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Harmonic

High cost-effective/perfectly match and replace the sizes of Japanes harmonic reducers
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EFAME“E Company Introduction

Jiangsu Fenghua Transmission Technology Co., Ltd. is developed from a factory which
professionally manufactures the gears. All staffs of factory and R & D team have more than 20 years’
gear manufacturing and designing experience. The factory cooperated with Taiwan planetary gearbox
technology team in the early period, and then established business department of the planetary
gearbox , and developed the design and manufacturing process of product line of planetary gearbox
series. Later, we developed and produced multi-joint robot industry reducers ( RV high-precision
pin-wheel reducers ) with the Japanese NDK company, and the wave gear device ( harmonic reducers
) invented by American genius inventor C. W. Musser.

Harmonic reducer is composed of three components of wave generator, flexspline and circular
spline. The product utilizes the transmission mode of metal winding deformation, and through the
breakthrough of tooth meshing and material and processing accuracy, the company successfully
developed CSG, CSF, SHG, SHF, SHD series harmonic reducer products, which are widely applied in
horizontal reciprocating joint motion occasions like SCARA horizontal multi-joint robots.

RV high-precision cycloidal pinwheel reducer is composed of a cycloid pin wheel and a planet
carrier. It features of small volume, strong impact resistance, large torque and high positioning
accuracy, small vibration, large reduction ratio, etc. RV-E and RV-C series reducers are widely used in
six-axis industrial robots, palletizing robots, and other robot fields like welding robots and positioners in
the welding fields, and stamping robots in the punching field. Combined with the application of
peripheral automation, Fenghua company developed the RV-EM, RV-CM, FHA & FHD series reducers

models for direct-connected motor, which is more convenient for customers to choose and implement.

Fenghua high-precision reducers can directly replace the products manufactured by Germany and
Japanese company. Fenghua product series range are full, and sizes and precision can be perfectly
matched with the gearbox produced by Japanese & German manufacturers. The products are widely
used in six-axis industrial robots, SCARA horizontal mulii-joint robots, parallel robots, and palletizing
robots, as well as welding robots in the welding field, positioners, stamping robots in the punching field,
and rotating application of the fourth & fifth axis in the machine tool industry, and rotary positioning
control in the fields of 3C, semiconductor and high-end medical devices. And Fenghua harmonic
reducers can be found having been long-term applied in the fields of photovoltaic equipment, lithium
battery and other new energy equipment.

The factory set up a service department in mainland of China in the early period, mainly promoting
domestic market, and later established Fenghua Transmission Equipment (Shanghai) Co., Lid. The
company matches a large stocks of products to coordinate with servo motor manufacturers and
system integration traders, rooting in the domestic market, and determined to serve the domestic
automatic industry and robotic field by excellent products and serve for the Chinese robot cause and
Industrial 4.0 direction.
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Product Application Industry

Semiconductor liquid crystal manufacturing equipment, robots, machine tools, and other frontier areas requiring
precision motion control are widely used.
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Rotational direction and reduction ratio

Structure of harmonic reducer T

Series: CSG, CSF, CSD, CSF-mini (@?
= Rotational direction =4
Fig. 0101 =
8
® ©) ® a
£ o
¥ *R Indicates the
B reduction ratio value
3 from the ratings table. wo
Wave Generator Input  Output
. . ; . . (Note) Contact us if you use the product o
A ball bearing with thin—walled construction is fitted onto the as Accelerator (5) and (6). (1) Reducer (2) Reducer (3) Reducer 5
outer circumference of an oval cam. The entire structure is Outt: Pl 2 ImH- it Chegar omine. '=RFT | vt ClecerSuice | '=meT S
s . . . Fixed: Circular Spline (CS) Fixed: Flaxspline Fixed: Wave Generator w
oval. The inner ring of the bearing is fixed onto the oval cam i
and the outer ring elastically deforms through a ball. The ® ) §’
wave generator can be mounted on a motor shaft. g
3
g
Wave Generator ~ Flex Spline  Circular Spline Flex Spline 3
i =
The inner gear of the rigid body, with teeth of equivalent size to (5) Overdrive (6) Overdrive (7) Differential B
those on the flex spline cut into the inner circumference. The i R#1 input_ Flexapline _ ik G Sk At e o sy wmees e,
Three basic components are assembled Teeth meshing circular spline has two more teeth than the flex spline and is FE (e Tocetoal R il G ool | Fixed: Flexspline =R combinations (1) through (6) are -
normally fixed onto the gear casing. malmpe

Flex Spline  Siknat

; ; : A z Series: SHG, SHF, SHD
A cup-like elastic metal part with thin wall thickness. Teeth are ' Rotatonaldinsttion

cut into the outer circumference of the opening of the cup, from Fig. 0102
where the output is usually extracted.

¥ R indicates the
B  reduction retio valus
§ from the ralings. table
-
Input  Output
(Nots) Contact us if you use the product i
as an overdriva of (5) or (6). (1) Reducer (2) Reducer (3) Reducer
Input:  Wave Generator | _ ~1 Input:  Wave Generator _ _1 Input:  Flexspline ==
Cutput:  Flexspline Output: Circular Spline R+1 Qutput: Circular Spline R+
Fixed: Circular Spline Fixed: Flaxsplina Fixed: Wave Genearator

adA jusuodwoo seueg Sy edAj Jusuodwiod seuss JHS/OHS

@ @
.
[ ]
L]
)
L ]
(4) Overdrive (6) Overdrive (7) Differential
Input:  Circular Splina R+1 5 Input:  Circular Spline ‘When all of the wave generator, the
ine i=-ﬁ— Output: Wave Generator |I=-R Output. Wave Generator i=R-+1 fleaxspline and the circular spline rotate,
Fixed: Wave Genarator Fixed: Circular Spline Fixed: Flexspline m:bn:iun {1) through () are
= Reduction ratio
The flex spline is bent into an oval Fixing the circular spline and Rotating the wave genera- When the wave generator The reduction ratio is determined by the number of teeth of the
shape by the wave generator.  rofating the wave generator  tor through 180° in a rotates through one tumn Fhecspins aid the Cieculsr Spmis Example
Teeth on the long axis of the oval clockwise will elastically clockwise direction will (360° ), the flex spline Number of teeth of the Flexspline: zf Number of teeth of the Flexspline: 200
therefore mesh with the circular ~ deform  the flex spline,  move the flex spline coun-  movescounterclockwise by Number of teeth of the Circular Spline: ~ Zc Number of teeth of the Circular Spiine: 202
spline, while the teethonthe short ~ sequentially moving the footh  terclockwise by one tooth  two teeth based on the differ- > g‘ﬁ;‘fm "l‘z‘l’::: m?r?emr Reducon 1 _ ztze " gﬂﬁm ‘lf;':: plci':e"e"a“r Reduction _ _ 1 _ 200202 _ -1
axis of the oval perfectly detach ~ meshing positions with the  as a difference in the ence in the number of teeth Fixed: Circular Spiine | ™10 "TR T Fixed: Circular Spiine "TRiT 200 100
from the circular spline. circular spline. number of teeth. because the flex spline has
two teeth fewer than the » Input:  Wave Generator | Reduction . 1 20.7F > Input:  Wave Generator | Reguction . 1  202-200 1
Output: Circular Spline ratio il Output: Circular Spline ratio “R:. 202 101
Fixed: Flexspline R: Zo Fixed: Flexspline *

u Riindicates the reduction ratio value from the ratings table.



PrOduct SIZlng & selection m Example of model number selection

(Restricted by motors)
Emergency stop torque 3

|4

In general, a servo system rarely operates at a continuous load m Flowchart for selecting a size \l{g:au;tg;?::h application n_;a(tmgmﬁle :ﬂ&gxxlfgl:ﬁn; Lrl?tsa:eo:da] speed T
and speed. The Input rotational speed, load torque change and Please use the flowchart shown below for selecting a size. Time t ?sac'i Max‘ input s i max = 1800 rpm ;|
comparalhfely large torque are applied at start and stop. Operating conditions must not exceed the performance ,. s peed 3
Unexpected impact torque may be applied. ratings. QOutput speed n,(rpm) (Restricted by motors) =
32?:;2‘13‘:?1"%1.? %‘2’3:&222;"3 ?n"od"‘é?‘n'f.?i.'i;’;? - i p O s Emergency stop torque 8
As an accurate cross roller bearing is built in the direct external g:::(';"g (chézra"m) T1 =400 Nm, t1 = 0.3sec, n1 = 7rpm When impact torque is applied Ts=500 Nm, ts=0.15 sec, g_
load support (output flange), the maximum moment load, life of :;"tp‘”la s - ns = 14 rpm Z
the cross roller bearing and the static safety coefficient should (constant velocity) = g 122= S5, e = R e Required life
also be checked. Stopping (deceleration) T3 = 200 Nm, t3 = 0.4sec, n3 = 7rpm L4g = 7000 (hours)
f B = = =
mmn::nh wbad_rhrque sl ek T Dwell T4=0Nm, t4=0.2sec, na=0rpm
m Checking the application motion profile i 5 ' @m _MNN)'_ -
Review the application motion profile. Check the specifications Tav =-«J o 1o Jifn S flofr Bu b flafl Caloulats the average load torqus to the oulpu side based on the application motion profle: T av (N). @
shown in the figure below. W— ny ti4ng L2+ nn tn &
\ J — 3\jmm 0.3 sec _|400Nmf+14 rpm 3 sec [320Nmf+7 rom 0.4 sec [200NmP? =4
4 T T (" Make a preliminary model selection with the following conditions. | s 7 1pm 0.3 sect14 rpm 3 sect7 rpm 0.4 sec ®
.. Tav = Limit for average torque torque =3
T, (See the rating table of each series). ) x
- L J Make a preliminary model selection with the following conditions. T av =318 Nm = 620 Nm 8
g i ! i = = : (Limit for average torque for model number CSF-40-120-2A-GR: See the rating table on Page 39.) %
! ! ! Calculate the average output oMotz 2+ Ma B : ad.
E : \ Ta : . So66d heay i o T . Thus, CSF-40-120-2A-GR s tentatively selected §
3 : : . : { =
: : ] ] ; Time Obtain the reduction ratio (R). ni max
| | T/ | | | Alimitis placed on “ni max” by no max - Calculate the average output rotational speed: no av (rpm) — 7 rpm 0.3 sec+14 rppm 3 sect7 rpm QA'sac e §
" w fw & s §oa B 0.3sec +38ec+ 0.4 560 ¥ 0.2 56¢
= - - - - s Calculate the average input rotational ’ o :
5 L S | | ' spaed from the average output _ RRNTYS MECE O R 1800mm _ 066 = 120 @
g g : : : 4 bbpehntninie Ll ink g e B Calculate the average input roial;una] u;:ead from the L o)
n/ i ns | M/ = i : average output rotational speed (no av) and the reduction - - ]
§ : : \ / | “mm.m""mnm ralio (R Al ¢iam) niav=12rpm 120 = 1440 rpm %
| : | | ! rotational m the max. output  pj max = no max R Calculate the maximum input rotational speed from the
: : L : - e vt e maximum output rotational speed (no max) and the ni max = 14 rpm 120 = 1680 rpm &
*m, nz and nn indicate the average values. Time ’ reduction ratio (R): ni max {rpm) T— 3
[ ottt suey Mo ko osd oy Check whether the praliminary selected model g
followlng condition ; TR feek diellilonts Ni av = 1440 rpm = 3600 rpm (Max average input speed of size 40
| g tabe. . s ST K et ) :ﬂ_“:‘w*"“'mﬂmm“ Nln'nx-‘lmmrpn iiﬂﬂ?mr&ﬂ{mmmmd'm-wj ) g
0K \OKg o 3
Obtain the value of each application motion - . er——— :E
rofile. i i e T1 =400 Nm = 617 Nm (Limit of repeate torque of size =
P cflwm:jam-mnmmmmmwmkwa than the repeated peak torque specification. n_mm“"mﬁmd Wmmmdmﬂ] 5 -
Load torque Tn (Nm) | y J ; § %
Time tn (sec) W -E i
Output rotational speed N (rpm) v 5 2
r 1 Check whether Ts is equal to or less than the _ © &
Normal operation pattern Check whether Ta is less than the the momentary peak torque g icRge(iy Pl v Spaclicasion: = 500 bl 254 180;Nrm (it Tof mormeiziy o UR gfsize 50 I §
Starting (acceleration) T4, t1, N1 specification. @ g
Steady operation > ? % W E !
(constant velocity) Tz, t2, n2 v E £ 3
[S)t:pl?ing (CSEECEEon 13, :3- - Calculate the allowable number (Ns) rotation during impact ; § §
- S s lbbslension torque and confirm = 1.0x10¢ Ne=——12 = 1190 = 1.0x104 3
. number of rotations during _ 108 T 14 pm 120 ]
Maximum rotational speed Impact torque. N ns R Ns 2 T 0.15 sec
Max. output speed 2 —60 t :
Max. input rotational speed 2 .g
g £

g
When impact torque is applied  Ts, ts, ns culats the fetime. i ( 204 Nm | [ 2000 rpm : Q
Calculate the lfetime - "% |stenm T ) 3
Required life " Lyp=7000 (%r ( nln;v ){hours) ‘§
L1o =L (hours) Check whether the calculated Iife s equal fo or more than the ife of the wave generator (see Page 12). F
] Lo =7610 hours = 7000 (life of the wave generator: L10) a :
Check whether the calculated ife is equal to or more than the life of
the wave generator (see Page 13). W §

3 The selection of model number CSF-40-120-2A-GR is confirmed from the above calculations.

[ The model number is confirmed. ]




Lubrication

Component Sets: CSD-2A, CSF-2A, CSG-2A, FB-2, FB-0, FR-2,

SHF-2A, SHG-2A and SHD and SHG/SHF -250 and -2SH gear units:

Grease lubricant and oil lubricant are available for lubricating the
component sets and SHD gear unit. It is extremely important to
properly grease your component sets and SHD gear unit. Proper
lubrication is essential for high performance and reliability. Harmonic
Drive® component sets are shipped with a rust- preventative oil. The
characteristics of the lubricating grease and oil types approved by
Harmonic Drive are not changed by mixing with the preservation oil.
It is therefore not necessary to remove the preservation oil
completely from the gear components. However, the mating surfaces
must be degreased before the assembly.

