOSAL OF AN ACTUATOR, A MOTOR, A CONTROL UNIT AND/OR THEIR PARTS

1
CAUTION |

. All products or parts have to be disposed of as industrial waste.
1 -Since the case or the box of drivers have a material indication, classify parts and dispose them separately.
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Chapter 1 Overview of the FHA-C mini series

Chapter 1 Overview of the FHA-C mini series

FHA-C mini series servo actuators provide high torque and highly accurate rotary motion. The actuator
is composed of a Harmonic Drive® component from set (size 8 - 14) for precise motion control and a
super-flat AC servomotor.

The first feature of the FHA-C mini series actuators is their unprecedented super-flat shape. The body
width is less than half of our previous models. The second feature is a through-hole in the center of the
shaft, through which electric cables, air pipes, and even laser beams can be passed to supply power
and signals to moving parts.

The HA-800 series and the HA-680 series are dedicated servo drivers for the FHA-C mini series actuator
to control its position and speed. The small and intelligent driver controls the FHA-C mini series actuators
with great accuracy and reliability.

FHA-C mini series actuators play an important role for driving various factory automation (FA)
equipment; such as robot joints, alignment mechanisms for semiconductor and LCD equipment, ATC of
machine tools, printing machine roller, etc.

1-1 Features

€ Super-flat configuration

FHA-C mini series actuator is the union of Harmonic Drive® gearing with a super-flat AC servomotor for
precise motion control. The compact size allows smaller machines to be designed.

€ Hollow Shaft*

The center through-hole shaft allows for the insertion of electric cables, air pipes, or laser beams through
the actuator to supply power and signals to moving parts. This feature will simplify the driven machine.

€ High torque

FHA-C mini series actuator outputs have a much higher torque per volume than direct drive motors
thanks to Harmonic Drive® gearing. Furthermore, FHA-C mini series actuators have a higher rating than
our previous models.

€ High positioning accuracy

FHA-C mini series actuators provide superior positioning accuracy. They achieve positioning accuracy
of 90 arc seconds (typically, FHA-14C-100) as well as an encoder resolution of 800,000 pulses per
output revolution.

€ High torsion stiffness

FHA-C mini series actuators provide great torsion stiffness featuring shortens positioning time and
decreases the vibration during servo-lock stop.

€ Incremental, Absolute or Dual Absolute encoders

An incremental or multi-turn absolute encoder is integrated to provide high resolution velocity and
position feedback

*Incremental encoder only.

FHA-C mini 4



Chapter 1 Overview of the FHA-C mini series

1-2 Ordering Code

M Ordering Code (with Incremental Encoder)

1 2 3 4 5 6 7 8 9

1 Model FHA-C Mini Series
2 Size 8,11, 14
3 Design Version (o}
4 Gear Ratio 30, 50, 100
. US200 — Incremental Encoder with 14 wire 2000p/rev
) Encoder Type and Resolution E200 — Incremental Encoder with 4 wire serial 2000p/rev
Blank — Leads without connector
6 Connector (leads only) C — Leads with connector for extension cable
Blank — 100VAC or 200VAC
7 Power Supply E — 24VDC
Blank — Side exit leads, right (of output side)
Leads K — Rear exit leads
Cable M1 -1M Length Cable (motor & encoder)
8 Options KM1 — Rear Exit 1M Length Cable (motor & encoder)
PM1 - Panel Mount Connectors, rear exit NEW!
Panel Mount PM2 - Panel Mount Connectors, right exit :
PM3 — Panel Mount Connectors, left exit
PM4 — Panel Mount Connectors, top exit
; - : Blank — Standard Product
g SpecialiSpecification SP — Special Specification Code

M Ordering Code (with Absolute Encoder or Dual Absolute Encoder)

1 2 3 4 5 6 7 8

Model

FHA-C Mini Series

Size

8, 11,14

Design Version

(o]

F N IO BN

Gear Ratio

30, 50, 100

Encoder Type and Resolution

12S17b - Single Absolute Encoder, Nikon A
Single Turn (17 bit) & Multi-Turn (16 bit)

SB14bSB14b - Dual Absolute Encoders, BiSS-C, bi-directional '
Motor Input Encoder (14 bit) & Gear Output Encoder (14 bity ~ NEW!

Power Supply

A- 100VAC (12S17b - Single Absolute Encoder)
G - 200VAC (12S17b - Single Absolute Encoder)
E - 24VDC

Blank - 100VAC or 200VAC (SB14bSB14b - Dual Absolute Encoder)

Options

Leads* Blank — Leads without connector
C — Leads with connector for extension cable

Cable* M1 — 1M Length Cable (motor & encoder)

PM1 — Panel Mount Connectors, rear exit

PM2 — Panel Mount Connectors, right exit NEW!
PM3 — Panel Mount Connectors, left exit -
PM4 — Panel Mount Connectors, top exit

Panel Mount

8

Special Specification

Blank — Standard Product
SP — Special Specification Code

* only available with single absolute encoder.

FHA-C mini



Chapter 1 Overview of the FHA-C mini series

1-3 Compatible Servo Drives

Recommended Drivers
Encoder Actuators Input
Type Size Voltage
General/ Ether CAT General I/0
CANopen
8 11 14 200VAC RTL-230-18 REL-230-18 | HA-800-1-200
T 100VAC RTL-230-18 REL-230-18 | HA-800-1-100
BPL-090-06
8 24VDC DDP-090-09, BEL-090-06
DCJ-055-09
Incremental HA-680-4-24
BPL-090-14
11 24VDC DDP-090-18, BEL-090-14
DCJ-055-18
BPL-090-30
14 24VDC DDP-090-36 BEL-090-30 HA-680-6-24
8,11,14 200/100VAC - REL-230-18
8 24VDC BPL-090-06 BEL-090-06
Absolute -
11 24VDC BPL-090-14 BEL-090-14
14 24VDC BPL-090-30 BEL-090-30
8 24VDC BPL-090-06 BEL-090-06
Dual Absolute 11 24VDC BPL-090-14 BEL-090-14 -
14 24VDC BPL-090-30 BEL-090-30

HA-800 & HA-680 are available for MECHATROLINK-II & CC-Link

FHA-C mini
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O ——
1-4 Specifications of FHA-C mini actuators
1-4-1 Supply voltage 100VAC/200VAC
Specifications of FHA-C mini series actuators are as follows:
Model FHA-8C FHA-11C FHA-14C
Item 30 50 100 30 50 100 30 50 100
Max. & N-m 1.8 3.3 4.8 4.5 8.3 11 9.0 18 28
ax. torque Note 2 kgf-m 018 | 034 | 049 | 046 | 085 | 11 092 | 18 2.9
Maximum speed rpm 200 120 60 200 120 60 200 120 60
N 3.9 6.7 14 3.8 6.6 13 4.2 7.2 15
m/A(rms)
Torque constant Kaf-m/A
gi'm 040 | 068 | 14 | 039 | 067 | 14 | 043 | 074 | 15
(rms)
Max. current Note 2 A(rms) 0.61 0.64 0.48 1.5 1.6 1.1 2.9 3.2 24
Power supply voltage \Y AC200 or AC100 AC200 or AC100 AC200 or AC100
EMF constant Vipm) | 048 | 080 | 16 | 048 | 080 | 16 | 052 | 086 | 1.70
Phase resistance Q(20°C) 14 3.7 1.4
Phase inductance mH 5.8 3.4 1.8
Number of poles 10 10 10
Moment Incremental kg-m? 0.0026 | 0.0074 | 0.029 | 0.0060 | 0.017 | 0.067 | 0.018 | 0.050 | 0.200
f Inerti
?65‘24)'3 Absolute kg-m? | 0.0026 | 0.0073 | 0.029 | 0.0062| 0.17 | 0.069 | 0.019 | 0.054 | 0.215
Reduction ratio 1:30 1:50 1:100 1:30 1:50 1:100 1:30 1:50 1:100
Allowable N-m 15 40 75
torsional moment kgf-m 1.5 4.1 77
Moment stiffness N-m/rad 2x10* 4x10* 8x10*
kgf-m/rad 0.2 x 10* 0.4 x 10* 0.8 x 10*
Motor Incremental 2000 pulse/revolution
encoder Absolute Multi-turn 16 bit (65536 revolution), Single (motor) turn 17 bit (131072 pulse/revolution)
Quad encoder- | Incremental Counts/rev_| 240000 | 400000 | 800000 | 240000 | 400000 | 800000 | 240000 | 400000 | 800000
resolution Note 4
Absolute Counts/rev | 3,932,160 | 6,553,600 | 13,107,200 3,932,160 | 6,553,600 | 13,107,200 3,932,160 | 6,533,600 | 13,107,200
Note 4
One-wav positionin Arc sec 150 120 120 120 90 90 120 90 90
accuracy P 9 Compensated The accuracies are improved 30% of the above values at no disturbances by
y P the compensating function of HA-800 driver Note 5
M Incremental kg 0.40 0.62 1.2
ass Absolute kg 0.50 0.75 13
Enclosure Totally enclosed, self-cooling (equivalent to P44, Note 6)
Environmental conditions Service / storage temperature: 0~40°C /-20~60°C
Service / storage humidity: 20~80%RH (no condensation)
Vibration / impact resistance: 25m/s? (frequency:10-400Hz) / 300 m/s?
No dust, no metal powder, no corrosive gas, no inflammable gas, no oil mist; install
in room, no direct sunlight
Altitude: less than1, 000 meters above sea level
Magnetic noise resistance: 0.01 telsa (ABS)
Motor insulation Insulation resistance: 100M Q or more (by DC500V insulation tester)
Withstanding voltage: AC1500V / 1 minute
Insulation class: B
Safety standard Compliant with the CE marking
Orientation All position

Note 1: The table shows typical output values of actuators.