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

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

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

* Contact us Iif you want consistency zero (NLGI No.0) for maintenance reasons.

Name of lubricant Table 016-1
Harmonic Grease® SK-1A

Harmonic Grease® SK-2

Harmonic Grease® 4B No.2

Industrial gear oil class-2 {extreme pressure) ISO VGB8

Temperature

Table 016-2

SK-1A 0°C to + 40°C

SK-2 0°C to + 40°C

4B No.2 -10°Cto + 70°C

ISO VGE8 0°C to +40°C

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

Note: The three basic components of the gear - the Flexspline, Wave Generator and
Circular Spline - are matched and serialized in the factory. Depending on the product

components are bled. If you units, please be careful not to mix
the matched components. This can be avoided by verifying that the serial numbers of
the assembled gear components are identical.

Grease lubricant

m Types of lubricant

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

Harmonic Grease® SK-2
This grease was developed for small sized Harmonic Drive® gears and
features smooth rotation of the Wave Generator since high pressure additive is
liquefied.

Harmonic Grease® 4B No.2
This has been developed exclusively for the CSF and CSG and features long
life and can be used over a wide range of temperature.

(Note)

1. Grease lubrication must have proper sealing, this is essential for 4B No.2.
Rotating part: Oil seal with spring is needed.
Mating part: O ring or seal adhesive is needed.

2. The grease has the highest deterioration rate in the region where the grease
is subjected to the greatest shear (near wave generator).
Its viscosity is between JIS No.0 and No.00 depending on the operation.

Table 016-3

0
00 400 to 430

Grease specification

Refined oil Criny

Base oil Refined oil hydrocarbon oil
Base Viscosity
¢St (25°C) 265 to 295 265 to 295 290 to 320
Thickening agent Li'll'litl.:l“ soap Lithium soap ida
G ‘ﬂ‘om"’” No. 2 No. 2 No.1.5
Additive Extreme-pressure | Extreme-pressure | Extreme-pressure
additive, others additive, others additive, others
Drop Point 197°C 188°C 247°C
Appearance Yellow Green Light yellow
5 years in sealed | 5 years in sealed | 5 years in sealed
R condition condition condition

-09—

m Compatible grease by size

Compatible grease varies depending on the size and reduction
ratio. See the following compatibility table. We recommend
SK-1A and SK-2 for general use.

Ratios 30:1 Table 016-5
SK-1A - [ - 1T —-—1T-"T6s ° °
SK-2 [} o o o = =
4B No.2 A A A pay =} o =]
Ratios 50:1* and above Table 016-6
SK-1A = = = - o o o
SK-2 o ) o o fay A A
4B No.2 = — o o o a] [u]

SK-1A o o o o o o o o
SK-2 A = = — = =
4BNo.2 o o o o o o o o

o : Standard grease

A\: Semi-standard grease

o : Recommended grease for long life and high load

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

Grease characteristics Table 016-7

Durability

Fretting resistance
Low-temperature performance
Grease leakage

Excellent : ©

Good %
Use Caution: A

o> |
e|>o|°
>oele

m When to replace grease

The wear characteristics of the gear are strongly influenced by the
condition of the grease |ubrication. The condition of the grease is
affected by the ambient temperature. The graph 017-1 shows the
maximum number of input rotations for various temperatures. This

not exceed the rated torque.

B Other precautions

an individual case when installed.

lubrication problems.

Qil lubricant

m Types of oil

Formula Symbols Table 017-1
graph applies to applications where the average load torque does Fe——— ol -
lorque exceeds rated lorque) revolutions
Calculation formula when the average load forque Grease change (if average load forque m!\‘gllnn- :
exceeds the rated torque Formula 0171 is equal o of less than rated lorque) | (e Grgn) See the Graph 017-1.
Rated torque Nm Efw "Ratings Table"
Average load torque Nm _g:l:;?;:"nﬂm"l’:
1. Avoid mixing different kinds of grease. The gear should be in
2. Please contact us when you use HarmonicDrive® gears at
constant load or in one direction continuously, as it may cause
3. Grease |leakage. A sealed structure is needed to maintain the high
durability of the gear and prevent grease leakage.
m See the corresponding pages of the design guide of each series for “Recommended
minimum housing clearance,” Application guide” and “Application quantity.”
The specified standard lubricant is “Industrial gear oil class-2 (extreme pressure) ISO VG68.”
We recommend the following brands as a commercial lubricant.
Table 018-1
M Idemitsu -
obil Oil Exxon Shell COSMO Oil | Japan Energy | NIPPON Qil Kosan General Oil Kliiber
Mobigear | Spartan | OmalaOil | Cosmogear | ESgear |BonockMes, [P=Pire suPerl CEEB B | syntneso
600XP68 EP68 68 SE68 G68 Bonock AX68 LWe8 roll 68 D-68EP

= When to replace oil
First ime «-esssereesmmsecemssssssess 100 hours after starting operation

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

condition is demanding.

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

Lubricant for special environments

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

High temperature lubricant Table 019-2
Grease Mobil grease 28: Mobil Oil —5°Cto+160°C
Qil Mobil SHC-626: Mobil Oil —5'Cto+ 140°C
Low temperature lubricant Table 019-3
Multemp SH-KII: Kyodo Oil -30°Cto +50'C
Srvomy Isoflex LDS-18 special A:
KLUBER ' S
SH-200-100CS: Toray Silicon | —40°Cto+140°C
Oil
Syntheso D-32EP: e 5
KLUBER 25'Cto+90°C

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

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

~10-
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Torsional Stiffness

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

m Stiffness

Fixing the input side (wave generator) and applying torque to the
output side (flexspline) generates torsion almost proportional to
the torque on the output side. Figure 018-1 shows the torsional
angle at the output side when the torque applied on the output
side starts from zero, increases up to +To and decreases down to
—To. This Is called the "Torque — torsion angle diagram,” which
normally draws a loop of 0 —A—B—A" —B' — A, The slope
described in the “Torque — torsion angle diagram” is represented
as the spring constant for the stiffness of the HarmonicDrive ®
gear (unit: Nm/rad).

As shown in Figure 020-1, this “Torque — torsional angle diagram”
is divided into 3 regions, and the spring constants in the area are
represented by K1, Kz and Ka.

Ki +--- The spring constant when the torque changes from [zero] to [T1]
Kz *--- The spring constant when the torque changes from [T1] to [T2]
K3 ---- The spring constant when the torque changes from [T2] to [T3]

m See the corresponding pages of each series for values of the
spring constants (K1, Kz, K3) and the torque-torsional angles
(T1, Tz, - 61, 02).

m Example for calculating the torsion angle

The torsion angle (8) is calculated here using
CSF-25-100-2A-GR as an example.

When the applied torque is T 1 or less, the torsion angle 8 11
is calculated as follows:
When the load torque T11=2.9 Nm
B =TulKi
=2.9/3.1x10*
=9.4%10°rad(0.33 arc min)

When the applied torque is between T 1 and Tz, the torsion
angle 6 .z is calculated as follows:
When the load torque is Ti.2=39 Nm
B2 =B1+(Ti-Ti)Ka
=4.4x10+ +(39-14)/5.0x10*
=8.4x104 rad(3.2 arc min)

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

* The torsion angle calculation is for the gear component set only and does
not include any torsional windup of the output shaft.

Note: See p.120 for torsional stiffness for pancake gearing .

=41=

® Hysteresis loss (Silk hat and cup style only)

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

m See the corresponding page of each series for the hysteresis

loss value.
Torque - torsion angle diagram Figure 20-1
Torsion angle
A
Hysteresis loss .
Torque
-To i 0 +Te B
Bl
AI
Spring constant diagram Figure 20-2
Torsion angle

Torque Limits

m Strength of flexspline

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

life for the Flexspline.

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

m Buckling torque

* See the comesponding pages of each series for buckling torque values.

m Ratcheting torque

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

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

Positional Accuracy

The values shown in the table are maximum values.

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

m Backlash (Silk hat and cup style only)

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

Vibration

The primary frequency of the transmission error of the

the system. Refer to the design guide of each series.

the transmission error is 2x the input frequency (rev / sec).

Figure 013-1
Circular Spline
When a highly excessive torque (16 to 17 times rated torque) is
applied to the output with the input stationary, the flexspline may
experience plastic deformation. This is defined as buckling torque.
"Dedoidal” condition.
Table 021-1
Positional Accuracy values represent the difference between the Transmission accuracy
theoretical angle and the actual angle of output for any given input. input angle
Actual output angle
Reduction ratio
Formula 021-1
Example of measurement Graph 021-1
—n _ B
Ber=0: ——
R
"3 AMARARRRAA A ARARRARARANARAN AN AN
: R AR
How to the calculate resonant
HarmonicDrive® gear may cause a vibration of the load inertia . This frequency of the system Formula 021-3
can occur when the driving frequency of the servo system including —
the HarmonicDrive® gear is at, or close to the resonant frequency of f= 21_ v %
i
The primary component of the transmission error occurs twice per Formula variables Hibis i
input revolution of the input. Therefore, the frequency generated by — s
system Hz
Spring constant Nmirad | See pages of each series
Load inertia kgm?

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

Farmula 021-2

N= 1—25 60 = 450 rpm

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

—-12-
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Rating Table Definitions

See the corresponding pages of each series for values.

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

= | imit for Repeated Peak Torque (see Graph 12-1)

During acceleration and deceleration the Harmonic Drive ® gear experiences a peak torque as a result of the moment of inertia of the
output load. The table indicates the limit for repeated peak torque.

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

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

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

® Maximum Average Input Speed Maximum Input Speed
Do not exceed the allowable rating. (calculation formula of the average input speed: Page 14).

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

Life of the wave generator w0121

m Life of the wave generator Life
The life of a gear is determined by the life of the wave SEaE A CSF, CSD, SHF, SHD, CSG, SHG
generator bearing. The life may be calculated by using the CSF-minl

Lo 7,000 hours 10,000 hours
input speed and the output load torque. Fic ) 35,000 hours 50,000 hours
* Life is based on the input speed and output load torque from the rating table.
Table 012-2

Ln Life of L1o or Lso

Calculation formula for Rated Lifetime Formula 012-1

Tr Rated torque

Nr Rated Input speed

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

Nav Average input speed (calculation formula: Page 14)

On starting torque

Starting torque refers to that when FH harmonic reducer is mounted on the shell and applied torque to the input side (high-speed side),
"start-up torque" produced by the instantaneous rotation of the output side (low-speed side). The values shown in the series tables are the
maximum and the lower limit is about 1/2-1/3 of the maximum.

On increasing starting torque

Increasing starting torque refers to that when FH harmonic reducer is mounted on the shell and applied torque to the input side (high-speed
side), "start-up torque" produced by the instantaneous rotation of the output side (low-speed side). The values shown in the series tables are
the maximum, and the lower limit is about 1/2 of the maximum.

Load-free operating torque

Load-free operating torque refers to the necessary input side (high-speed axle side) torque for rotating the FH harmonic reducer under no-load
conditions. For reduction ratios other than 100, please add the correction amount shown in each series to calculate.

Efficiency characteristics

Efficiency varies according to the following conditions.

B Reduction ratio
= Input speed
B Load torque
® Temperature
H Lubrication conditions (types and its amount of use)
m Efficiency correction oefficient
When the load torque is less than the rated torque, the efficiency decreases.

Please calculate the correction coefficient Ke according to the series of efficiency
correction coefficient tables, and calculate the efficiency by referring to the following
calculation example.

13-

Design Guidelines

Design guideline

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

and service life.

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

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

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

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

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

(5) The input shaft and output shaft are supported by anti-friction bearings.

As the wave generator and flexspline elements are meant to transmit pure
torque only, the bearing arrangement needs to isolate the harmonic gearing
from external forces applied to either shaft. A common bearing
arrangement is depicted in the diagram.

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

Fig. 024-1

J v
- .F' | linj%ﬁﬁ—@ -

&)

=]

Bearing support for the input and output shafts

For the component sets, both input and output shafts must be supported by two adequately spaced bearings in order to withstand external radial and axial
forces without excessive deflection. In order to avoid damage to the component set when limited external loads are anticipated, both input and output shafts
must be axially fixed. Bearings must be selected whose radial play does not exceed 1SO-standard C 2 class or “normal” class. The bearings should be

axially and radially preloaded to eliminate backlash.
Examples of correct bearing arrangements are shown in fig 025-1.

s

Qutput D O

" T od

Wave generator

m Structure of the wave generator

The wave generator includes an Oldham's coupling type with a self-aligning structure and an integrated solid wave generator without a self-aligning

structure, and which is used depends on the series.