Note 2: Values for saturated temperature under the conditions that the actuator is driven by an appropriate driver.
Note 3: All values are typical.

Note 4: Quad encoder resolutions are obtained by [motor encoder resolution] x 4 x [reduction ratio]

Note 5: Refer to the HA-800 manual for details.

Note 6: All parts, except the rotary sliding parts (oil seal) and connectors, are protected against solid bodies of
superior dimensions to 1Tmm, and against the water sprays.

FHA-C mini 7
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-_—

-4-2 Supply voltage

24VDC

Size FHA-8C FHA-11C FHA-14C
Item 30 50 100 30 50 100 30 50 100
Maximum torque (Note)2 Nm 1.8 3.3 4.8 4.5 8.3 11 9.0 18 28
Maximum speed rpm 200 120 60 200 120 60 200 120 60
Torque constant Nm/A 0.8 1.3 27 0.8 1.3 2.6 0.8 1.4 29
Maximum current Net)2 ALl 3.0 3.3 24 7.8 8.2 5.6 14.8 16.4 12.3
Allowable continuous current et 2 A, 1.6 1.7 1.3 3.7 35 2.8 6 5.4 4.4
Power supply voltage \ 24VDC
EMF constant V/(rpm) 0.10 0.16 0.32 0.09 0.15 0.31 0.10 0.17 0.34
Phase resistance Q(20°C) 0.54 0.19 0.07
Phase inductance mH 0.22 0.11 0.06
Number of poles 10
INC GD%4 kgm? 0.0026 0.0074 0.029 0.0060 0.017 0.067 0.018 0.050 0.20
Moment of inertia ABS GD%4 kgm? 0.0026 0.0073 0.029 0.0062 0.017 0.069 0.019 0.054 0.215
(Note) 3
ﬁ;asl GD%4 kgm? 0.0036 0.0100 0.0399 0.007 0.019 0.077 0.019 0.052 0.206
Allowable moment load Nm 15 40 75
Moment Stiffness Nm/rad 2x10* 4 x10* 8 x 10*
INC 240,000 400,000 800,000 240,000 400,000 800,000 240,000 400,000 800,000
Output shaft resolution Single ABS 3,932,160 | 6,553,600 (13,107,200 | 3,932,160 | 6,553,600 | 13,107,200 | 3,932,160 | 6,553,600 | 13,107,200
. counts/rev
S Dual ABS Motor 491,520 819,200 1,638,400 | 491,520 819,200 1,638,400 | 491,520 819,200 1,638,400
Dual ABS Output 16,384 16,384 16,384 16,384 16,384 16,384 16,384 16,384 16,384
One-way positioning arc sec 150 120 120 120 90 90 120 90 90
accuracy
Input power supply voltage Vv 24VDC
e 0.40 0.62 12
Mass ABS kg 0.50 0.75 1.3
Dual
ABS 0.40 0.62 1.2
Enclosure Totally enclosed self-cooled (IP44)
Use p ire: 0 to 40°C, ge temperature: -20 to +60°C, Use humidity and storage humidity: 20 to 80%RH (non-condensing)
Ambient environment specification Free from dust, dirt, metallic powder, corrosive gas, flammable gas, oil mist, and others. Avoid outdoor use or direct sunlight.
Altitude: 1,000 m or less. Motor insulation: 100 MQ (500 VDC) or higher. Dielectric strength: 1500 VAC1 min. Insulation class: B
Mounting direction Can be installed in any direction
Incremental oo DCJ-055-09, DDP-090-09 | DCJ-055-18, DDP-090-18 DDP-090-36
Servo drive (14 wire) HA-680-4-24 HA-680-6-24
Dual ABS 24vDC BEL or BPL-090-06 I BEL or BPL-090-14 BEL or BPL-090-30

Note 1: The table shows typical output values of actuators.

Note 2: Values when using HA-680 drive.

Note 3: All values are typical.
Note 4: Incremental encoder resolutions are obtained by [motor encoder resolution] x 4 x [reduction ratio]. Motor ABS encoder
resolutions are obtained by [motor encoder resolution] x [reduction ratio].
Note 5: Refer to the HA-680 manual for details.
Note 6: All parts, except the rotary sliding parts (oil seal) and C option connectors, are protected against solid bodies of
superior dimensions to 1mm, and against the water sprays. Panel mount connectors are IP68.
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1-5 External dimensions of FHA-C mini actuators

The external drawings are shown as follows:

1-5-1 Actuators with side-exiting cables-standard (Incremental
encoder)
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BFHA-14C-xxx-US200
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1-5-2 Actuators with rear exiting cables-option K (Incremental encoder)
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1-5-3 Actuators with Absolute Encoder
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1-6 Mechanical accuracy of FHA-C mini actuators

The machining accuracy of the output flange and the mounting flange are indicated in the table below.

Machined accuracy of the output flange unit: mm
Z712] [B] AT
Machined parts FHA-8C | FHA-11C| FHA-14C
1. Axial run-out of output flange 0.010 @ilﬂ]_'| t
2. Radial run-out of output flange 0.010
3. Parallelism between output
and mounting flange 0.040
4. Concentricity between output 0.040
flange to fitting face ’
Note: All values are T.I.R. (Total Indicator Reading).
The measuring for the values are as follows:
1. Axial run-out of output flange
The dial indicator (1) on a fixed portion measures the axial (1)
run-out (T.I.R.) of perimeter of output flange for one revolution. #E:E-j
2. Radial run-out of output flange (2) J_ J_

The dial indicator (2) on a fixed portion measures the radial
run-out (T.I.R.) of perimeter of output flange for one revolution.

3. Parallelism between output flange and mounting flange

The dial indicator (3) on the output flange measures the axial ///////////////

run-out (T.I.R.) of each perimeter of both sides of the fixing
flange for one revolution.

(3)

=

4. Concentricity between output flange to fitting face

The dial indicator (4) on the output flange measures the radial i
run-out (T.I.LR.) of each surface of both fitting face (output J_ i
flange and opposite side) for one revolution. i
i
|

i

SIS

FHA-C mini 13
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1-7 One-way positioning accuracy

The one-way positioning accuracy is defined as the maximum
positional difference between thecommanded position and the
actual stop position when a series of positioning moves are per-
formed inthe same rotation direction. (Refer to JIS B-6201-1987).
The FHA mini actuator incorporates a Harmonic Drive gear which
inherently has high rotational position accuracy. Because of the
gearing's high ratio, any rotational error at the input (i.e. motor shaft
position error or motor feedback error) is reduced by a factor of the
ratio (1/ratio) and typically becomes negligibleat the output.
Therefore most of the error is represented by the transmission error
of the Harmonic Drive gear itself.

Positioning error

Commanded stop position

Actual stop position

Datum position

The one-way positioning accuracy is shown in the table below:

Model FHA-8C FHA-11C FHA-14C
ltem -30 -50 -100 -30 -50 -100 -30 -50 -100

One-way positioning arc second| 150 120 120 120 90 90 120 90 90
accuracy

® Angle offset function for a horizontally installed actuator

The drivers for FHA-C mini series actuators (FHA-8C/11C/14C) provide an angle offset function to
improve angular positioning accuracy of a horizontally installed actuator. The function offsets against a
position error by a pre-analyzed positioning error of the Harmonic Drive® components to improve a one-
way positioning accuracy by around 30% better than an accuracy without the angle offset function. For
fluctuant load, test and examine whether the function is effective before applying it.

Refer to the driver manual.

1-8 Encoder resolution

The motors of FHA-C mini actuators are equipped with an incremental encoder of 2000 resolutions.
Because the motor rotation is reduced to 30:1 or 50:1 or 100:1 by the Harmonic Drive® component, the
resolution of the output flange is 30 or 50 or 100 times the encoder revolution. Additionally, the
incremental encoder signal is used in quadrature.