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

Fig. 026-1 (4} Ball Separator
0 @ M ) g} s ggm""“ﬁm
{4} Insert
(5) Rubwasher
(8) Snap ring
(7) Wave generator hub

) )
Oldham's coupling Solid wave generator

Structure of Oldham'’s coupling Fig. 026-2
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m Maximum hole diameter of wave generator

Assembly Precautions

Hole diameter of the wave generator Fig. 027-1
The standard hole dimension of the wave generator is shown for Sealing
each size. The dimension can be changed within a range up to the _ Sealin : .

3 g : g recommendations for gear units Table 028-1 —
SWSCL T I5 10 GRS, Vi TRGERR ORI £48 B Sebct O iy W) @ Sealing is needed o maintain the high durability of the gear and prevent )
based on JIS standard. It is necessary that the dimension of grease leakage. Recommended for all mating surfaces, if the o-ring is not 3
keyways should sustain the transmission torque. H used. Flanges provided with o-ring grooves must be sealed when a proper =
* Tapered holes are also available. seal cannot be achieved using the o-ring alone. x’:r:hhh penetrate | Use O-ring (supplied with the product) g

) L e N sRotatingPars s Oil seal with spring is needed. Output 3.
In cases where a larger hole is required, use the wave generator ) . O-ring or seal adhesive is needed. side Sorew lock adhesive which has effective =
without the Oldham coupling. The maximum diameter ofthehole | | | [ [ —7V | o st S R Installation screw /bolt | gea {| OCTITE® 242 Is recommended)
should be considered to prevent deformation of the Wave Generator lock (LOCTITE® 242 is Flange surfaces Use O-ring (supplied with the product)
plug by load torque. The dimension is shown in the table below and recommended) or seal adhesive. Input T O I
includes the dimension of depth of keyway. _ _ o side | Motor output shaft TR
(This is the value including the dimension of the depth of keyway.) {Note) If you use Hanmonic Grease 4BNo.2, strict sealing is required. -
w0
Jli_j_‘ Assembly precautions %
The wave generator is installed after the flexspline and circular spline. If the wave generator is not inserted into the flexspline last, gear teeth scuffing damage =
or improper eccentric gear mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise and vibration, and can lead to early &
failure of the gear. For proper function, the teeth of the flexspline and Circular Spline mesh symmetrically. §
: : : Table 027-1 m Precautions on the wave generator m Precautions on the flexspline g
Hole diameter of the wave generator hub with Oldham coupling Unit: mm 1. Avold applying undue axial force to the wave generator during 1. Mounting surfaces need to have adequate flatness, smoothness, B8
installation. Rotating the wave generator bearing while and no distortion. =
inserting it is recommended and will ease the process. 2. Especially in the area of the screw holes, burrs or foreign matter should -
Standard dim. (H7)] 3 5 6 8 9 1 14 14 19 19 2 24 28 28 28 2. If the wave generator does not have an Oldham coupling, not be present. %’
i — g 4 5 £ g L 12 i L & £8 2 L] fodin para mist Ba Gven b stiaues 6L cancaiiioly ane 3. Adequate clearance with the housing is needed to ensure no interference
Maximum hole dim,| — = 8 10 13 15 15 20 20 20 25 30 a5 37 40 inclination are within the specified limits especially with the major axis of flexspline
= Precautions on the circular spline : 2 :
The circular Spline must not be deformed in any way during 4, Bolts s_hould rotate freely when |nst§lllng Ihrf:lugh the mounting holes of the

, : _ . Table 027-2 the assembly. It i particularly important that the mounting flexspline and should not have any irregularity due to the shaft boit holes

Maximum hole diameter without Oldham Coupling Unit: mm surfaces are prepared correctly being misaligned or oblique.

1. Mounting surfaces need to have adequate flatness,

smoothness, and no distortion.

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

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

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

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

6. Do not apply torque at recommended torque all at once.

First, apply torque at about half of the recommended value
to all bolts, then tighten at recommended torque. Order of

F tightening bolts must be diagonal.

7. Avoid pinning the circular spline if possible as it can reduce

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

Max. hole dia.¢V" | 10 14 17 20 23 28 36 42 47 52 60 67 72 84 95 specified torque. Tighten them in an even, crisscross pattern.

Min. plug thick. H§,| 5.7 6.7 7.2 7.6 11.3 11.3 13.7 15.9 17.8 19 214 235 | 285 | 313 | 349

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

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

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

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

m Axial Force of Wave Generator

When the gear is used to accelerate a load, the deflection of t he
Flexspline leads to an axial force acting on the Wave Generator. This
axial force, which acts in the direction of the closed end of the
Flexspline, must be supported by the bearings of the input shaft
{motor shaft). When the gear is used to decelerate a load, an axial
force acts to push the Wave Generator out of the Flexspline cup.
Maximum axial force of the Wave Generator can be calculated by il
the equation shown below. The axial force may vary depending on
its operating condition. The value of axial force tends to be a larger F
number when using high torque, extreme low speed and constant

Axial force direction of the wave generator Fig. 027-2

direction for Axial

diracﬁg for

operation. The force is calculated (approximately) by the equation. the rotational precision and smoothness of operation.
In all cases, the Wave Generator must be axially (in both ﬁmr _ foron In decalerstion

"Dedoidal" state

It is normal for the flexspline to engage with the circular spline symmetrically as

directions), as well as torsionally, fixed to the input shaft.
(Note)

Normal engagement status Fig.029-1  Deflection of the dial gauge Graph 029-3
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Please contact us for further information on attaching the Wave shown in Figure 029-1. However, if the ratcheting phenomenon, which is described +
Generator to the input (motor) shaft. on Page 013, is caused or if the three parts are forcibly inserted and assembled, | |/ Noral
engagement of the teeth may be out of alignment as shown in Figure 029-2. This % / 2 /“\
is called "dedoidal”. Note: Early failure of the gear will occur. - —
_ oy i o/ NS/ otational sngle of
Formula for Axial Force Table 027-3 = How to check "dedoidal 7 160° rotation s
[ roswctonato [ caoustonromua | crgmoomerta iedokar. e |
= Calculation example Formula 027-1 e — I
30 — o
F=2x%—3¢0.07xtan 32 Model name:  CSF series (1) Judging by the irregular torque generated when the wave generator turns _ Meauing e deleton on e body f e fespine Graph 0284
50 F=2x_Tx0,07xtan 30° Size: . 32 1) Slowly turn the input shaft with your hand in a no-load condition. If you it B sl £
D Reduction ratio: 50 can tum it with average force, it is normal, If it turns irregularly, it may be
Output torque: 382 Nm "dedoidal".
80 or more F=2x—1x0,07xtan 20° - -
D (maximum allowable momentary torque) 2) Tum the wave generator in a no-load condition if It is attached to a
382 motor. If the average current value of the motor is about 2 to 3 times the
F=2% ——  x0.07xtan 30° normal value, it may be "dedoidal”.
Symbols for Formula Tuie 372 R {2) Judging by measuring vibration on the body of the flexspline
F Axial Torce N See Figure 0272 amna by d 4 P
D Size m F=380N The scale deflection of the dial gauge draws a sine wave as shown by the AR
T Output torque Nm solid line in Graph 029-3 when it is normally assembled. When "dedoidal" L]

accurs, the gauge draws a deflected wave shown by the dotted line as the
flexspline is out of alignment.
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CheCking Output Bearing How to calculate the average load

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

A precision cross roller bearing is built in the unit type and the gear head . —
type to directly support the external load (output flange) (precision 4-point When the radial load and axial load vary, the life of cross roller bearing can be Q
contact ball bearing for the CSF-mini series). determined by converting to an average load. g-
Please calculate maximum moment load, life of cross roller bearing, and =4
static safety factor to fully maximize the performance of a housed unit How to calculate the average radial load (Frav) Formula 031-1 Graph 031-1 £
(gearhead). =

o

m See the corresponding pages on each series for main bearing
specifications.

Checking procedure

{1) Checking the maximum moment load (Mmax)

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

Fr’

»-Time

Fr?

| Radialload +
ol
-~

adfy Jusuodwod seuss 4S9/989

(2) Checking the life Far

+
Calculate the radial load (Frav) and the average Calculate the radial load coefficient (x Calculate :
axial load (Faav). e ' - and the axial load coefficient (y). ® P Jifetime How to calculate the average axial load (Faav) Formula 031-2 E — /
J) : ® »Time
(3) Checking the static safety coefficient 5 \/
Calculate the static equivalent | ___| Check the static - b :: &
radial load coefficient (Po). safety coefficient. (fs)

How to calculate the maximum moment load

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

| Outputspeed +
]

How to calculate the average output speed (Nav)

w
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w
X
m
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w
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=
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o
=

=

-
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Formula030-1 External load influence diagram Fig. 030-1 Formula 031-3
_ _ 2
o
Symbols for Formula 030-1 Table 030-1 Fixed 7
Fmax | Max. radialload | Nikgf) See Fig. 030-1. §,
w
il e Nikaf) SeaFig. 0301, How to calculate the radial load coefficient (X) and axial load coefficient (Y) §
=
Lt La _— m See Fig. 030-1. S
— - - - o
. =N See Fig. 030-1 and "Specification of Formula 031-4 g
U | ot | v b [ ormma e | X | Y | 3
@
Faav <15 i il
Acial load Frav+2 (Frav(Lr+R) + Fav+ La) /dp »n
Faav . T
>t — — >15 0.67 0.67
e Lr R Frav+2 (Frav(Lr+R) + Fav+ La) /dp 8
@
Symbols for Formula 031-4 Table 031-1 §
See "How to calculate the average
Frav | Average radialload | N(kgf)| joad." See Formuia 031-1. 3
: o | See "How to calculate the average
Faav | Averageaxialload | Nkgf) Jood* So6 Formuia 0312, '§
Lr, La m | See fig. 030-1 5.
I See Fig. 030-1 and *Main roller
= ' i bearing specifications” of each series §
dp | Pitchcircle diameter m | SeeFig. 0301 and "Specification of
of a roller the output bearing" of each series.




Life of the output bearing Featu res
Calculate life of the output bearing by Formula 032-1.
You can calculate the dynamic equivalent radial load (Pc) by Formula 032-2.
CSG/CSF Gear Unit

Formula 032-1 ?
CSF/CSG are housed component gear sets combined with a e
precision cross roller output bearing & flange. A highly rigid cross 3
roller bearing Is built in to directly support (output bearing) the 8
external load. They are a very compact, robust and easy to use a
gearhead solution. CSF and CSG are also available in lightweight )
Symbols for Formula 032-2 i versions. W
Symbols for Formi::: 032-1 Table 032:1 Frav | Average radialload | N(kgf) | Se¢ How o celouate he average
Li hour — . —
_ R < | See "How to calculate the average
Nay | AVerege outputraied | See *How to caluiate the Faav | Averageaxalload |N(KeD) | ™ oyueos Fomuia 0312,
. load speed ! average load.” 4 Pitch circle See Fig. 030-1 and "Specification of the Feat £
Basic dynamic See "Specification of the output P diameter - output bearing” of each serles. SHIIBS D
e rated load NCkgf) | ™ boaring" of each series. o)
- o . _ X  |Radial load cosfficient | — See Formula 031-4. = Zero backlash @
w Load coefficlent — See Table 032-3. Y | Axalload coefficient | — See Formula 031-4. = High-torque capacity -
High stiffness o
Load coefficient Table 032-3 Lr, La —_— m 030-1. =
I ST e e = Hohsosorl and iaons scoracies .
Sea Fig. 030-1 and ofthe
Steady operation without Impact and vibration 11012 R o m u&umwm“ g
Normal operation 12015 — = : ” tructure of CSG/CSF seri i =
Operation with impact and vibration 15103 Mave |Average momentioad | Nm i iascinicosins. e P B sFv.cse %
Circular Spline
- : B . CSG high torque
How to calculate life during oscillating motion + 30% Higher torque than CSF series.
Calculate the life of the cross roller bearing during oscillating . thgﬁ: has been improved by 43% (10,000 hours) compared
motion by Formula 033-1. B it oA :

CSF: standard torque
= Reduction ratio of 30:1 included for high-speed

CSF/CSG-LW series: Lightweight (sizes 14 to 45)
* 30% average lower weight than Standard Series.
« Same performance as CSF/CSG series.

w
o
@
72}
X
=y
w
8
=

=
o
=5
D
=

=

-
L1+

Symbols for Formula 033-1 Table 033-1
Rated life for
Loc oscillating motion hour =
Round trip oscillati
¥ cachminute | ™ — Output flange
c |Basic dwic rated | (kat)
po | Dynemicoquvelent |N(kgf)|  See Formuis 032:2.
fw Load coefficient — See Table 032-3. (Note) A small angle of oscillation (less than 5 degrees) may cause fretting
0 Oscillating angle 2 | Degre See Fig. 033-1. m to ocour since lubrication may not circulate properly. Contact us

How to calculate the static safety coefficient m W

Basic static rated load is an allowable limit for static load, but its limit is determined by usage. In this case, static safety

g I ; 5 B B e N
ool amen Tt Lo he s WF::HT_";‘:“’Z N Vertical multi-joint robot Horizontal multi-joint robot i Example of direct-connected servo motor

adAy jusuodwod seues aso

w
X
- M 2
N ¢
Symbols for Formula 034-1 Table 034-1 Symbols for Formula 034-2 Table 034-2 [ ﬁ
Basic static See "Specification of the ) 8
Ca rated load NI | output bearing" of each series. i e o See "How fo calculate g
po | Swllcsquvalent | Nggh)|  SeeFormuia034-2. Famax |  Max. axial load NG} | the madmum moment H 3
: - ~| load" on Page 030. o
s o = —
Static Safety Coefficient Tabis 0348 Mmax | Max. momentioad | Nm(kgfm) Ll @ || 2
e | | o | SR syt | | ot gt :
When high rotation precision Is required =3 : ' * In accordance with this assembly example, * In accordance with this asssmbly example,
When shock and vibration are expected =2 a seal structure is needed to prevent grease leakage a seal structure is needed to prevent grease leakage
Under normal operating condition =15
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Ordering Code Ordering Code
CSG -25-100-2UH - SP CSF -25 -100 - 2UH - SP

—|
)
H Y H Z 3 3 H Q
H : : : H : i =
H i H H . : =
H H : H H H LT . H : o
H H H H i H : H ; =)
v : ; v S y ' Y e
s canti Series Size Ratio " Model Special specification 5
Series Size Ratio Model Special specification 7] 30 50 80 100 — —
14 50 80 100 = — 17 30 50 80 100 120 =
17 50 80 100 120 — 20 % | s0 | s | 10 | 120 | 160 W= Lighiweight
20 50 80 100 120 160 25 30 50 80 100 120 160 gﬁ;%ﬂrﬂﬂ'ﬂw (sizes 14 fo 45)
5E =S o 55 5 5 2A= Component type LW= Lightweight . 3 30 50 80 100 120 | 160 2U.I=Ur|ltmwlhhp|.l SP=  Special spaciication code
2UH= Unit type SP= Special specification code 40 — 50 80 100 120 160 shaft 2
- a2 50 80 100 120 160 20 = Unit type with Input shaft = s — &h % o 20 180 Blank=Standard product
40 50 B0 100 120 180 Blank= Standard product 50 — 50 80 100 120 160
45 50 80 100 120 160 58 = 50 80 100 120 160
50 — 80 100 120 160 86 = 50 80 100 120 160
58 = 80 100 120 160 *1 The reduction ratio value is based on the following configuration: Input: wave generator, fixed: circular spline, output: flexspline
85 = g0 100 120 160 *2 Contact us for details.

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

*2 Contact us for detalls.
o Rating table

Rating table m CSF Series Table 127-1

® CSG Series Table 126-1 L'ﬂﬂ{_ﬂfﬂw Limit for Momentary ~ Maximum Input Limit for Average Moment of

g’ )
g
g
£
z
kS

Peak Torque Speed (rpm) Input Speed (rpm) Inertia

Limit for Momentary ~ Maximum Input Limit for Average Moment of ol e oi Grease 3
Peak Torque Speed (rpm) Input Speed (rpm) Inertia Nibricant Nbvicant ! | fubficant. lubsicant | ‘s1b *I'm' *10 “gtms?
Ol  Gresse Ol | Grease ] 3 30 | 40 0.41 9.0 0.69 1.7 g
lubricant lubricant | lubricant lubricant | x{0kgrf 10" kgfms’ 50 | 5.4 0.56 18 18 6.9 0.70 36 36 )
g0 | 70 | o7 2 23 9 0s | 46 4.7 - 80 | 78 | 080 | 23 24 | 11 1.4 R el el Mol Kl e 7
14 80 10 1.0 a0 3.1 14 14 587 597 | 14000 | 8500 | 6500 | 3500 | 0.083 | 0.034 00| 7.8 0.80 28 29 1 14 54 5.5 T
100 10 10 a8 a7 14 14 587 597 30 8.8 0.90 16 1.6 12 1.2 30 3.1 w
50 | 21 21 a 45 3 34 81 9 50 | 18 1.8 34 35 26 28 70 7.1 é
80 29 29 56 57 35 36 1097 1172 17 80 22 22 43 4.4 27 2.7 ar 8.9 10000 7300 6500 3500 0.079 0.081
L) 100 | 31 32 70 72 51 TaE A bl NE. NE - AL AR 100 ] 24 2.4 64 5.5 39 4.0 108 1 g
120 | a1 32 70 7.2 51 52 | 109% | 117 201 24 24 4 CE G i & B
50 | 33 33 73 74 44 45 127 13 | 18 15 27 25 25 20 50 51 3
80 | 44 45 96 98 B1 8.2 165 7 : §: g; = f_; 3: 3': 19:7 :g 3
20 100 | 52 53 107 109 64 6.5 191 20 10000 | 6500 | 6500 | 3500 | 0.193 | 0.187 20 106 L o = 5 55 T = 10000 | 6500 | 6500 | 3500 | 0.193 | 0.197 =
120 | 52 | 53 | 113 | 115 | 64 | 65 | 191 | 20 ] e e e §
160 | 52 5.3 120 122 [ 8.5 191 20 160 | 40 41 92 9.4 49 5.0 147 15
50 51 52 127 13 72 7.3 242 25 30 27 2.8 50 5.1 38 3.9 95 9.7
80 82 84 178 18 113 12 332 34 50 | 38 4.0 o8 10 55 5.6 186 19 o
25 100 | 87 89 204 21 140 14 369 38 7500 | 5600 | 5600 | 3500 | 0.413 | 0421 80 | 63 6.4 137 14 87 8.9 255 26
120 87 | 89 | 217 | 22 | 140 | 14 4 4 . 100 67 | 68 | 167 | 16 | 108 | 41 | 284 | 20 | '°0C | 5600 [ 6600 | 3500 | 0413 | 0.421 g
160 | 87 8.9 23 140 14 *4 *4 120 | 67 6.8 167 17 108 1 304 31 w
50 29 10 281 29 140 14 497 51 160 | 67 6.8 176 18 108 11 314 32 @
80 | 153 16 385 40 217 22 738 75 30 | 54 5.5 100 10 75 7.7 200 20 §'
32 100 | 178 18 433 44 281 29 841 86 7000 | 4800 | 4600 | 3500 1.69 1.72 S0 76 7.8 216 ';’f 10: 11 382 38 o
120 | 178 18| 4% 47 | 281 2 | 8% 91 a2 a8l 12 12 1 oos = 17 | 568 | 58 | 7000 | 4800 | 4600 | 3500 | 168 | 1.72 -
160 | 178 18 484 49 281 29 892 91 00 9% 14 S o &6 . L5 i -é
% 478 18 53 255 % 862 o1 120 | 137 14 353 36 216 22 686 70 ot
i = == = — - tom) o 160 | 137 14 372 38 216 22 686 70 &
50 | 137 14 402 41 196 20 686 70 ]
40 100 | 345 a5 738 75 484 49 1400 143 5600 | 4000 | 3800 | 3000 | 4.50 459 S = > 3 S5k = o 5 =
120 | 382 | 39 | 802 586 | 60 | 1510 | 154" 2 218 %
s = &t = 568 > R ] 40 100 | 265 27 568 58 372 38 1080 110 | 5600 | 4000 | 3800 | 3000 | 450 | 4.59
120 | 294 30 617 63 451 46 1180 120
50 | 229 23 650 66 345 35 1235 128 160 | 294 30 647 &6 451 46 1180 150
80 | 407 a 918 94 507 52 1651 168 %0 | 176 6 500 = 265 — 950 o7
45 100 458 47 282 100 650 68 2041 208 5000 3800 3300 3000 8.68 B.86 B0 313 az 706 72 380 40 1270 130
120 | 523 53 1070 108 806 82 233 45 100 | 353 36 755 77 500 51 1570 160 | 5000 | 3800 | 3300 | 3000 | 868 | B.86
160 523 1147 17 819 84 2483 253 120 402 41 823 84 620 1760 180
80 | 484 49 1223 125 676 69 2418 247 160 | 402 41 882 90 830 64 1910 195
100 | 611 1274 130 866 88 2678 273 50 | 245 25 715 73 350 36 1430 148
5 120 | 688 | 70 | 1404 | 143 | 067 | 108 | 2678 | 273 | 4500 | 3500 | 3000 | 2500 | 125 | 128 80 | 372 | 38 | a1 | ® | 518 | 53 | 1860 | 190
160 | 688 70 1534 156 1096 112 3185 325 50 100 | 470 48 980 100 666 68 2060 210 | 4500 | 3500 | 2000 | 2500 | 126 | 128
80 | 714 73 1924 196 1001 102 3185 325 120 | 528 54 1080 110 813 B3 2060 210
100 | 905 92 2067 211 1378 141 4134 422 160 | 529 54 1180 | 120 843 88 2450 | 250
58 120 969 o9 1547 158 43729 441 4000 3000 2700 2200 273 27.8 50 176 18 1020 104 18 27 1960 200
180 969 09 2392 244 1573 160 4459 455 80 5489 56 1480 151 770 79 2450 250
80 | oes %0 2743 280 1352 138 1555 25 58 100 | 696 71 1690 162 | 1060 108 | 3180 325 | 4000 | 3000 | 2700 | 2200 | 27.3 | 279
: 120 | 745 76 1720 176 | 1190 121 3330 340
1 1236 126 2990 305 1976 202 7
65 1: ) — = =T e —— :7: :£ 3500 | 2800 | 2400 | 1900 | 468 478 160 | 745 76 1840 188 | 1210 123 | 3430 350
: . 50 245 25 1420 145 360 27 2830 2889
160 | 1236 126 3419 349 2041 208 6175 630 o5 | a8 = I R o5 | o6 T 5 .
(Note) 1. Moment of inertia: I= i‘l’ oD? 65 100 | ®51 a7 2300 | 235 | 1520 155 | 4750 | 485 | 3500 | 2800 | 2400 | 1900 | 468 | 478
: i i - 120 | 951 97 2510 256 1570 160 4750 485
2. See "Engineering data" on Page 12 for detalils of t.he. terms. N ) 160 | 851 o7 2630 568 1670 160 4750 285
3. The value of allowable max momentary torque is limited by the transmission torque of the unit. (See table 138-1, 2 on p.138.) 1
4, When using LW series, see the transmission torque of the unit (Table 138-3, 4 on p.138) for the allowable maximum momentary torque. (Note) 1. Moment of inertia: |=4-GD?