The following high resolutions are obtained:

Incremental encoder

FHA-8C

Model FHA-11C

Item FHA-14C
-30 [ -50 [ -100

Encoder resolution 2,000 (8,000 pulse/rev: quadruplicate)
Reduction ratio 30 50 100
Ut R Pulselrev 240,000 400,000 800,000
(quadruplicate)
Resolvable angle per
pulse (approximate Sec. 5.40 3.24 1.62
value)

Absolute encoder

FHA-8C

Model FHA-11C

Item FHA-14C
-30 | -50 | -100

Encoder resolution 2" (131,072 pulse/rev)
Reduction ratio 30 50 100
Ut Pulselrev 3,932,160 6,553,600 13,107,200
(quadruplicate)
Resolvable angle per
pulse (approximate Sec. Approx. 0.33 Approx. 0.2 Approx. 0.1
value)

FHA-C mini 14
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1-9 Torsional Stiffness of actuators

1-9-1 Moment stiffness

The moment stiffness refers to the torsional stiffness when
a moment load is applied to the output flange of the

actuator (shown in the figure to the right).

For example, when a load is applied to the end of an arm
attached on the output flange, the face of the output flange
tilts in proportion to the moment load. The moment
stiffness is expressed as the torsional moment/angle.

Model FHA-8C FHA-11C FHA-14C
ltem
N-m/rad 2 x 104 4 x10* 8 x10*
Moment stiffness kgf-m/rad 0.2 x 10* 0.4 x 104 0.8 x 10*
kgf-m/arc min 0.59 1.2 2.4
( )
Do not apply torque, load or thrust to Output flange
the sleeve directly.
Since the sleeve is adhered to the output flange, the
CAUTION adhered sleeve may be detached from the output
flange by the abnormal torque or load.
. J
FHA-C mini 15
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1-9-2 Torsional stiffness

When a torque is applied to the output flange of the actuator with the motor locked, the resulting torsional

wind up is near proportional to the torque.

The upper right figure shows the torsional stiffness
characteristics of the output flange applying torque starting
from zero to plus side [+To] and minus side [-To]. This
trajectory is called torque-torsion characteristics which
typically follows a loop 0—A—B—A'—B’—A as illustrated.
The torsional stiffness of the FHA-C mini actuator is
expressed by the slope of the curve that is a spring rate
(wind-up)

(unit: N-m/rad).

The torsional stiffness may be evaluated by dividing torque-
torsion characteristics curve into three major regions. The
spring rate of each region is expressed Ki, K2, and K3
respectively.

Torsion A
Hysteresis
Loss —™ B
—Tu g +T°
B Torque
Al
Torsion

K1: spring rate for torque region 0-T+
K2: spring rate for torque region T1-T2
K3: spring rate for torque region over T2

The wind-up for each region is expressed as follows:

€ wind-up for torque region 0-T1: 61

T

1

T<T4 T_T,
€ wind-up for torque region T1-T2: 62= 61 +
Ti<T<T2 K-
T-T2

4 wind-up for torque region over T2: 3= 02 +
T2o<T

Ks

6 : Wind up

The table below shows T1-T3, K1-K3, and 6 1- 8 2 values of each actuator.

Model FHA-8C FHA-11C FHA-14C
Reduction ratio 1:30 1:50 1:100 1:30 1:50 1:100 1:30 1:50 1:100
T N-m 0.29 0.29 0.29 0.80 0.80 0.80 2.0 2.0 2.0
kgf-m 0.030 | 0.030 | 0.030 | 0.082 | 0.082 | 0.082 0.20 0.20 0.2
x10* N-m/rad 0.034 | 0.044 | 0.091 0.084 0.22 0.27 0.19 0.34 0.47
K1 kgf-m/arc min 0.010 | 0.013 | 0.027 | 0.025 | 0.066 | 0.080 | 0.056 0.10 0.14
6 1 x10* rad 8.5 6.6 3.2 9.5 3.6 3.0 10.5 5.8 4.1
arc min 3.0 2.3 1.1 3.3 1.2 1.0 3.6 2.0 1.4
T N-m 0.75 0.75 0.75 2.0 2.0 2.0 6.9 6.9 6.9
kgf-m 0.077 | 0.077 | 0.077 0.20 0.20 0.20 0.70 0.70 0.7
Ka x10* N-m/rad 0.044 | 0.067 0.10 0.13 0.30 0.34 0.24 0.47 0.61
kgf-m/arc min 0.013 | 0.020 | 0.031 0.037 | 0.090 0.10 0.07 0.14 0.18
62 x10* rad 19 13 8 19 8 6 31 16 12
arc min 6.6 4.7 2.6 6.5 2.6 2.2 10.7 5.6 4.2
Ks x10* N-m/rad 0.054 | 0.084 0.12 0.16 0.32 0.44 0.34 0.57 0.71
kgf-m/arc min 0.016 | 0.025 | 0.036 | 0.047 | 0.096 0.13 0.10 0.17 0.21
The table below shows torque-wind-up relation for reference. (unit: N-m)
Model FHA-8C FHA-11C FHA-14C
Reduction ratio 1:30 1:50 1:100 1:30 1:50 1:100 1:30 1:50 1:100
2 0.20 0.25 0.56 0.49 1.3 1.8 1.1 2.0 3.0
4 0.42 0.63 1.2 1.1 3.3 4.2 2.3 4.7 6.5
6 0.68 1.1 1.9 1.8 5.2 6.8 3.6 7.6 11

FHA-C mini
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1-10 Rotary direction

Forward rotary direction is defined as clockwise (CW) rotation
viewing the output flange of the actuator when a driver signals
forward commands.

The direction can be reversed by the setting of [parameter mode]
—[8: rotary direction] of the driver.

FWD : CW rotation

FWD REV .
Value command command Setting
0 FWD rotation | REV rotation Default
1 REYV rotation | FWD rotation

1-11 Impact resistance

The actuators are resistant to impacts along the radial axes.

. Horizontal
Impact acceleration: 294 m/s? installation
Direction: top/bottom, right/left, front/back
Repeating times: three

However, do not apply impact to the output flange. Impact resistance

1-12 Vibration resistance

The allowable vibration from all directions is as follows:

Vibration acceleration: 24.5 m/s?
(Frequency:10~400Hz)

Horizontal
installation

Vibration resistance

FHA-C mini 17
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1-13 Torque-speed characteristics

The following are actuator speed-torque characteristics in combination with a proper driver of HA-655
and HA-675 showing allowable duty range. Refer chapter 2 [selection guidelines] for using the FHA-C
mini series actuators most suitably.

@ Continuous duty range

The range allows continuous operation for the actuator.

If your application is one-way continuous motion in the
continuous duty range, please contact us.

CAUTION

@ 50% duty range

The range allows the 50% duty time operation of a cycle time. Refer section 2-4-5 [duty cycle].
@ Acceleration and deceleration range

The range allows instantaneous operation like acceleration and deceleration, usually.

The continuous and 50% ranges in each graph are measured on the condition of the FHA-C mini
actuator attached on the heat radiation plate described in the figure.

FHA-C mini 18
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Chapter 1 Overview of the FHA-C mini series

Operating Range

B FHA-8C-30

Input voltage: 100V

Radiation plate: 150x150x6 (mm)

B FHA-8C-50

Input voltage: 100V
Radiation plate: 150x150x6 (mm)

H FHA-8C-100

Input voltage: 100V

Radiation plate: 150x150x6 (mm)
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FHA-11C

HFHA-11C-30 Input voltage: 100V | I@FHA-11C-50 Input voltage: 100V | I@FHA-11C-100 Input voltage: 100V
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1-15 Cable specifications
The following tables show specifications of the cable for the motor and the encoder of the FHA-C mini
actuators.

1-15-1 Incremental Encoder

€ Motor cable

Color Motor lead
Red Motor phase-U
White Motor phase-V
Black Motor phase-W
Greenl/yellow PE

@ Encoder cable

Color Signal Pin No.
Green A 1
Dark Green A 2
Gray B 3
White B 4
Yellow z 5
Clear Va 6
Brown U 7
Purple U 8
Blue V 9
Light Blue V2 10
Orange w 11
Pink W 12
Red +5V (VCC) 14
Black OV (GND) 15
Shield FG 16

FHA-C mini 22
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1-15-2 Absolute Encoder

€ Motor cable

Pin No. Color Motor lead
1 Red Motor phase-U
2 White Motor phase-V
3 Black Motor phase-W
4 Greenl/yellow PE
5 - -
6 - -

Connector model: 350715-1

Pin model: 3506901 (E: 770210-1)
S Manufactured by AMP
(28)
Connector pin layout
€ Encoder cable
Pin No. Color Signal Remarks
1A White Vcce Power supply input +5V
Power supply input OV
1B Black GND (Vcc) (GND)
oA Blue SD+ Serial signal differential
output (+)
B Purple SD- Serial signal differential
P output (-)
3A - No -
connection
3B Shield FG Frame Ground
4A Orange Vbat Battery +
4B Brown GND (bat) Battery — (GND)
(13) Connect model: 1-1903130-4
Pin model: 1903116-2 or 1903117-2
4A 1A  Manufactured by AMP
N
=
4B 1B

Connector pin layout

FHA-C mini
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Chapter 2 Guidelines for sizing
2-1 Allowable load inertia