21_ 2. See "Engineering data" on Page 12 for details of the terms. 25



Outline Dimensions m Table 128-1

You can download the CAD files from our website: www.3fgearbox.com Unit: mm
Symbol Size 14 17 20 25 32 40 45 50 58 65 -
A 73 78 83 107 138 160 180 190 226 260 3
B* 415% % | 455 % %o 62°% | 725% | 795% % | 1045 & 115 % =
Cc 34 37 38 46 57 66.5 74 85 a7 108.5 o
. CGSaies 1 7n | 8% | 7su | e | sum | en | 5% | s | 755 | esu %
C0F Seaes 75 8% | 75% | 6% 5% 6% | 55% | 6% | 75% | 85% ]
E 27 29 28 36 45 50.5 58 68 7 84.5
i F 1 ] 10 10 12 16 16 16 20 24
G 2 2 3 3 3 4 4 4 5 5
CSG Series 3.5 4 5 5 5 5 6 6 <] 6 .
CSG-LW Series 4 4 5 5 45 4.5 6 ] 6 6 3 4
H CSF Series 35 4 5 5 5 5 6 8 6 B &
CSF-LW Series 4 4 5 5 4.5 45 6 6 ] 6 el
CSG Series 05 05 0.5 05 1 15 1 1 15 15 [
L CSG-LW Series 1.1 1.1 1.1 11 1.2 1.6 1.6 1 1.5 1.5 g’
CSF Series 0.5 1.1 1.1 11 12 1.6 1.6 1 1.5 1.5 =0
Fig. 128-1 CSF-LW Series 1.1 1.1 1.1 1.1 1.2 1.6 1.6 1 1.5 1.5 $
_ M1 9.4 9.5 9 2 15 5 E 8 10 10 - §
M2 - - - - - - - - 4 8/
CSG Series
CSGLW Series 18.5 207 215 2186 236 28.7 30.5 348 38.3 446 a
N CSF Series B
CSFE-LW Sefies 176 18.5 2041 202 22 27.5 279 32 349 40.9 % A
@O h7 56 63 72 86 113 127 148 158 186 212
CSG Series 56 62 70 85 112 123 147 157 185 210
CSG-LW Series 54.6 61.6 69.6 85 110 124.5 143 155 183.4 208.4 g:’
L CSF Series 55 62 70 85 112 123 147 157 185 210 o)
CSF-LW Series 54.6 61.6 69.6 85 110 124.5 143 155 1834 20B8.4 g:’
CSG Series 42,5 48.5 58 73 96 108 127 137 161 186 m
CSG-LW Series 40.5 47.5 55.5 7 91.1 103 123 130 155 180 o
*Q CSF Series 42.5 49.5 58 73 96 108 127 137 161 186 g
~ CSF-LW Series 40.5 47.5 55.5 i 91.1 103 123 130 155 180 §
g- R1 H7 11 10 14 20 26 32 32 40 46 52 g
@R2 H7 3 - < - 4 = = - - 142 g=:
@S 8 T 10 15 20 24 25 32 38 44 a
QT h7 38 48 56 67(68) 80 110 124 135 156 177 =1
QU H7 6 8 12 14 14 14 19 19 22 24
v - - 138 & | 16.3 & 1638 | 1632 218&| 2188 | 248 0| 273 %
W Js9 - - 4 5 5 5 6 (i} 6 8
X 23 27 32 42 55 68 82 84 100 110
Y 6 8 8 8 8 8 8 8 8 8
r4 M4x8 M5x10 MEx9 MBx12 M10x15 | M10x15 | M12x18 | M14x21 | M16x24 | M16x24 o
a 1 1 1.5 15 1.5 2 2 2 25 25 W
ob 65 7 82 96 125 144 164 174 208 236 g
CSG Serles 8 8 8 10 12 10 12 14 12 8 @
. CSG-LW Series 6 8 [:] 10 12 10 16 18 16 12 §
CSF Series 6 6 6 8 12 8 12 12 12 8 5
25 (Size 14) - 3(size 17) CSF-LW Series 6 8 8 10 12 10 16 18 16 12 B
ﬁ ) od 45 45 5.5 5.5 6.6 9 9 9 1 14 §
2-M3x4 (Size 14) =l E‘ pe 38 45 53 66 86 106 119 133 154 172 5
2-M3x6 (Size 17) CSG Series 8 8 8 10 12 10 12 14 12 8 i
" e 2 t CSG-LW Series 6 8 8 10 12 10 16 18 16 12 %
| I" :I_: ‘i‘_‘_ ! CSF Series 6 6 6 8 12 8 12 12 12 8
¥ o | g CSF-LW Series ] 8 ] 10 12 10 16 18 16 12
1 e 8 & _ér ! g M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
— | i h 29.0x0.50 34.5%0.80 | 40.64x1.14 | 53.28x0.99 S71 AS568-042 S100 5105 8125 5135
= L 55 i 550 56 s67 80 s105 | s125 | s145 | s155 | s180 | 205
L]—‘ e =y B ok 31 38 45 58 78 20 107 112 135 155
{ om 10 105 155 20 27 34 36 39 46 56
EI—L Q i 3 r - 214 235 23 29 37 39.5 45.5 53 62.8 66.5
M :_ CSG-L:I ;:m 11 0.8 1 14 14 33 35 22 34 3.9
7 CSF Series
Shape of the wave generator hub for size The shape on the output side Enlarged view of the input side CSF-LW Series - 2 o L 3 L 64 5 6.8 7.6
14 and 17 (no keyhole) of size 65 Py 14 18 21 26 26 32 32 az 40 48
CSG Serles 0.52 0.68 0.98 1.5 32 5.0 7.0 8.9 14.6 20.9
(Note) m that the Ila;gltth oiTl |:: path %f‘ nog::t I?f thie bolt will be  within the depth of the female screw. If the length exceeds the size indicated Mass (kg) ﬂ r::f'“ g-g gg g-g :; gj g-g g-; 579 j‘l-g ;g-:
e W , Z, itwi m e ne. . . . o . o E ' o
e 4 CSF-LW Series 0.32 0.46 0.64 1.1 22 3.5 5.1 i 11.3 16.2
* The shape of the outpul flange may vary depending on the size. Contact us for details. * Check the confirmation drawing for de tails of the sizes.
* See Fig. 040-3 on Page 40 for the shapes of the wave generator. The dimension tolerances that are not specified vary depending on the manufacturing method. (nofg1} the dimension in pargnthaais is for reduction ratio 30.
Please check the confirmation drawing or contact us for dime nsion tolerances not shown on the drawing. @ *The B, D, and t values indicate relative position of individual gearing @ Wave generator is removed when the product is delivered.
components (wave generator, flexspline, circular spline). Please strictly e CSF & CSG-LW available in sizes 14 to 45.

adhere to these values when designing your housing and mating parts.
-23- 24—



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

Size

Unt: X10*rad (arc min)

Table 150-1

Ratio Specioation 14 17 20 25 32 40 to 65
Standard 5.8 4.4 44 44 44 =
@ product [©3) (1.5 (1.5) (1.5) 1.5) —
Special — - 29 29 29 —
product = = D) D) [ED) =
Standard 44 44 29 29 29 2.9
— product 1.5 1.5) [CP) ) Z)) [Th)
Special 29 29 15 1.5 1.5 1.5
product o [&D) 0.5) €0.5) 0.5) 0.5)
See Engineering data” for a description of terms. v
o bich 14 17 20 25 32 40 or more
% *10-rad 8.7 8.7 8.7 8.7 8.7 —
arcmin 3.0 3.0 3.0 3.0 3.0 =
" *10rad 58 5.8 5.8 5.8 58 58
arc min 20 2.0 2.0 2.0 20 2.0
80 or *10rad 29 29 29 2.9 29 29
more P 10 1.0 1.0 1.0 10 1.0
A EEETENTYY see “Engineering data" for a description of terms.
Table 150-3
Ritia S 14 17 20 25 32 40 45 ) 58 65
s “0md | 29,1 16.0 136 138 11.2 = — = = =
arosec 60 33 28 28 23 = = = = =
50 x0%ad | 17.5 9.7 82 8.2 6.8 88 58 58 48 48
arc sec 36 20 17 17 14 14 12 12 10 10
- “0hmd | 1.2 6.3 53 53 44 44 3.9 39 2.9 2.9
== 23 13 1 1 9 9 8 8 6 6
pro= wiotad| 8.7 48 a4 4.4 34 34 2.9 2.9 24 24
arcsec 18 10 9 9 7 7 6 6 5 5
— 0 ad — 3.9 39 3.9 2.9 29 24 2.4 19 19
arc sec —_ 8 8 8 6 6 5 5 4 4
P 10 *rad = = 29 29 24 24 19 18 15 15
arc sec — —_— -] B 5 5 4 4 3 3
EEEEETOENY .. = nincoring daia’ for a description of terms,
Table 150-4
P B 14 17 20 25 ) 40 45 50 58 65
- nn| 2.0 39 7.0 14 29 54 76 108 168 235
kgm| 020 0.40 0.70 14 3.0 55 7.8 11 17 24
T, nm| 6.9 12 25 48 108 196 275 382 598 843
wm| 0.7 12 25 49 1 20 28 30 61 86
W | 0Nwms|  0.19 0.34 0.57 1.0 24 — — — — =
kgffaremin | 0.056 0.10 0.17 0.30 0.70 = = = = —
i | o] 0.24 0.44 0.71 13 3.0 — — — — —
fmarcmin| 007 0413 0.21 0.40 0.89 = = = = =
1o | xioNmra|  0.34 0.67 1.1 241 49 — — - — =
Redution fmiacmin| 0,10 0.20 0.32 0.62 15 = = = = =
mto | o xiotad| 105 115 123 14 121 = — — — —
H acmin| 38 4.0 4.1 47 43 — = = = =
2 «0'md| 31 30 38 40 38 = = = = —
acmin| 107 10.2 12.7 134 133 — — — — =
i || 0.34 0.81 13 2.5 5.4 10 15 20 31 44
mn| 041 0.24 0.38 0.74 186 3.0 43 59 9.3 13
K | xoNmrea| 047 14 1.8 34 7.8 14 20 28 44 61
gmacmin|  0.14 0.32 0.52 1.0 23 42 6.0 8.2 13 18
Reduction| | xio'Nmims| 057 13 23 44 2.8 18 26 34 54 78
";‘: S kgtmeremin| 047 0.4 0.67 13 29 53 76 10 16 23
4 «ovad| 5.8 49 5.2 55 55 52 52 55 5.2 52
acmin| 2.0 1.7 1.8 19 1.9 18 18 1.9 18 18
a 0tad 16 12 154 15.7 157 15.4 15.1 15.4 15.1 151
acmin| 58 42 53 54 54 53 52 53 5.2 52

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

25—

Table 151
s 17 20 25 32 45 65
Nm X 39 7.0 14 20 76 235
kgtm 0.20 0.40 0.70 1.4 3.0 55 7.8 11 17 24
T Nm 6.9 12 25 48 108 196 275 382 508 843
! kgtm 0.7 1.2 25 49 1 20 28 39 61 86
K *10*Nmirad 047 1 16 31 6.7 13 18 25 40 54
kgimarcmin | 0.14 03 047 0.92 20 38 54 74 12 16
K *10*Nm/rad 0.61 14 25 5.0 1 20 29 40 61 B8
kgimiare min 0.18 04 0.75 1.5 3.2 6.0 B85 12 18 26
Reduction| s =10*Nmirad 0.71 1.6 29 5.7 12 23 33 44 71 98
ratio kgtmiare min 0.21 0.46 0.85 1.7 37 6.8 9.7 13 21 29
B0 or q *10"rad 4.1 39 4.4 44 44 41 4.1 44 4.1 44
i acmn| 1.4 13 15 15 15 14 1.4 15 1.4 15
a *10™rad 12 9.7 11.3 1141 116 11.1 111 111 111 1.3
arc min 4.2 33 3.9 3.8 4.0 38 38 38 3.8 3.9
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
Starting torque See "Englnesring data” for a description of terms. As the values in the table below vary depending on the use conditions,
use them as reference values. Table 151-2
m CSG Series Unit: Nem
50 4.5 B. 8.6 34 B 85 — — =
80 31 44 54 10 21 39 54 73 108 154
100 28 37 47 8.8 20 34 47 64 97 132
120 — 34 42 8.0 17 31 43 57 88 121
160 — — 3.6 6.9 15 26 36 50 75 102
Table 151-3
m CSF Series Unit: Nem

50 4.1 6.1 7.8 15 3 55 7 110 1 220
80 28 4 49 9.2 19 35 49 66 98 140
100 25 34 43 8 18 3 43 58 88 120
120 — 31 38 73 15 28 39 52 80 10
160 — — 33 6.3 14 24 33 45 68 03
Backdriving torque Ses "Enginesring data® for a description of terms. As the values In the table below vary depending on the
use conditions, use them as reference values. Table 1%
m CSG Series Unit:
45
- : . 9.9 36 ¥ —
80 18 33 53 10 21 36 53 69 106 154
100 2 36 56 11 22 40 56 75 121 165 |
120 = 39 6.1 12 24 43 61 80 121 176 |
160 — — 7 14 29 51 70 94 143 198 |
m CSF Series Tnalr‘igmrﬁ

58888 |
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Ratcheting torque See "Engineering data" for a description of terms.

Table 132-1
m CSG Series Unit: Nm
Size
Rafio 14 17 20 25 32 40 45 50 58 65
50 110 180 280 580 1200 2300 3500 — — —
80 140 260 450 880 1800 3600 5000 7000 10000 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 — 150 310 610 1200 2400 3600 4800 7500 10000
160 — — 280 580 1200 2300 3300 4600 7200 10000
Table 132-2
m CSF Series Unit: Nm
Size
K 14 17 20 25 32 40 45 50 58 65
30 59 100 170 340 720 — — — i =
50 88 150 220 450 9880 1800 2700 3700 5800 7800
80 110 200 350 680 1400 2800 3900 5400 8200 11000
100 84 160 260 500 1000 2100 3100 4100 6400 9400
120 — 120 240 470 980 1800 2800 3800 5800 8300
160 — — 220 450 980 1800 2600 3600 5600 8000
Buckling torque See "Engineering data" for a description of terms.
Table 1323
m CSG Series Unit: Nm
Total reduction ratio 260 500 800 1700 3500 6700 8900 12200 19000 26600
Table 1
m CSF Series Unit: Nm
Size 14 17 20 25 32 40 45 50 58 65
Total reduction ratio 190 330 560 1000 2200 4300 5800 8000 12000 17000

No-load running torque

No load running torque indicates the torque which is needed to Measurement condition
rotate input of the gear, "Wave Generator”, with no load on the

output side (low speed side). Harmonic Grease SK-1A
= :

Harmonic Grease SK-2
Quantity Recommended guantity

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

Grease Name
lubrication

* Contact us for oil lubrication.

Table 132-6
Compensation value for no-load running torque Unit: Ncm
m Compensation Value in Each Ratio Rato . = = o
No-load running torque of the gear varies with ratio. — 14 g e 0.2
The graphs indicate a value for ratio 100. L g T8 = T =
For other gear ratios, add the compensation values 20 1 23 05 03 08
from table on the right. : ' ]
25 8.8 38 0.7 05 -1.2
32 16 74 1.3 0.9 2.2
40 —_ 12 21 -1.5 -3.5
45 — 16 2.9 2.1 4.9
50 — 21 ar -26 6.2
58 — 30 5.3 3.8 8.9
65 — 41 7.2 -5.1 -12

sy

m No-load running torque for a reduction ratio of 100;1

Input speed: 500rpm

_‘--"'\-\. | E——
10%§

No-ioad running torque {Ncm)
I
2 B B E5BER
Size

>

‘“—10 o 10 20 30 40

Amblent Temparature (°C)
Input speed: 2000rpm
10000 ——e—=or Grumh 1383

f/

/r‘

/

/f

I
L

=3B B B 253888
Size

0'1-10 1] 10 20 30 40

Ambient Temperature (°C)

Input speed: 1000rpm

o000 —__Gmhid

Il

:
i

100

/

10

No-load running torque (Nom)
EIB Y BE58ER
Size

-10 0 10 20 30 40

‘Ambient Temperature (°C}
Input speed: 3500rpm
10000 Graph 1334
o0
. — —

e

To—

~] —

1m%
0

No-oad running torque (Nom)

= — 8
e a2 w
—_—

] 1o ] 25

10

17
14
1

01

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

*Tha values in this gruph am average values(X). o=<20%

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

Input rotational speed

m Load torque

m Temperature

= Lubrication (Type and quantity)

m Efficiency compensation coefficient

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

Calculation Example

Measurement condition Table 134-1

Installation | Based on recommended tolerance.

forque | The rated torqus shown n the rating table (see page 126 and 127)
o N Harmonic Grease SK-1A
i M Harmonic Grease SK-2

Lubricant | |,brication

Quantity | Recommended quantity

Efficiency n (%) under the following condition is calculateed from

the example of CSF-20-80-2A-GR.