To achieve high accuracy performance, Inertia (kgmz)
select an FHA-C mini actuator wherein the (kgf+cm-s2)
allowable moment of inertia (reference value) 1 10
is greater than the load inertia. e
. . -100
Refer to appendix 1 for the calculation of FHA1C
moment inertia. 0.1 1 100" FHATC
When selecting an actuator make certain that FRAIC FHA-14C
the load inertia and the nominal speed are 0.01 o4 |.Frasc FHA-11C
less than the allowable values are that ' ' " Frase =0
indicated in the table below. PO FHA-8C
-30
0.001 1 0.01
0 100 200
Nominal speed (r/min)
Actuator model FHA-8C FHA-11C FHA-14C
30 | 50 | 100 | 30 | -50 | 100 | -30 | -50 | -100
Reduction ratio 1:30 1:50 1:100 1:30 1:50 1:100 1:30 1:50 1:100
Maximum speed r/min 200 120 60 200 120 60 200 120 60
Moment of inertia kgemz2 0.0026 | 0.0074 | 0.029 | 0.0060 | 0.017 | 0.067 | 0.018 | 0.050 | 0.20
of actuator kgfecm-s2 0.027 | 0.075 0.30 0.061 0.17 0.68 0.18 0.51 2.0
Allowable moment kgemz 0.0078 | 0.022 | 0.087 | 0.018 | 0.051 0.20 0.054 0.15 0.60
of inertia kgfecmes2 0.081 0.23 0.90 0.18 0.51 2.0 0.54 1.5 6.0

2-2 Variable load inertia

FHA-C mini series actuators include Harmonic Drive® gearing that has a high reduction ratio. Because
of this there are minimal effects of variable load inertias to the servo drive system. In comparison to
direct servo systems this benefit will drive the load with a better servo response.

For example, assume that the load inertia increases to N-times during its motion (for example, robot
arms). The effect of the variable load inertia to the [total inertia converted into motor shaft] is as follows:

The symbols in the formulas are:

Js: total inertia converted into motor shaft L: Ratio of load inertia to motor inertia
Jm: moment inertia of motor N: variation ratio of load inertia

R: reduction ratio of FHA actuator

*Direct drive

Before: Js=Jm(1+L) After: Js'=JM(1+NL) Ratio:  Js/Js=1+NL
*FHA-C mini actuator drive T+

L . NL , 1+NL/R?
Before:  Js= JM[""‘? After; JS'= M 1+F} Ratio:  Js'Js= T1L/R.

In the case of the FHA-C mini actuator drive, as the reduction ratio is [R=30], [R=50], or [R=100] and the
square of the reduction ratio [R2=900], [R2=2500], or [R2=10000] the denominator and the numerator of
the ratio are almost [1]. Then the ratio is [Js’/Js = 1]. This means that FHA drive systems are hardly
affected by the load inertia variation. Therefore, it is not necessary to take the load inertia variation in
consideration for selecting an FHA-C mini actuator or for setting up the HA-800 or HA-680 driver.
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2-3 Verifying loads

The FHA-C mini actuators include a precise cross roller bearing for directly supporting the load weight.
For optimal performance, verify that the maximum load weight is less than the allowable load and life
and static safety coefficient of the cross roller bearing.

* Verifying procedures:
(1) Verifying the maximum load

Calculate the maximum load (Mmax, Frmax, Famax).
l

Verify the maximum loads (Mmax, Frmax, Famax) are less than (<) allowable loads (Mc, Fr, Fa)
(2) Verifying the life of the cross roller bearing

Calculate the average radial load (Frav) and the average axial load (Faav).
l
Calculate the radial load coefficient (X) and the axial load coefficient (Y).

l

Calculate the life of the bearing and verify the life is allowable.
(3) Verifying the static safety coefficient

Calculate the static equivalent radial load (Po)
l

Verify the static safety coefficient.
* Specifications of the cross roller bearing
The following table shows the specifications of the cross roller bearings built in FHA-C mini actuators.

Table 1: Specifications of the cross roller bearings

Circular pitch Offset |Basic dynamic | Basic static Allowable Allowable torsional
ltem . ; .
of roller load rating load rating axial load moment
Model (dp) (R) ) (Co) (Fa) (Mc)
ode mm mm N N N N-m
FHA-8C 35 12.9 5800 8000 200 15
FHA-11C 425 14 6500 9900 300 40
FHA-14C 54 14 7400 12800 500 75
e Calculating the maximum load Actuator
Calculate the maximum load (Mmax, Frmax, Famax) with Load L
the following formula and verify that they are less than ‘;m g
their allowances. e
Mmax=Frmax(Lr+R)+Famax-La (1) Fr —
Where, the variables of the formula are: = &
Mmax: Maximum torsional moment in Nem(kgf-m) _’
©
Frmax: Maximum radial load in N(kgf); See Fig.1. -
e le
Famax: Maximum axial load in N(kgf); See Fig.1. E
a
Lr, La: Loading point in mm; See Fig.1.
Lr R
R: Offset: See Fig.1 and Table 1.
Fig.1 Loads
FHA-mini 25
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- Calculating average loads: average radial and axial loads, average output speed

When the radial and/or axial loads vary during motion, calculate and verify the life of the cross roller
bearing converting the loads to their average values.

* Average radial load: Frav Frq

<
/ Fr2

10/3

Fri 10/3 10/3 | 10/3

nits +natz|Fra “NptnlFry

Frav=

nit1+ N2tz + -~ + Npty

— Radial load +

\ Time

Frs

()

Note: "Fr1" is the maximum radial load in "t1" range,
and "Fr3" is the maximum radial load in "t3"

range. bac
« Average axial load: Faav : / Faz
8 |
102 / / s | : Time
nit{Fai %3 tnat|Fa 19/ ---nntn‘Fan‘103 z | !
Faav= ‘ | !
niti+natz + - + Nty ' ! Fas
3) : to to ! ts i
+ i : n2 i i
Note: "Fa1" is the maximum axial load in "t1" range, 3 -y ns |
and "Fa3" is the maximum axial load in "ts" e i :
) ! 1
range. g —
» Average output speed: Nav 3
\
Nay — niti+nat2 + - +nptp
ti+te+-+ 1y 4) Fig.2: Load/speed-time charts
- Calculating radial load factor and axial load factor
Both load factors are different with average loads as follows:
* When the right formula is satisfied, Faav <1.5 (5)
Frav+ 2(Frav(Lr +R) + Faav-La)/dp
X=1.0, and Y=0.45
* When the formula below is satisfied, Faav (5"

Frav+2(Frav(Lr + R)+ Faav-La)/dp >135
X=0.67, and Y=0.67

Where, the variables of the formulas are:
Mmax: Maximum torsional moment in Nem(kgfsm); obtained by the formula (1).
Frmax: Maximum radial load in N(kgf); See Fig.1.
Famax:  Maximum axial load in N(kgf); See Fig.1.
Lr, La: Loading point in mm; See Fig.1.
R: Offset; See Fig.1 and Table 1.
dp: Circular pitch of roller: See Fig.1 and Table 1.
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* Equivalent dynamic radial load
The equivalent dynamic radial load is:

2(FraV(Lr+R)+FaaV'La)J+Y.Faav X
dp

Pc=X- (Frav+

Where, the variables of the formula are:

Frav: Average radial load in N(kgf); obtained by formula (2).
Faav: Average axial load in N(kgf); obtained by formula (3).
dp: Circular pitch of roller: See Fig.1 and Table 1.

X: Radial load factor; obtained by formula (5)

Y: Axial load factor; obtained by formula (5')

Lr, La: Loading point in mm; See Fig.1.

R: Offset; See Fig.1 and Table 1.

- Life of cross roller bearing

Calculate the life of cross roller bearing with the formula below:

6 10/3
__10° (€ (7)
60xNav |\ fw-Pc

Lg_10

Where, the variables of the formula are:

Ls-10: Life of cross roller bearing in hour

Nav: Average output speed in rpm; obtained by formula (4).

C: Basic dynamic load rating in N (kgf). See Table 1.

Pc: equivalent dynamic radial load in N (kgf); obtained by formula (6).

fw: Load factor:
For smooth operation without shock or vibration: fw=1101.2
For normal operation: fw=1.2t0 1.5
For operation with shock and/or vibration: fw=1.51t03

* Life of cross roller bearing for swaying motion
Calculate the life of cross roller bearing with the formula below: ,«” \\
6 10/3 // \\\
Loc= 10 x@x ¢ (8) ! \
60xn. 6 \fw-Pc | !
Where, the variables of the formula are: ‘\ ,"
Loc:  Life of cross roller bearing in hour \\\ A
ni: Number of reciprocating oscillation per minute.
C: Basic dynamic load rating in N (kgf). See Table 1.
Pc: Equivalent dynamic radial load in N (kgf); obtained by / 0
formula (6). Sway angle
fw: Load factor:
For smooth operation without shock or vibration: fw=1to 1.2 Sway motion
For normal operation: fw=1.21t0 1.5
For operation with shock and/or vibration: fw=1.51t0 3
0: Half of sway angle; See the right figure.

If the sway angle is less than 5 degrees, please contact us.
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[ ]
* Equivalent static radial load

Equivalent static radial is obtained by formula (9) below.

2M max

Po =Frmax + +0.44Fa max

9)
Where, the variables of the formula are:

Po: Equivalent static radial load in N (kgf);
Mmax: Maximum torsional moment in Nem(kgfem); obtained by the formula (1)

Frmax: Maximum radial load in N(kgf); See Fig.1.
Famax:  Maximum axial load in N(kgf); See Fig.1.

dp: Circular pitch of roller: See Fig.1 and Table 1.

* Static safety factor

Generally, the static safety factor is limited by the basic static load rating (Co). However, for the heavy
duty, the factor is limited by the following formula:
fg= 0 (10)
Po

Where, the variables of the formula are:

fs: Static safety factor. See Table 4.
For precise positioning operation: fs=3
For operation with shock and/or vibration: fs =2
For normal operation: fs=21.5
Co: Basic static load rating in N (kgf). See Table 1.
Po: Equivalent static radial load in N (kgf); obtained by formula (9).
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2-4 Duty cycles

When a duty cycle includes many frequent start and stop operations, the actuator generates heat by
high starting and braking current. Therefore, it is necessary to study the duty cycle profile.

The study is as follows:

2-4-1 Actuator speed

Calculate the required actuator speed (r/min) to
drive the load.

For linear motion, convert with the formula below:
Linear speed (mm/min)
Pitch of screw (mm)

Rotary speed (r/min)=

Select a reduction ratio from [30], [50] and [100] of
an actuator of which the maximum speed is more
than the required speed.

2-4-2 Load inertia

Screw pitch (mm)
I

30 Speed (r/min)
I
|
35r/min
10 ! - X
50r/min
N (3 /N 70r/min
3 & 100r/min
200r/min
1
30 100 300 1000 3000

Linear speed (mm/min)

Calculate the load inertia driven by the FHA-C mini series actuator.

Refer to appendix 1 for the calculation.

Tentatively select an FHA-C mini actuator referring to section [2-1 allowable load inertia] with the

calculated value.

2-4-3 Load torque

Calculate the load torque as follows:
- Rotary motion

The torque for the rotating mass [W] on the
friction ring of radius [r] as shown in the
figure to the right.

T=98xuxWxr
T: torque (N°m)
u: coefficient of friction
W: mass (kg)
r: radius of friction face (m)

300

In the right graph, the oblique solid lines

for torque have been calculated with the g
coefficient of the friction of n=0.1. =
3 100
The oblique dot-chain lines show 20% 8
torque of actuators converted from 300% §
torque corresponding to its maximum 2
torque. kS
g 30
2
o
10
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Friction: u

Example. torque calculation (friction=0.1)

FHA(ratio:1/50): 20% torque of maximum torque

%5 N-m 10N-m

2 S
mzm\,»gN\m X
&m-m RASRNN \\
05N r; SES=FAA-14C-30 =X
NANVERONS FHA-14C-50
SN\ NN .x\< \%%FHA—MC—WO
0.3N-m N ANAN N
. . N\
202N-m N \\
\ . .
N\ N SFHA-11C-100
> \No—<F!
ha0.1N-m N : ‘FHA511\C—507 N\
NN N FHAT1C-38 SR
N\ .
: : FHA-8C-100 O\
NOONSFHABC50 NN
e FHA-BC-30 NN, )
0.3 1 3 10 30
Mass W (kg)
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[ . B ]

* Horizontal linear motion

The following formula calculates the torque for horizontal linear motion of mass [W] fed by the screw of
pitch [P].

T=98xuxW x
2xm
T. torque (N°m)
u:  coefficient of friction Mass: W
W: mass (kg) Pitch: P
P: screw pitch (m) oot O

« Vertical linear motion Friction: u

The following formula calculates the torque for vertical linear motion of mass [W] fed by the screw of
pitch [P].

P

2xT7

T=9.8xW x

2-4-4 Acceleration time and deceleration time ass: W

Calculate acceleration and deceleration times for the selected actuator.
2><7cX N
5 60 Tm-TL Speed
X T
td = (Ja+JL)x
R

Pitch: P

(CTLLLc?rc o

Acceleration:

ta = (JA + JL)x
Deceleration:

><T|\/|+2><TF—TL 1

Ta: acceleration time (sec) N
Td: deceleration time (sec)
Ja: actuator inertia (kgem2) v
Ju:  load inertia (kgem2) Time
N: actuator speed (rpm) ta td
Tm: maximum torque of actuator (N+m) — N
Tr:  actuator friction torque at max. speed (N+m)
Tr=KrXIv-Tm
where, Kr: torque constant (N*m/A)
Im: maximum current (A)
T.: load torque (Nem)
note that the polarity of the load torque is plus (+) for counter direction of revolution, and minus
(-) for same direction.

* Example 1:

The load conditons are: Rotary speed: 100rpm
Moment of inertia: 0.04 kgem2
Load torque is negligibly small.

(1) Refering the figure in section 2-1, FHA-11C-50 actuator is selected for the load.

(2) Refering the specification table in section 1-4, Ja=0.017 kgem2, Tm =8.3 Nem, Kr=6.6 Nem/A,
and Iv =1.6A are obtained for the FHA-11C-50.

(3) Tr=6.6x1.6-8.3 = 2.3 N°em is obtained with the formula above.

(4) Acceleration and deceleration times are:
ta = (0.017+0.04)x2x = /60x100/8.3 = 0.072 s
td = (0.017+0.04)x2x = /60x100/(8.3+2x2.3) = 0.046 s

(5) If the calculated acceleration/deceleration times are too long, correct the situation by:
Reducing load moment of inertia
Selecting an actuator with a larger frame size
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2-4-5 Calculating equivalent duty

The load conditions, which is torque, speed, moment of

Speed

inertia, acceleration/deceleration time, loading time, are
limited by the actuator to drive the load. To select the
proper actuator, the equivalent duty of the load should be
calculated. v

The %ED (percent equivalent duty) is: ta

tr

td | ts

t: duty cycle

<+——r|¢ >

Kla x ta + KLr x tr + KLd x td «
t

%ED = 100 >

where, ta: acceleration time in second
td: deceleration time in second

Torque

Tal

Tri

Time

tr: driving time in second

t: single cycle time in second Ta, Tr, Td: output torque

Kia:  duty factor for acceleration time
Kw:  duty factor for driving time
Kwe:  duty factor for deceleration time

» Example 2: getting duty factors of Kia, Kir and Kua

Td

Time

With an example of the duty factor graph for FHA-11C-50 actuator, the way of getting the duty factors of

Kla, Kir and Kua is descrived as follow:

The load conditons are same as the example described in the example1: the inertia load is accelerated
by the maximum torque, and is driven with a constant speed, and is decelerated by the maximum

torque. The displacement angle is 120 degrees and the cycle time is 0.8 s

(1) Kia, and Kua:: the speed is desided at 50 rpm as the average of 0 and 1
Then, Kia = K = 1.7 from the graph.

(2) Kur: as the inertia load, Tr = 0. Then Kir = 0.9 from the graph.

00 rpm.

(3) The driving time is calculated as the area of the trapezoid of speed-time graph. Then the

displacement angle is:
6= (N /60) x {tr + (ta + td) / 2} x 360
Then, tr=0/ (6 xN) — (ta+td) /2

Substituting 120 deg. for 6,0.072(s) for ta, 0.046(s) for td, 100rpm for N, the driving time is:

tr=120/(6 x 100) — (0.072 + 0.048) /2 = 0.14(s)
(4) Because the cycle time is 0.8(s), the %ED is obtained as follows:
%ED = (1.7 x0.072 + 0.9x 0.14 + 1.7 x 0.048) / 0.8 x 100 =41.2%

It is possible to drive the actuator with the load -FHA-11C-50
specifications continuously, because the

Plate:150x 150x6(mm)

%ED is less than 100%.

If the %ED is excessed 100%, correct the 8
situation by:

*Changing the speed-time profile

*Reducing load moment of inertia

Torque [Nm]

*Selecting an actuator with a larger frame size

1 2)KLr

e N W A O O

2
=
Oe
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Torque [Nm]

» Graphs of duty factor
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Torque [Nm]
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B FHA-14C-100
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2-4-6 Effective torque and average speed

Effective torque and the average speed should also be reviewed.
(1) The effective torque should be less than allowable continuous torque specified by the driver.
(2) The average speed should be less than allowable continuous speed of the actuator.

Calculate the effective torque and the average speed of an operating cycle as shown in the former
figure.

Tm: effective torque (Nem)

T = \/Taz X (ta + td)+ T xtn Ta: maximum torque (N-m)
t Tr: load torque (N-m)
ta: acceleration time (s)
Nay — N/2xta+Nxtr+N/2xtd td: deceleration time (s)
av= t tr:  running time at constant speed (s)

t:  time for one duty cycle (s)
Nav: average speed (rpm)
N: driving speed (rpm)

If the result is greater than the value in the table below, calculate once again after reducing the duty
cycle.