Input rotational speed: 1000 rpm

Load torque: 19.6 Nm

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

Lubricant temperature: 20°C

Since the rated torque of size 20 with a reduction ratio of 80 is 34

Nm (Ratings: Page 127), the torque ratio o is 0.58.

(a =19.6/34=0.58)

m The efficiency compensation coefficient is Ke=0.93 from Graph
134-1.

m Efficiency n at load torque 19.6 Nm: n=Ke -nR=0.93 x 78=73%

Efficiency compensation coefficient Graph 134-1

1.0 T

0.8
- = Efficiency at the rated torque
0.6 /

0.5 /

04

Tblquauhnu=mn“
0.3
L HEREN

o-
01 02 03 04 05 06 0.7 08 09 1.0
Torque ratio

Compensation coefficient Ke

* Efficisncy compensation cosfficient Ke=1 holds when the load torque is greater
than the rated lorque.

—28—
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m Efficiency at rated torque (Size 14) Checking output bearing

A precision cross roller bearing is built in the unit type to directly
support the external load (output flange).
Ratio 30 Ratio 50, 80 Ratio 100 Check the maximum moment load, life of the bearing and static &
i Graph 135-1 466 Graph 1352 563 Graph 135-3 safety coefficient to fully bring out the performance of the uni t type. =
= ee es "Engineeri ata" for each calculation formula. =
S 30 to 34 of "Eng ng data" for each calculation formul =
920 20 20 gP_
m Checking procedure =3
80 __ 80 _ 80 p—rr gp %
x 70 500pm g 70 — ] mm & 70 /-"_"::: 2000rpm (1) Checking the maximum moment load (Mmax)
L | —1 — 1 3500pm S
§ 00/’:’/’:’::::::# 3500pm 'g 80//,/;/ E 60////////// [Calmlahminum moment load (Mmax). MMmm moment load (Mmax) S allowable moment (Mc)
E
50/// — W g5 / // W gg /] / / : .
/// '// //// (2) Checking the life o
40 40l 4 40 - . Calculate the radial load coefficient (x) and the axial load (28
7 3% / o=3% // 3% [cmmm-mdummmmumummwmm »{ sl chh.l&thulﬂm S
30 30 30 9
" oo t (3) Checking the static safety coefficient g)
%0 0 10 20 30 40 %0 0 10 20 30 40 % o0 10 20 30 40 | Colcuato the st equivlent raial load cooffcent (Po). | Chec the stati saety cooficent. () 7
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C) ©w
8
m Output bearing specifications -g
The specifications of the cross roller are shown in Table 136-1. §
Specifications CSG Series/CSF Series Table 136-1 %’
m Efficiency at rated torque (Sizes 17 to 65) d;‘_t?; :igzr Offset Basic rated load Moment stiffness
Basic dynamic rated load Basic static rated load
» s c Co *10 “Nmirad  k =
gfmi are min "
Ratio 30 Ratio 50 Ratio 80, 100 m m x10 N kgf 10N @
Graph 1354 ; Graph 135-5 . Graph 135-6 14 0.035 0.0095 47 480 60.7 620 41 4.2 4.38 1.3 L
100 00 00, 17 0.0425 0.0095 529 540 755 770 64 65 7.75 23 n
20 % 90 20 0.050 0.0095 57.8 590 90.0 920 91 9.3 12.8 38 §’
[ 800rpm 25 0.062 0.0115 96.0 980 151 1540 156 16 242 72 2
80 500rpm BO =] 1000rpm 80 = = wm““ 32 0.080 0.013 150 1530 250 2550 313 32 53.9 16 S
= 70 A sooom < J_/Iﬁ"/’—-:ﬁ oomm = 70 ///—/,4/-" 3500rpm 40 0.096 0.0145 213 2170 365 3720 450 6 1.0 27 3
< ’/ == =] Aso0y < [l < AP 45 0.111 0.0155 230 2350 426 4340 686 70 141 42 S
- B P m// // E 50// P 50 0.119 0.018 348 3550 602 5140 758 77 171 51 -
. // . // //// 58 0.141 0.0205 518 5290 904 9230 1180 120 283 84
5 S0 5 50 7 % 50 / 7 65 0.160 0.0225 556 5670 1030 10500 1860 190 404 120 §
40 AD / 40 / * Basic dynamic rated load is a constant radial load where the basic dynamic rated life of CRB is 1 x 106 rotations.
r o=3% W 0=3% / o=3% * Basic static rated load is a static load where the value of moment rigidity is the average value.
30 30 30 * The value of the moment stifiness is the average value. 8
o
2% 0 10 20 30 40 2% 0 10 20 30 40 D50 10 20 30 40 7
- - 1 E: Recommended Tolerances for Assembly @
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C) §
Recommended tolerances for assembly Fig. 137-1
Ratio 120 Ratio 160 e 8
100 Graph 135-7 100 Graph 135-8 _g
90 90 Zal 3
=———""1 1000rpm 500pm 2
80 ::: 2000rpm 80 —— 1000rpm §
Rl P DS
E &0 ///// E BO// // // // - wn
%50//// % 50 / // i ATa :-.
7 7 7 -
0L A =3% 40 /// 0=3% g
@
30 30 / 7 ®»
/ e g
2% 0 10 20 30 40 2% 0 10 20 30 40 : Table 137-1 L
Ambient Temperature (C) Ambient Temperature (C) —~ Unit: mm B
] =3
Snbd 14 17 20 25 32 40 45 50 58 65 §
a 0.010 0.010 0.010 0.015 0.015 0.015 0.018 0.018 0.018 0.018 E
b 0.010 0.012 0.012 0.013 0.013 0.015 0.015 0.015 0.017 0.017 §
c 0.024 0.026 0.038 0.045 0.056 0.060 0.068 0.069 0.076 0.085 @
d 0.010 0.010 0.010 0.010 0.010 0.015 0.015 0.015 0.015 0.015
e 0.038 0.038 0.047 0.049 0.054 0.060 0.065 0.067 0.070 0.075

20 =30-



DeS| g n G u |de CSG series: Installation of case side and transmission torque Table 138-2

Size 14 17 20 25 32 40 45 50 58 65
Installation accuracy ltem

Number of bolts 8 8 8 10 12 10 12 14 12 8 —
For peak performance of your gear, maintain the recommended tolerances shown in Figure 137-1 and Table 137-1. Bolt size M4 M4 M5 M5 M6 M8 M8 M8 M10 M12 g
=¥,
Recommended tolerances for installation Fig. 137-2 Piich circle mm 65 71 82 96 125 144 164 174 206 236 =1
: g, 137+ Ssors | N 45 45 9.0 9.0 153 37 a7 37 74 128 8
- =
-“ vanemission | Nm | 182 196 365 538 1200 2100 2844 3251 5717 6293 e
capaity (bol only) &

(Table 138-1, 138-2/Notes)
1. The material of the thread must withstand the clamp torque.
L 2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.

3. Torque coefficient; K=0.2 7]
] 4, Clamp coefficient: A=1.4 @
5. Tightening friction coefficient p=0.15 8
b |
CSF series: Bolt connection to output flange and resulting transmission torque § 2
Size a
= 14 17 20 25 32 40 45 50 58 g
Number of bots B 6 8 8 8 8 8 8 8 8
Bolt size M4 M5 M6 M8 M10 M10 M12 M14 M16 M16 5'_
o« [x 2 e
od shaft Wave o on surface Clamptorgue | Nm 45 9 15.3 a7 74 74 128 205 319 319
tolerance mhh
n N
Boton) m 49 91 204 486 1108 1258 2200 3070 4980 5480 C:E'
Table 137-2 )
Recommended Tolerances for Assembly Unit: mm I
5 i 14 17 20 25 32 40 45 50 58 65 ) ) ) o g:
ik CSF series: Bolt connection to output flange and resulting transmission torque Table 139-2 =
a 0.011 0.015 0.017 0.024 0.026 0.028 0.027 0.028 0.031 0.034 Si 2
" 0.017 0020 | 0020 | 0024 | 0024 | 0032 | 0032 | 0032 | 0032 | 0032 o 2 17 20 25 32 40 45 50 58 65 3
(0.008) (0.010) (0.010) (0.012) (0.012) (0.012) €0.013) (0.015) (0.015) (0.015) Number of bolts 6 6 6 8 12 8 12 12 12 B =
g 0.030 0.034 0.044 0.047 0.050 0.063 0.065 0.066 0.068 0.070 Bolt size M4 M4 M5 M5 M6 M8 M8 M8 M10 M12 -g
(0.016) (0.018) (0.019) (0.022) (0.022) (0.024) (0.027) (0.030) (0.033) (0.035) Pitch circle mm 65 71 82 96 125 144 164 174 206 236 =1
* The value in the parentheses indicates that input (wave generator) is a solid wave generator, Clamp torque Nm 45 45 9.0 9.0 15.3 37 37 37 74 128 §
Torque
Installation and transmission torque | N 137 147 274 431 1200 1680 2860 3040 5670 6310
Fig. 138-1 8
(w)
(Table 1398-1, 139-2/Notes) @
. 1. The material of the thread must withstand the clamp torque. =3
Output flange side . 2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9. @
3. Torque coefficient: K=0.2 8
=J 4. Clamp coefficient: A=1.4 %
‘ 5. Tightening friction coefficlent y=0.15 2
= =
S olde ® Precautions on installing the load to the output flange (Sizes 14 to 25) z
- ; : L @
m; Y As the distance (see the size symbol “L” in Figure 128-1 o¢f Page 128)
between the oil seal on the output flange periphery and the edge w
= = B output flange (rotor) is short for the gear units sizes 14, 17, 20 and 25, the %
load may interfere with the oil seal. Produce a design so that the load
CSG series: Installation of output flange side and transmission torque Table 138-1 N SRR PT §
e Size | 44 17 20 25 32 40 45 65 Q
Number of bolts 6 6 8 8 8 8 8 8
Bolt size M4 M5 M8 M8 M10 M10 Mi2 M14 M16 M16
Pitch circle mm 23 27 32 42 55 68 82 84 100 110
Clamp torque Nm 54 10.8 18.4 45 89 89 154 248 383 383
tonamiesion | Nm 58 109 245 580 1220 1510 2624 3690 5981 6579
capacity (bolt only)
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Installation of a motor

m Motor mounting flange

A motor mounting flange is required for installing a motor. The
recommended size and precision of the basic part of the motor
mounting flange is shown in Table 140-1.

Table 140-1
Unit: mm
o Size 14 17 20 25 az 40 45 50 58 65
a 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05
b 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05
c 0.015 0.015 0.018 0.018 0.018 0.018 0.021 0.021 0.021 0.021
pA 73 79 83 107 138 160 180 190 226 260
t 3 3 4.5 4.5 4.5 6 6 6 7.5 7.5
T 38HT 48BH7 56HT7 B7H7 80H7 110H7 124H7 135H7 156H7 177THT

m Installation procedure

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

Table 141-1

Unit: mm

Reference drawing for
installation

<500 | <625 | <815 |<100.0 | <1135 | <1245 | <147 | <167 |Installation procedure-1 (Fig. 141-1)

=500 | =625 | =815 | =100.0 | =1135 | =1245 | =147 | =167 |instaliation procedure-2 (Fig. 141-2)

Fig. 141-1
] Installation procedure-1
— =i (1) (1) Install the mounting flange on the motor mounting surface.
(2) Install a wave generator on the motor output shaft.
(3) Install the main unit.
- =] —-(3)
Fig. 141-2
] Installation procedure-2
—— =} ——(3) (1) Install the mounting flange on the main unit.

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

surface.
m Precautions on assembly
It is extremely important to assemble the gear accurately, in proper
sequence. Perform assembly based on the following precautions.
Precautions regarding the wave generator Rust-prevention

1. Avoid applying undue axial force to the wave generator during Although Harmonic Drive® gears come with some corrosion
installation. Rotating the wave generator bearing while inserting  protection, the gear can rust if exposed to the environment.
It 1s recommanded and will ease the process. The gear external surfaces typically have only a temporary

2. If the wave generator does not have an Oldham coupling, ext ra corrosion inhibitor and some oil applied. If an anti-rust product

care must be given to ensure that concentricity and inclination z contact
are within the specified lmita:(sbe “Instaliafion scouscy" of each  1© o0 PlGase e

series on Page 137).
Other precautions
1. Is the flatness of the mounting surface poor or distorted?

2. Is any embossment of the screw hole area, burr or trapped foreign
matter found?

3. Have chamfering and relief working of the corner been performed to
prevent interference with the area of installation of the unit?

-33-

Fig. 1421
Grease lubrication is standard for the CSF/CSG gear units.
Harmonic Grease SK-2 Is for sizes 14 and 17, and Harmonic a
Grease SK-1A is for sizes 20 to 65 (Harmonic Grease 4B No.2
for the cross roller bearing). Harmonic Grease 4B No.2 is also \
available for long-life and for use in a wide temperature range. _ ,
(see "Engineering data" for the specifications of the grease). ;1// :E%
b
See table below for recommended housing dimensions. These : - ¢ 7’%
dimensions must be maintained to prevent damage to the gear [;é /
and to maintain a proper grease cavity. %
W
A ; 3 L
Q
Recommended housing dimensions “l.llj:ﬂ:“r:-r;
Symbol 14 17 20 25 32 40 45 50 58 65
a" 1 1 1.5 1.5 1.5 2 2 2 25 25
a8 3 3 4.5 45 4.5 6 6 6 75 75
@b 16 26 30 37 37 45 45 45 56 62
* Horizontal and vertical: when the wave generator is below
** Vertical: when the wave generator is above
m Other precautions
Fill the gap between the wave generator and the input cover (motor
flange) with grease to use the wave generator facing upward or
downward (see Figure 048-3 on Page 48).
m Sealing area and the recommended sealing method
Sealing Is needed to maintain the high durabliity of the gear and for the unit type Table 142-2
prevent grease leakage
g kag Area requiring sealing ?:z::?nr;nn?entgzg
« Rotating Parts - Oil seal (with a spring). Surface Bt
should be smooth (no of the output mma“r::m Use O-ring (supplied with product)
scratches) Output | output flange mating face
* Mating flange .- O-ring and seal adhesive. Take side Screw lock agent with ssaling effect
care regarding distortion on the s e ey (LOCTITER 242 & recormiianied)
plane and how the O-ring is Flange mating face Use O-ring (supplied with product)
engaged.
= Screw hole area «..wvessssssrmrerssnsns Screws should have a thread Input Please select a motor which has an
lock (LOCKTITE 242 is side Motor output shaft oll seal on the output shaft.
recommended) or seal
adhesive.

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

Rust prevention

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

Multi-joint Robot Fig. 143-1

Horizontal Multi Arm Robot Fig. 144-1

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

Direct Connection to a Servomotor Fig. 144-2

5 0O N0

Optional Input Shaft Fig. 144-3
CSF/CSG-2UJ with optional input shaft

= Contact us for details

Features

Hollow shaft (2UH) Simplicity unit (2S0/25H)

Configurations

The SHG/SHF gearheads are available in 4 variations allowing
the customer to choose the best configuration for their
application.
= Large-diameter hollow shaft: (2UH)
m Input shaft (2UJ)
m Easier to use: Simplicity unit (2S0)

Hollow shaft simplicity unit (2SH)

Structure of the SHG/SHF series gear unit

SHG/SHF series gear units

The SHG/SHF series gear unit is an easy-to-use gearhead solution.

An accurate, highly rigid cross roller bearing is built in to directly
support the external load.

Features

Zero backlash

Large bore with hollow through hole
Input shaft option available

Flat shape, compact and simple design
High-torque capacity

High stiffness

High-positional and rotational accuracies
Coaxial input and output

Series

SHG: high torque

« Torque capacity has been improved by 30% compared to the SHF
series.

+ The life has been improved by 43% (10,000 hours) compared to
the SHF series.

SHF: standard torque
= Reduction ratio of 30:1 added for high speed.

Fig. 228-1

CRB GCRB inner ring
Output shaft “:__' = L/ : Circular spline

Output shaft

Wave
generator

Flexspline =
= CRB outer ring
[ Hollow shaft(2uH) |
CRB CRB inner ring
2

Fl line
(output shaft) ™

i K
Retaining bolt YD CRB outer ring
B o
| Simplicity unit (280) |

CRB CRB inner ring

Output shaft B - 174 } Circular spline

Input shaft | E—

Flexspline

CRB outer ring

[ Input shaft (2UJ) |

CRB inner ri
CRB "

Circular spline
(fixed part)

(input }

Retaining bolt CRB outer ring

[ simplicity unit (28H) |
* CRB: Cross roller bearing
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Ordering Code

SHG - 25-100- 2UH - _SP

Ordering Code
SHF - 25-100- 2UH - SP

H
:
*

T

H
H

H

v v

.

Trsssnsssssesn,
H

\

pesns

v Table 229-1

Series Size Ratio *1 Model Special specification
14 50 80 100 — —
17 50 80 100 120 — 2A-GR =Component set
20 50 80 100 120 160 22:-1"\:" )for sizes —_—
25 i sl 100 | 120 | 160 | 4. pgliow shatt SP = Special specification
_ 32 50 80 100 120 160 | 2Uj= Inputshatt ol
40 50 80 100 120 160 280= Simplicity unit
45 50 80 100 120 160 (Std. structure ) Blank = Standard product
50 = 80 100 120 160 | 2SH= Simplicity unit
58 — 80 100 120 160 (Hollow shaft)
65 = 80 100 120 160

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

Technical Data

Rating table

m SHG series

Maximum input

spaed (rpm)

Table 230-1

Limit for average
input spaed (rpm)

= o Gwme Ol o
lubricant lubricant lubricant lubricant
5 | 7O 07 23 23 9 0.9 46 47
14 80 10 1.0 30 34 14 14 61 62 14000 | 8500 6500 3500
100 | 10 10 36 37 14 14 70 72
50 | 21 2.1 44 45 3 24 a1 )
80 | 20 29 56 57 35 36 113 12
= 100 | 31 32 70 72 51 52 143 15 ERE I - e
120 | 31 32 70 72 51 5.2 112 11
50 | 39 33 73 74 24 45 127 5
80 | 4 45 96 9.8 61 6.2 165 17
20 100 | 82 53 107 109 64 65 191 20 10000 | 6500 6500 3500
120 | 82 63 113 1.5 64 65 191 20
160 | 82 53 120 122 54 65 191 20
50 | 51 52 127 13 72 73 242 =
80 | 82 84 178 18 113 12 332 ]
2 00 | 87 8.9 204 21 140 14 360 38 7500 5600 5600 3500
120 | 87 8.9 217 22 140 14 305 40
10 | 87 8.9 23 140 14 408 42
50 | 99 10 281 20 140 14 297 51
80 | 153 16 305 40 217 2 738 75
32 100 | 178 18 433 44 281 29 841 86 7000 4800 4600 3500
120 | 178 18 459 a7 281 29 802 91
160 | 178 18 484 49 281 29 802 91
50 | 178 18 523 53 285 26 Bo2 51
80 | 268 27 675 69 369 38 1270 130
40 100 | 345 35 738 75 484 49 1400 143 5600 4000 3600 3000
120 | 382 39 802 82 586 60 1530 156
160 | 282 39 841 ) 586 60 1530 156
50 | 228 23 650 66 345 35 1235 126
80 | 407 4 918 o4 507 52 1851 168
45 100 | 459 7 982 100 650 66 2041 208 5000 3800 3300 3000
120 | 523 53 1070 108 806 a2 2288 233
160 | 523 63 1147 17 819 84 2483 253
80 | 484 20 1223 125 675 69 2418 247
100 | 611 62 1274 130 866 88 2678 273
e 120 | 88 70 1404 143 10857 108 2678 273 — g i s
160 | 688 70 1534 156 1086 112 3185 325
80 | 714 73 1924 196 1001 102 3185 325
100 | 908 02 2067 211 1378 141 4134 42
- 120 | 969 o9 2236 228 1547 158 4329 441 4000 S 2700 2200
160 | 969 9 7392 244 1573 160 4450 455
80 | 969 ) 2743 280 1352 138 4836 193
100 | 1238 126 2990 305 1976 202 8175 630
85 120 | 1236 126 3263 333 2041 208 6175 630 i 20 2100 L
160 | 1236 126 3419 349 2041 208 8175 630

(Note) 1. Moment ofinertia : I= 1aD 2
2. See Rating Table Definitions on Page 12 for details of the terms.

o

H H 4
H 1

sassassnsnnes

v

' v v v Table 228-2
Series Size Ratio "1 Model Special specification

12 | — 50 — 100 — —
14 30 50 80 100 — i 2A-GR =Component set
17 30 50 80 100 120 . (&A-g)form
20 30 50 80 100 120 | 160 Wi Bl LW = Lightweight

SHE 25 30 50 80 100 120 | 160 2UJ=  Input shaft SP = Special specification
32 30 50 80 100 120 | 160 2SO = Simplicity unit code
40 — 50 80 100 120 | 160 (Std. structure ) _
45 — | 50 B0 | 100 | 120 | 160 | 2SH= Simplicity unit Bleyic= Sindapd prodoct
50 — 50 80 | 100 | 120 | 160 (Hollow shatt)
58 S, 50 80 100 120 | 160

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

*2: Size 11 Is only available in SHF-2UH

Rating table

m SHF series

Limit for
average torque

Maximum input
speod (rpm)

il

lubricant

Table 231-1

Limit for average
Input speed (pm)

Grease Oil Grease
lubricant lubricant lubricant

50 ; ; :
i 100 5 0.51 1 142 8.9 0.91 25 zsy | MO | 850 920 300
30 | 40 0.41 5.0 0.92 68 0.69 17 17
5 | 54 055 18 18 69 070 35 36
" 80 | 78 0.80 23 24 11 14 47 48 Ao | (600 o 3500
10| 78 0.80 2% 28 1 11 54 55
30 | 88 0.90 16 16 12 12 30 31
50 16 16 % 35 % 26 70 74
17 80 2 22 5] 44 27 27 87 89 10000 7300 6500 3500
00| 24 24 5 55 38 %0 110 11
120 | 24 24 54 55 38 40 8 88
) 5 15 27 28 20 20 50 5.1
50 25 25 56 57 34 35 ) 10
80 3 a5 74 75 a7 48 127 13
a3 100 | 40 4 82 8.4 29 50 147 15 AG900 it o0 s
120 | 40 4.1 87 8.9 49 50 147 15
160 | 40 41 92 94 49 50 147 15
) 27 28 50 5.1 38 38 9% 07
50 39 40 98 10 55 58 188 19
80 63 64 1a7 14 a7 839 255 %
% 100 | 67 6.8 157 16 108 11 284 29 Ta00 G600 be0g 9500
20| e 68 167 7 108 11 304 31
160 | 67 68 176 18 108 11 314 32
30 54 55 100 10 75 77 200 20
50 76 7.8 216 2 108 1 382 )
80 | 118 12 304 31 167 7 568 58
32 100 | 137 14 333 24 216 2 647 66 000 4800 4600 3500
120 | 127 14 353 3 216 2 686 70
160 | 137 14 an 38 216 2 686 70
50 | 137 % 202 4 196 20 686 70
80 | 206 21 519 53 284 2 980 100
40 100 | 265 27 568 58 an 38 1080 110 5600 4000 3600 3000
120 | 204 30 617 63 251 6 1180 120
160 | 204 30 647 66 451 6 1180 120
50 | 176 18 500 51 265 27 950 o7
80 | 313 2 706 72 380 40 1270 130
45 100 | 383 3 755 77 500 51 1570 160 5000 3800 3300 3000
120 | 402 41 823 84 620 63 1760 180
160 | 402 41 882 0 630 o4 1910 195
50 | 12 12 715 73 175 18 1430 146
80 | are a8 941 % 519 53 1880 180
50 100 | 470 48 980 100 666 88 2060 210 4500 3500 3000 2500
120 | 520 54 1080 110 813 83 2060 210
160 | 529 54 1180 120 843 86 2450 250
50 | 176 18 1020 04 260 27 7960 200
80 | 549 56 1480 151 770 79 2450 250
s8 100 | 6% 71 1500 162 1060 108 3180 325 4000 3000 2700 2200
120 | 745 76 1720 178 1190 121 3330 340
160 | 745 76 1840 188 1210 123 3430 350

{Note) 1. Oil lubrication is standard for gear units size 50 or larger with a reduction ratio of 50. Use grease lubrication

within half the rated torque.
2. Moment of inertia : I= @D *

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

4. Size 11 Is only available in 2UH.
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Positional accu racy See "Engineering data” for a description of terms.

Table 232-1

Standard | * 107'red — 5.8 4.4 4.4 4.4 4.4 —
" product arc min = 2 1.5 15 1.5 1.5 —
Special | * 107rad — — — 2.9 2.9 29 —

product arc min - — — 1 1 1 —

Standard | *107%d|  5.8(4.4) 4.4 4.4 29 29 29 29

0 product arc min 201.5) 15 1.5 1 1 1 1
Special | * 107rad == 29 2.9 1.5 1.5 1.5 1.5

product arc min — 1 1 0.5 0.5 05 05

Note 1: * The parenthesized value of size 11 indicates the value for reduction ratio 100,

WEEECCRCETIDY o “ngineering dats for a description of terms.