Model FHA-8C FHA-11C FHA-14C
ltems -30 -50 -100 -30 -50 -100 -30 -50 -100
Reduction ratio 1:30 1:50 1:100 1:30 1:50 1:100 1:30 1:50 1:100
Continuous torque N-m 0.75 1.5 2 1.8 2.9 4.2 (g'g) 4.7 6.8
Continuous speed r/min 117 70 35 117 70 35 100 60 30

Note: The values for 24VDC are in parenthesis.

- Example 3: getting effective torque and average speed
The parameters are same as the example 1 and 2 for an FHA-11C-50.

(1) Effective torque
From the parameters of Ta =Td =8.3 N-m,Tr=0 N-m, ta=0.072 s, tr=0.14 s, td=0.046 s, t=0.8 s,

:319 Nom

_ \/8.32x(0.072+0.046)
0.8

As the value of Tm (3.21N-m) ecceeds its allowable continuous torque (2.9N+*m), it is impossible to drive
the actuator continuously on the duty cycle. The following equation is introduced by converting the
equation for effective torque. The limitted time for one duty cycle can be obtained by substituting the
continuous torque for the Tm of the following equation.

T32 X (ta + td)+ Tr2 x tr

t= To?
Substituting 8.3 Nem for Ta , 8.3 for Td, 0 Nem for Tr, 2.9 Nem for Tm , 0.072 s for ta, 0.14 s for tr, and
0.046 s for td :

2
[ 8:3°x (0.072+0.046) _ 0.97

2.9°

Namely, when the time for one duty cycle is set more than 3.4 s, the effective torque [Tm] becomes less
than 2.9 Nem, and the actuator can drive the load with lower torque than the continuous torque
continuously.

(2) Average speed

From the parameters of N =100 r/min, ta=0.072 s, tr=0.14 s, td=0.046 s, t=0.97 s
100 / 2x0.072+100x0.14 +100/2x0.046

Nav =20.5r/min

0.97
As the speed is less than the continuous speed of FHA-11C-50, it is possible to drive it continuously on
new duty cycle.
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2-4-7 Permissible overloaded time

The overloaded time is limited by the protective function in the driver even if the duty cycle is allowed.
The limits are shown in the figure below.

Input Voltage 100VAC/200VAC

200 FHA-8C-30 c
/ FHA-8C-50 FHA-14C-30
200 | FHA-8C-100 FHA-14C-50
_ \Z I \Z FHA-14C-100
(2]
[0])
£ 100 \ AN \/~\ ; Q\/
e AN N N N\ N\
3 X NN MY
Lol 70 \ ANGGNLUN SOENG NN N\
g N\ AN NN N\
2 5 X A N N N
3 Js NS
O 40 FHA-11C-30 1 Y, NN
30 ' FHA-11C-50 ] AN N
20 FHA-11C-100
10
05 07 1 2 3 4 5 7 10 20 30 40 50
Torque[Nm]

Input Voltage 24VDC (incremental encoder)

1000 — ;
___________ FHA om0

_ FHA8C100 ———
2 t
= FHA 14c 30
2 300 :
£ ; FHA-14C-50
S 200 : ottt ‘ :
i FHA-14C-100
| 100 ;
s 100

30 e FHAMC30- o \

20 o e S S - FHA-11C-50" / \ )

| RN FHA-11C-100
10 L
0.1 07 1 2 3 4 5 7 10 20 30 40 100

Torque (N-m)
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Chapter 3 Installing the FHA-C mini actuator
3-1 Receiving Inspection

Check the following when products are received.

*Inspection procedure

(1) Check the shipping container and item for any damage that may have been caused during
transportation. If the item is damaged, immediately report the damage to the dealer it was
purchased from.

(2) A label is attached on the right side of the FHA actuator. Confirm the products you ordered by
comparing with the model on the [TYPE] line of the label. If it is different, immediately contact the
dealer it was purchased from.

The model ordering code can be found in section 1-2.

(3) A model of the driver is marked on the [TYPE] line of the label. The last three digits indicate the
voltage of power supply.

200: 3-phase or single phase 200V
100: single phase 100V
24: 24VDC power

If the voltage to be supplied is different from the label voltage, contact us immediately.

é Y
Do not connect a supply voltage other than the voltage specified
on the label.

The wrong power supply voltage may damage the driver resulting physical injury and

WARNING fire.
\ J
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3-2 Notice on handling

Handle FHA-C mini series actuators with care, specifically:

Do not plug the actuators directly into a commercial line power
source.
This could burn out the actuator, potentially resulting in a fire and/or electrical hazard.
WARNING
é N
(1) Do not apply impact or unnecessary excessive force to output
flange of actuators.
(2) Do not put actuators on in a location where the driver could
easily fall.
(3) The allowable temperature for storage is from —20°C to +60
°C. Do not expose it to the sunlight for a long time and do not
CAUTION store it in areas with widely fluctuating temperatures.
(4) The allowable relative humidity for storage is less than 80%.
Do not storage it in highly humid place or in a place where
temperature changes excessively during the course of a day.
(5) Do not store units in locations with corrosive gas or particles.
\ J

3-3 Location and installation
3-3-1 Environment of location

The environmental conditions of the location must be as follows.

*Service temperature: 0°'Cto40°C
When the actuator is installed in a closed space, the temperature in the space may be
higher than the atmosphere because of heat emission by the actuator. Design the
closed space size, ventilation system, and device locations so the ambient temperature
near the actuator is always less than 40°C.

*Service humidity: 20 to 80% relative humidity, without condensation
Make sure no water condensation occurs at the place where there is a large
temperature change in a day or due to frequent heat-and-cool cycles due to the
operation of the actuator.

+Vibration: less than 25m/sec2 (2.5G) (10Hz~400Hz)
sImpact: less than 300 m/secz (30G)

*Make sure the actuator is in an area free from: dust, water condensation, metal powder, corrosive gas,
water, water drops, and oil mist.

Do not install the actuator in corrosive gas environment.

Take notice that the protection degree of standard actuators is IP-44, that is, all parts of
the actuators, except the rotary sliding parts (oil seal) and connectors, are protected
against solid bodies of superior dimensions to 1 mm, and against the water sprays.

*Locate the driver indoors or within an enclosure. Do not expose it to the sunlight.

Altitude: lower than 1000m above sea level
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3-3-2 Installation

Since the FHA-C mini series actuator is a high precision servomechanism, great care is required for
proper installation.

When installing the actuator, pay attention to the precision of the assembly. Do not hit the actuator with
a hammer. Take note that actuators provide a glass encoder, which may be damaged by impact.
-Procedure

Output flange

(1) Align the axis of rotation of the actuator and the load
mechanism precisely.

Note 1: Perform this alignment carefully, especially
when a rigid coupling is used. Even slight
misalignment may cause the permissible load
of the actuator to be exceeded, resulting in
damage to the output shatft.

Note 2: Do not apply shock or impact during
installation.

(2) Fasten the flange of the actuator with flat washers and high strength bolts.

Use a torque wrench
when tightening the fasteners.

The recommended tightening torque is shown in the table below:

Model FHA-8C FHA-11C FHA-14C
Item Output Output Output
flange Flange flange Flange flange Flange
Screw, 6-M3 6-M4 6-M5
Tightening |_hole depth depth: 5 4-M3 depth: 5 4-M4 depth: 7 4-M5
torque N-m 2 1.2 4.5 2.7 9.0 54
kgf-cm 20 12 46 28 92 55

(3) Refer to the driver manual for cable installation.

(4) Motor cable and encoder cable

Do not pull the cable with strong force, which may damage the connection. Install the cable with

slack not to apply tension to the actuator. Keep the minimum bending radius more than 40mm, when
the cable will be bent and stretched.

R=40mm or more
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Do not apply torque, load or thrust to the sleeve directly.

Since the sleeve is adhered to the output flange, Output flange

the adhered sleeve may detached from the output
CAUTION  flange by the illegal torque or load.

g
,
Do not disassemble and re-assemble the actuator.
Harmonic Drive LLC does not guarantee the actuator has been reassembled
by others than the authorized persons by the Harmonic Drive LLC.
CAUTION

\
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3-4 Extension Cables

Three kinds of optional extension cables, 3m/5m/10m length, are available.
Ordering model

For Motor: EWC — MBxx — A06 — SP
For Absolute encoder: EWD — Sxx — A08 — SP

For Incremental encoder: XX =---- Cable length: L 03 3m
EWA-Exx-HR16-SP 05 5m
10 10m
External view of extension cable for motor
|For Driver ] [For Acfuator |
L‘goo
(50) (60)
(5) Outer Diameter (28MAX) (29MAX)
¢7.7 (approx)
Soldering <
— <
S=—— i =N :
Shield Housing : 350781-1

External view of extension cable for absolute encoder

[For Acfuatorl

3000 73%°

Confact :350689-1
TAMP ]

60

!

AWG20-3P

/ Oufer Diamefer :98.4 (approx |

(40)

5

IFor Driver |

;_/M

(12.5)

Rec Housing :1-1827864-4
Rec Contact :1827572-2
or 1827589-2

[AMP ]

External view of extension cable for Incremental encoder

~ -

Shield

[For Driver | [For Acfuatar]
3000 2%
(50) (43)
(5)
Outer Diameter
Soldering = #7.2 (approx)
—————— [
)
Plug :HR25-9TJ-165(72)
Shield THIROSE 1
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I

Optional Cables 3 Lengths Available (ZZ): 3m (03), 5m (05), 10m (10)

Encoder Cable Encoder Voltage
Length (ZZ) Encoder Volta Minimum Voltage (VDC)
o ge ;
Encoder Description P—— 5 meter | 10 meter Encoder | Operational Range Requirement for Cable Length (ZZ)
: P Y Ny Y (vDC) 3 meter 5 meter | 10 meter
nc -EZZ- -
Inc 4.75-5.25 5 5.2 5.65
ABS CBL-EZZ-L006-N v v v
ABS 4.75-6 5 5 54
Dual CBL-EZZ-L012-N v v v
Dual 4.75 - 30 5 5] 5.25
LEADS
SHIELD
— L(zz) i
Motor Cable
Length (Z2Z)
Actuator Description
3 meter 5 meter | 10 meter
FHA-8,11 | CBL-MZZ-L004-N v v v
FHA-14 | CBL-MZZ-L104-N 4 v v
LEADS
| SHIELD o
L(22)
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Appendix 1

Incremental Encoder Detailed Specifications
Signal Waveform

Fig. 1 A, B and Z signal and relationship with U-N motor EMF waveform

with CW rotation facing the output flange end
T

»
-

<

-
a

<

b

c d
<l ald
<>l

|
' | a,b,c,d=0.25T + 0.15T
A | Tz=T=+05T

; (The Z phase includes a HIGH state
i in case of both of A and B phase is
: HIGH state.)

12 ‘TJ 19 T = 36072000
<« < +3" (Mechanical angle)

» » »
Ll Ll Ll

A
A

U-N
Motor EMF waveform

Fig. 2 U, V and W signal and relationship with motor’s EMF with CW rotation fac
ing the output flange end

U
? 60 20 18 40 30 60 ElEC Gl‘lgle N
] V
| Motor EMF waveform o
Lo
S| -
I F\)
R = 72°£3" (Mechanical angle)
Hn = 12°£3° (Mechanical angle)
U L | [ < +3° (Mechanical angle)

| L

H1 | H2 | H3 | H4 | HS | He

Motor Commutation Output
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Output Circuit and Example for Receiving Signal
Fig. 3 Output circuit of encoder and connection example

Output circuit S
__________ Ty ! Fmm————————
7\ Ve 1
« —C
SN75ALS192NS(EqU|Va|ent) ! A,B,Z, U,V,W : !
T
fl\
L GND i b
fl\ |
77 Y ! O
| i
\ |
|
I

Ve i E \T/
I ; F6 C:} _________ L“"Q—_L

GND /J:

Voltage strength of capacitor C1,C2:50V

43
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\
I
]
|
i SN75ALS192NS (Equivalent)
I
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Appendix 2  Unit conversion

Appendix 2 Unit conversion

This manual employs Sl system for units. Conversion factors between the S| system and other

systems are as follows:

(1) Length
Sl system | m Unit ft. in.
¥ Factor 0.3048 0.0254
Unit ft. in. . 2
Factor 3.281 39.37 Sl system | m
(2) Linear speed
Sl system | m/s Unit m/min ft./min ft./s in/s
* Factor 0.0167 |5.08x10| 0.3048 | 0.0254
Unit m/min | ft./min ft./s in/s s 4
Factor 60 196.9 3.281 39.37 Sl system | m/s
(3) Linear acceleration
Sl system | m/s? Unit m/min? | ft./min? ft./s? in/s?
* Factor |2.78 x10#8.47x10°| 0.3048 | 0.0254
Unit m/min? | ft./min? ft./s? in/s?
Factor | 3600 | 1.18x10* | 3.281 39.37 Sl system | m/s?
(4) Force
Sl system | N Unit kgf Ib(force) oz(force)
s 4 Factor 9.81 4.45 0.278
Unit kgf Ib(force) oz(force) . 2
Factor 0.102 0.225 4.386 Sl system | N
(5) Mass
Sl system | kg Unit Ib. oz.
¥ Factor 0.4535 0.02835
Unit Ib. 0z. x 4
Factor 2.205 35.27 Sl system | kg
FHA-mini
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|
(6) Angle
Sl system | rad Unit Degree Minute Second
¥ Factor 0.01755 2.93x10* 4.88x10®
Unit Degree Minute Second *
Factor 57.3 3.44x10° 2.06x10° Sl system | rad
(7) Angular speed
Sl system | rad/s Unit deg/s | deg/min r/s r/min
¥ Factor | 0.01755 |2.93x10*| 6.28 0.1047
Unit deg/s | deg/min r/s r/min
Factor 57.3 |3.44x10° | 0.1592 9.55 Sl system | rad/s
(8) Angular acceleration
Sl system | rad/s? Unit deg/s? deg/min?
¥ Factor 0.01755 2.93x10*
Unit deg/s? deg/min?
Factor 57.3 3.44x10° Sl system | rad/s?
(9) Torque
SI system| N- m Unit kgf- m | Ib- ft Ib- in 0z: in
¥ Factor 9.81 1.356 0.1130 | 7.06x103
Unit kgf- m | Ib- ft b in | oz: in ¥
Factor 0.102 0.738 8.85 141.6 Sl system | N- m
(10) Moment of inertia
Sl system | kgem?
Unit  |kgf- m- s2 kgf'sgm' Ib- ft2 | Ib- ft- s2 | Ib-in2 |Ib: in- s? | oz: in? |oz- in- s?
Factor 0.102 10.2 23.73 0.7376 3.42x10° 8.85 5.47x10% 141.6
Unit  |kgf- m- s? kgf-scz;m- lb- f2 | Ib- ft- s2 | Ib-in* |lb- in- s? | oz in? |oz' in- s?
Factor 9.81 0.0981 0.0421 1.356 2.93x10* 0.113  [1.829x10 | 7.06x103
¥
Sl system | kgm?
(11) Torsional spring constant, moment stiffness
Sl system | N- m/rad
\ 4
Unit kgf- m/rad kgf- m/arc min kgf- m/deg Ib- ft/deg Ib- in/deg
Factor 0.102 2.97x10° 1.78x10°3 0.0129 0.1546
Unit kgf- m/rad kgf- m/arc min kgf- m/deg Ib- ft/deg Ib- in/deg
Factor 9.81 3.37x104 562 77.6 6.47
Sl system | N- m/rad
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Appendix 3 Moment of inertia

3-1 Calculation of mass and moment of inertia

(1) Both centerlines of rotation and gravity are the same:
The following table includes formulas to calculate mass and moment of inertia.

m: mass (kg); Ix, ly, 1z: moment of inertia for rotation center of x-, y-, z-axis respectively (Kg-m?);
G: distance from gravity center to the surface; p : specific gravity

Unit Length: m;  Mass: kg; Inertia: kg-m?

Object form Mass, inertia, gravity center Object form Mass, inertia, gravity center
Cylinder Circular pipe
y z m =uR? Lp sz) m=n(R12—R22)Lp
A 1 A

R Ix =-mR? R1

5 Ix:%m(Rlz “R,’)
X X
:) 1 12 :) 1 12
y Iy:—m[R2+—] IYZZm{(R12—R22)+?}

4 R> y

< L > 9 < L > 2
Iz—lm(Rz-rL—J Iz——m{(Rlz—R22)+—}
4 3 Ri:outer, Rz2: inner

Slanted cylinder ) Ball

m=naR*Lp mfénR?’p

R 3
1-2mR?
5

Ellipsoidal cylinder Cone o

z
4

|f» Ix =~ m(B? + C?)
16
X:\ C

/

N

4 4 3
< L P
1 [B2 L2}
Iz=—-m| —+—
4 | 4 3
Rectangular pillar m = ABC)p Square pipe m = 4AD(B-D)p
B 1 B 1 9
My Z Ix:ﬁm(B2+C2) |:1 My Z 1x=§m{(B-D) +D2}
1
3 Iy:%m(CZJrAQ) +_ Iyzgm 2+(B-D)2+D2}
X <« X <«
C N
3 1
L y Iz:im(A2+B2) \Ay szgm{Az-i—(B'D)2+D2}
LA 12 LA
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Appendix 3 Moment of inertia
Object form Mass, inertia, gravity center Object form Mass, inertia, gravity center
Rhombus pillar Hexagonal pillar
, m:%ABCp ﬂABz
B 4 2 2
Ve \ 7 Ix= 21—41’11(132 +C2) Bl 3 \ * Ix _imB2
e c I —im(02+2A2) X < v 112 2 5n2
y 1 e
A, Iz:ﬂm(B2+2A2) A y szim[AZﬁLE’B?j
Isosceles triangle Right triangle pillar
. 9 m:lABCp 9 gep m:lABCp
pillar 92
z 2 z 2, (2
4 Ix=im B +ECQ 4 Ix——m(B +C )
G 12 2 3 Gt
Z _i 9 9
X C Iy—im(A%ZCzj X<l C V=3 [A +3CJ
f ~ ’ *' 1 2
y 2 N * Iz=—m| A% + ZB2
LA IZZ% {A2+B7] SZA y ‘"1z [ "3
< »> C B
C B Gi=—  Gg==
G-% 173 273

€ Example of specific gravity

The following tables show references of specific gravity. Confirm the specific gravity for the material of
the drive load.

Material Gravity Material Gravity Material Gravity
SS45C 7.86 Blonze 8.5 Epoxy resin 1.9
SS41C 7.85 Alumimum 2.7 ABS 1.1
Cast steel 7.85 Duralumin 2.8 Silicon resin 1.8
Cast iron 7.19 Teflon 2.2 Polyurethane rubben,  1.25
Copper 8.92 Fluorocarbon resin 2.2 Chloroprene rubber 1.15

(2) Both center lines of rotation and gravity are not the same:

The following formula calculates the moment of inertia when the rotary center is different from the
gravity center.

F
I=1Ig+mF? :‘—’!
I : Inertia when both centers are not the same (kg-m?) Q:)
lg :  Inertia when both centers are the same (kg-m?) i
Calculate with formulas described in (1). Rotary  Gravity
m:  Mass (kg) center center
F : Distance between rotary center and gravity center (m)

(3) Inertia of linearly moving objects
The inertia, converted to the actuator axis, of linear moving objects is calculated with the formula as

follows: [ p }2
I=m| —
21

I: Inertia of linearly moving objects, converted to the actuator axis (kg-m?)

Mass (kg)
P: Displacement per one revolution of actuator (m/rev)
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3-2

The moment of inertia of a
cylinder may be obtained from
the graphs to the right.

i
Radius

Lengt

The above graph is applied for
alumimum (specific gravity: 2.7)
and the lower for steel (specific
gravity: 7.85).

The double-dot-chain lines
indicate the allowable inertia for
each actuator.

(Example)

Material: Aluminum
Diameter: 100mm
Length: 7mm
Form: cylinder

As the diameter is 100mm, the
radius is 50mm. Therefore, the
above graph would indicate that
the inertia is:

Approx. 1.9X10*kg*m?
(Exact value:0.000186 kg-m?)

FHA-mini

Appendix 3 Moment of inertia

Inertia of cylinder

Moment of inertia (kg-m?) Length (mm)

1000 I
Inertia (specific gravity: 2.7) 1000
100
100

10
1

FHA-14C-100 — - - —- - A

/ Y
FHA-11C-100—"—' ‘% < p " /2 EHA-14C-50
01 FHA-8C-100=——=—-= ../// ./_ 5 b —=
FHA-14C-30 —-- — - 7 ; : A FHA-11C-50
./—FHA-8C-50

0.01

0.001

10+

10°

10®

10 20 30 50 70 100 500 700 1000

Radius R (mm)

200 300

Moment of inertia (kg-m?)

Length (mm)
1000 Y

Inertia (speciil‘ic gravity: 7.85)

100

g

01 FHA-11C-100 — - - — ,
) FHAF:TC-?%EO '''' / /V/I // T~ FHA-11C-50
FHA-11C-30 — - — - /// // / /- —FHA8C-50
o'mFHA 8C30 — - — - /// /

0.001

fLL7

10®
10 20 30

50 70 100 500 700 1000

Radius R (mm)

200 300
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SAFETY GUIDE

For actuators, motors, control units and drivers

manufactured by Harmonic Drive LLC
Read this manual thoroughly before designing the application, installation, maintenance or inspection of the actuator.

AN\

WARNING

Indicates a  potentially  hazardous
situation, which, if not avoided, could
result in death or serious personal injury.

/N

Indicates a potentially hazardous situation, which, if
not avoided, may result in minor or moderate personal
CAUTION injury and/or damage to the equipment.

LIMITATION OF APPLICATIONS:

*
*
*
*
*

Space equipment

Aircraft, aeronautic equipment *
Nuclear equipment x
Household apparatus x
Vacuum equipment *

The equipment listed in this document may not be used for the applications listed below:

* Automobile, automotive parts
Amusement equipment, sport equipment, game machines
Machine or devices acting directly on the human body
Instruments or devices to transport or carry people
Apparatus or devices used in special environments

If the above list includes your intending application for our products, please consult us.

Safety measures are essential to prevent accidents resulting in death, injury or damage of the equipment due to
malfunction or faulty operation.

CAUTIONS FOR ACTUATORS AT APPLICATION DESIGNING

>

CAUTIONI
1

Always use under followings conditions:
-Ambient temperature: 0°C to 40°C

-Ambient humidity: 20% to 80%RH (Non-condensation)
-Vibration: Max 24.5 m/S?

-No contamination by water, oil

-No corrosive or explosive gas

CAUTION

Follow exactly the instructions in the relating
manuals to install the actuator in the equipment.
-Ensure exact alignment of actuator shaft center and
corresponding center in the application.

Failure to observe this caution may lead to vibration,
resulting in damage of output elements.

CAUTION FOR ACTUATORS IN OPERATIONS

>

CAUTION

Keep limited torques of the actuator.

-Keep limited torques of the actuator.

-Be aware, that if arms attached to output element hits
by accident an solid, the output element may be

P

Never connect cables directly to a power supply
socket.

-Each actuator must be operated with a proper driver.
-Failure to observe this caution may lead to injury, fire or

>

WARNING

®

uncontrollable. ARNING ' damage of the actuator.
Do not apply impacts and shocks Avoid handling of actuators by cables.
-Do not use a hammer during installation -Failure to observe this caution may damage the wiring,
-Failure to observe this caution could damage the ; ;
] causing uncontrollable or faulty operation.
encoder and may cause uncontrollable operation. ARNING, 9 ty op

CAUTIONS FOR DRIVERS AT APPLICATION DESIGNING

>

Always use drivers under followings conditions:
-Mount in a vertical position keeping sufficient distance
to other devices to let heat generated by the driver
radiate freely.

-Ambient temperature: 0°C to 50°C

Use sufficient noise suppressing means and safe
grounding.

-Keep signal and power leads separated.

-Keep leads as short as possible.

1
1
1
1
1 - . . L
CAUTION ) e CAUTION; -Ground actuator and driver at one single point, minimum
, “Ambient ~humidity: less than 95% RH (Non ; ground resistance class: D (less than 100 ohms)
, condensation) ) . 1 -Do not use a power line filter in the motor circuit.
, -No contamination by water, oil or foreign matters .
, -No corrosive, inflammable or explosive gas L
1 Pay attention to negative torque by inverse load. 1 Use a fast-response type ground-fault detector
I —Inverse load may cause damages of drivers. I designed for PWM inverters.
I -Please consult our sales office, if you intent to apply I -Do not use a time-delay-type ground-fault detector.
CAUTION! products for inverse load. CAUTION !
CAUTION FOR DRIVERS IN OPERATIONS
: Never change wiring while power is active. : Do not touch terminals or inspect products at least
, “Make sure of power non-active before servicing the 1 5 minutes after turning OFF power.
1 P’OC:UCIS- b h | | | -Otherwise residual electric charges may result in
-Failure to observe this caution may result in electric lectric shock.
WARNING' = WARNING! electric shock.
| shock or personal injury. I -Make installation of products not easy to touch their
1 I inner electric components.
: Do not make a voltage resistance test. : Do not operate control units by means of power
. -Failure to observe this caution may result in damage of . ON/OFF switching.
, the control unit. , -Start/stop operation should be performed via input
-Please consult our sales office, if you intent to make a signals
! . CAUTIONI! :
CAUTION. voltage resistance test. | Failure to observe this caution may result in deterioration
1 1 of electronic parts.

DISPOSAL OF AN ACTUATOR, A MOTOR, A CONTROL UNIT AND/OR THEIR PARTS

1
CAUTION |

. All products or parts have to be disposed of as industrial waste.
1 -Since the case or the box of drivers have a material indication, classify parts and dispose them separately.




Warranty Period and Terms

The FHA-C mini series actuators are warranted as follows:
* Warranty period

Under the condition that the actuator is handled, used and maintained properly
followed each item of the documents and the manuals, all the FHA-C mini series
actuators are warranted against defects in workmanship and materials for the shorter
period of either one year after delivery or 2,000 hours of operation.

*  Warranty terms

All the FHA-C mini series actuators are warranted against defects in workmanship
and materials for the warranted period. This limited warranty does not apply to any
product that has been subject to:

(1) user's misapplication, improper installation, inadequate maintenance, or misuse.
(2) disassembling, modification or repair by others than Harmonic Drive LLC

(3) imperfection caused by a non-applicable product.

(4) disaster or others that is not the responsibility of Harmonic Drive LLC

Our liability shall be limited exclusively to repairing or replacing the product only
found by Harmonic Drive LLC to be defective. Harmonic Drive LLC shall not be liable
for consequential damages of other equipment caused by the defective products,
and shall not be liable for the incidental and consequential expenses and the labor
costs for detaching and installing to the driven equipment.

Specifications and dimensions in the catalog subject to change without notice.

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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