Table 232-2
Reo | Hies 11 14 17 20 25 32 40 or more
* 107%ad _ B.7 87 8.7 8.7 87 —_
a0 P — 3.0 3.0 3.0 30 3.0 —
* 107m 58 58 58 58 58 58 58
= e 20 2.0 2.0 2.0 2.0 20 2.0
P * 1020 5.8 29 29 29 29 29 29
more acin 2.0 1.0 1.0 1.0 1.0 1.0 1.0
Backlash " -
See "Engineering data” for a description of terms. Sk
e ke 104 14 17 20 25 32 40 45 50 58 65
T R— 29.1 16.0 13.6 13.6 1.2 — = = — —
30 il — 60 33 28 28 23 — — — — —
*10%ma| Note 1 175 97 8.2 82 68 58 58 58 48 =
%0 arcsec| Note 1 36 20 17 17 14 14 12 12 10 —
PTSTY R— 12 6.3 53 53 44 24 39 39 29 29
80 acses|  — 23 13 11 11 9 9 8 8 [ 6
*10°a| Note 1 8.7 48 44 44 34 34 29 29 24 24
o arcssc| Note 1 18 10 9 9 7 7 6 6 5 5
PETSTRVY E— = 39 39 39 29 29 24 24 19 19
120 o — 8 8 8 6 6 5 5 4 4
| — = = 2.9 29 24 24 19 19 15 15
160 aec|l. — = = 6 6 5 5 4 4 3 3
Note 1: For size 11, the wave generator is a solid wave generator. See "Engineering data” for details.
Torsional stiffness See "Engineering data* for a description of terms.
Table 232-4
Siza
Sy 11 14 17 20 25 32 40 45 ) 58 65
nm| 0.8 20 39 70 14 29 54 76 108 168 235
T km| 0.082 0.2 0.4 0.7 14 3.0 55 7.8 1 17 24
Nm| 2.0 6.9 12 25 48 108 196 275 382 598 843
To wm| 0.2 0.7 12 25 4.9 11 20 28 ag 61 86
. ArNmrad| | — 0.19 0.34 057 1.0 24 — — — — —
K | iomcnn]  — 0.056 0.10 017 0.30 0.70 = — = —= =
«toNmired|  — 0.24 0.44 0.71 13 30 — — — — —
K o] — 0.07 0.13 0.21 0.40 0.89 — = — = =
» 10*Nmirad — 0.34 0.67 11 21 49 — _ — — —_
e iR 0.10 0.20 0.32 0.62 15 = = = — =
- «10tma|  — 105 115 123 14 12.1 = — — — —
! k| — 36 40 4.1 4.7 43 — — — — —
“oad|  — 31 30 38 40 38 = = = — —
O | — 10.7 10.2 12.7 13.4 13.3 — — — — —
< 10Nmirad| 0.2 0.34 0.81 13 25 54 10 15 20 31 o
i mn| 0.066 0.1 0.24 0.38 0.74 16 30 43 5.9 93 -
«1oNmired| 0.3 0.47 11 18 34 78 14 20 28 44 =
K ™ marcmn|  0.09 0.14 0.32 052 1.0 23 42 6.0 82 13 =
Ndmﬂgﬂn T 0.32 0.57 13 23 44 9.8 18 26 34 54 _
s gacmin| 0.096 017 04 0.67 13 29 5.3 76 10 16 =
«1ma| 36 5.8 49 52 55 55 52 52 55 52 =
& acmin| 1.2 20 17 18 1.9 1.9 1.8 18 1.9 1.8 =
«10md| 8.0 16 12 15.4 15.7 15.7 15.4 15.1 15.4 15.1 =
O wemn| 2.8 56 42 53 54 54 53 52 53 52 —

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

39—

Table 233-1
Syl Sze | 44 14 17 20 25 32 40 45
Nn| 0.8 20 39 | 70 14 29 54 76
T om| 082 | 02 04 | 07 14 30 | 55 | 7.8 1 17 24
No| 2 6.9 12 25 48 108 | 196 | 275 | 382 | 598 | 843
Li | 0.2 0.7 12 25 | 49 11 20 28 39 61 86
«tonma|  0.27 | 047 1 16 | 34 6.7 13 18 25 40 54
K | gmaomn| 008 | 014 | 03 | 047 | 082 | 20 | 38 | 54 7.4 12 16
«ionmd| 034 | 061 | 14 | 25 | 50 11 20 29 40 61 88
fotucton| | gmawmn| 01 | 048 | 04 | 075 | 15 32 | 60 | 85 12 18 26
ratio «ionwmt| 044 | 071 | 16 | 29 | 57 12 23 33 44 71 98
o K gmeomn| 013 | 021 | 046 | 085 | 17 3.7 6.8 9.7 13 21 29
wighd 3 41 39 | 44 | 44 | 44 | a1 41 44 | 41 44
O | 14 13 15 15 15 14 14 15 14 15
cima| 6 12 97 | 113 | 111 | 116 | 114 | 114 | 111 | 114 | 113
O | 22 | 42 33 | 39 | 38 | 40 | 38 | 38 38 | 38 | 39

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

SEIa BRI (V=Y see "Engineering data" for a description of terms.

Table 233-2
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=7 pis 14 17 20 25 32 40 45 50 58 65
atio
50 110 190 280 580 1200 2300 3500 = — —
80 140 260 450 880 1800 3600 5000 7000 10000 | 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 = 150 310 610 1200 2400 3600 4900 7500 10000
160 — — 280 580 1200 2300 3300 4600 7200 10000
Table 233-3
m SHF series UnitNm
Rt Pl 14 17 20 25 ) 40 45 ) 58
30 — 59 100 170 340 720 — — — —
50 34 88 150 220 450 980 1800 2700 3700 5800
80 - 110 200 350 680 1400 2800 3900 5400 8200
100 43 84 160 260 500 1000 2100 3100 4100 6400
120 — — 120 240 470 980 1900 2800 3800 5800
160 — = - 220 450 980 1800 2600 3600 5600
=T RG] (s [IE8Y" See "Engineering data" for a description of terms.
Table 233-4
m SHG series Unit: Nm

Size 32 40 45 50 58 65

Total reduction ratio 210 420 700 1300 2800 5200 7600 10400 16200 22800
Table 233-5
m SHF series Unit:Nm

Size 45 50 58
Total reduction ratio 90 140 270 440 890 1750 3750 5400 7500 11800
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Checking output bearing Recommended tolerances for assembly

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

Please calculate maximum moment load, life of cross roller bearing, m Flexspline fixed 5'
and static safety factor to fully maximize the performance of housed unit (gearhead). Input: Wave generator %
Qutput: Circular spline =

See Pages 030 to 034 of "Engineering data" for each calculation formula. Fixed: Flexspline g
Q

Hollow Shaft (2UH) Fig.235-1  Input shaft (2UJ) Fig. 235-2 g-

m Checking procedure

; e ]
(1) Checking the maximum moment load (Mmax) Fixed r X
‘ Calculate the maximum moment load (Mmax). »{ Maximum moment load (Mmax) = allowable moment (Mc) IﬂﬂE Output
(2) Checking the life =
‘ Calculate the radial load (Frav) and the average axial load (Faav). »{ Calculate he radial load coefficient (x) and the axial load »{ Calculate the ifetime

coefficient (y).

(3) Checking the static safety coefficient

Calculate the static equivalent radial load coefficient (Po), b Check the static safety coeflicient. (fs)

o
©
&
@
g
2
8
=l

b
2

=1

Table 235-1
Unit: mm

m Qutput bearing specifications

The specifications of the cross roller are shown in Table 234-1. Symbol Size 1 14 17 20 25 a2 40 45 50 58 0.
F ; A 0.033 0.033 0.038 0.040 0.048 0.054 0.057 0.057 0.063 0.063 g
Specifications Table 234-1 B 0.035 0.035 0.035 0.039 0.041 0.047 0.050 0.053 0.060 0.063 =
; e C 0.053 0.084 0.071 0.079 0.085 0.104 0.111 0.118 0121 0.121 w
Offset i Allowable D 0053 | 0053 | 0050 | 0059 | 0061 | 0072 | 0075 | 0078 | 0085 | 0088 &)
R Basic dyﬁam]c rated load Basic static rated load moment load Mc E 0.039 0.040 0.045 0.051 0.057 0.065 0.071 0.072 0.076 0.076 : 8 3
Cc Co %10 *Nmirad ~ kgfm/arc min = 0.038 0.038 0.038 0.047 0.048 0.054 0.060 0,065 0.067 0.070 8
m x10 *N x10 *N kgt Nm kgim =
11 0.043 0.018 52.9 770 ] ; 1.8 Cireul — §
14 0.050 0.0217 58 500 86 880 X 74 76 85 25 m TRIArSpYne. Tae 2
17 TR 104 1060 163 1670 % 124 126 154 46 IR ‘,if:;:pﬂﬁzem' 3
20 0.070 0.0255 146 1490 220 2250 * 187 19.1 26.2 75 Fixed: Circular spline
25 0.085 0.0296 218 2230 358 3660 258 26.3 392 11.6
32 0.111 0.0364 382 3900 654 6680 580 59.1 100 296 Hollow shaft (2UH) Fig.2363  Input shaft (2UJ) Fig. 2854 8
40 0.133 0.044 433 4410 816 8330 849 86.6 179 53.2 [ o
45 0.154 0.0475 776 7920 1350 13800 1127 115 257 76.3 g’
50 0.170 0.0525 816 8330 1490 15300 1487 152 351 104 é-
58 0.185 0.0622 874 8920 1710 17500 2180 222 531 158 o
65 0.218 0.072 1300 13300 2230 22700 2740 280 741 220 g
* The basic dynamic rated load means a certain static radial load so that the basic dynamic rated life of the roller bearing is a million rotations. g
The basic static rated load means a static load that gives a certain level of contact stress (4 kN/mm?2) in the center of the contact area =
between the rolling element receiving the maximum load and the orbit. %"
* The value of the moment stiffiness is the average value. @
Table 171-2
Unit: mm
Size 11 14 17 20 25 az 40 45 50 58 &5

Symbal

0.027 0.037 0.038 0.046 0.047 0.059 0.060 0.070 0.070 0.070 0.076
0.031 0.031 0.031 0.038 0.038 0.045 0.048 0.050 0.050 0.050 0.054
0.053 0.064 0.071 0.079 0.085 0.104 0.111 0.118 0.121 0.121 0.131
0.053 0.053 0.053 0.059 0.061 0.072 0.075 0.078 0.085 0.088 0.088
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Rotational direction and reduction ratio of a unit type

The rotational direction and the reduction ratio vary depending on the flange to be fixed for the unit type.

m Flexspline fixed

Input: Wave generator
Qutput: Circular spline

Fixed: Flexspline
Output rotational direction: Same rotational direction as the input
. - 1
Reduction ratio (i): i=
n ratio (i): i R
Hollow shaft (2UH) Fig.206-1  Input shaft (2UJ) Fig. 236-2

Output

m Circular spline fixed

Input: Wave generator
Output: Flexspline
Fixed: Circular spline

Qutput rotational direction: Opposite rotational direction to the input

Reduction ratio (i): i= _-Fll__
_Hollow shaft (2UH_)_ Fig. 236-3 Input shaft (_2UJ)_ Fig. 236-4

Output ==

o
z/

| 4

Rotational direction

gog

f r
| ‘j

i A

Input Output

Design Guide

The standard lubricant for Harmonic Drive® gear units is Harmonic Grease SK-1A and SK-2 (Harmonic Grease 4B No.2 for the cross
roller bearing). Harmonic Grease 4B No.2 is also available for long-life. The specifications of the grease are described on Page 016.

m Sealing mechanism

® Rotating and sliding area --evereer Qil seal {with a spring). Take care regarding flaws on the shaft.
@ Flange mating face and mating -...... O-ring and seal adhesive. distortion on the plane and how the O-ring is engaged.
@ Screw hole arga ---s-eesrencsncnn Use a screw lock agent (LOCKTITE 242 is recommended) or seal tape.

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

Rust prevention

Although Harmonic Drive® gears come with some corrosion protection, the gear can rust if exposed to the environment. The gear external

surfaces typically have only a temporary corrosion inhibitor and some oil applied. If an anti-rust product is needed, please contact us to
review the options.

Installation accuracy

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

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

In addition, perform the appropriate installation according to each series,
because the torque capacity of SHG series is larger than SHF series.

Warp and deformation on the mounting surface

Blocking of foreign matter

Problems caused by burrs, raised surfaces and location around
the tap area of the mounting holes

Insufficient chamfering on the housing mount

Insufficient radii on the housing mount

Installation and transmission torque

Fig. 238-1
pe=— ]
Side (A) - Side (A)
B a8
A ey
 REe=EE
g
Side (B) —ﬂ = Side (B)
| =1
| ==l mli
SHG series: (A) Side-installation and Torque Transmission Capacity Table 238-1
Size
[tam 14 17 20 25 45 50 58 65
Number of bolts 8 12 12 12 12 12 18 12 16 16
Bolt size M3 M3 M3 M4 M5 M6 M6 M8 M8 M10
Pitch circle mm 64 74 84 102 132 158 180 200 226 258
Clamp
torque Nm 24 24 24 54 10.8 184 184 44 44 74
L’f’q‘;‘“*‘s“‘ Nm 128 222 252 516 1069 1813 3098 4163 6272 9546
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SHF series: (A) Side-installation and Torque Transmission Capacity Table 238-2 Installation Recommendations

e 2 g 14 17 20 25 32 40 45 50 58
m [nstallation on the periphery of the oil seal
Number of bolts 4 8 12 12 12 12 12 18 12 16 Install an oil seal on the mounting face so that they have a space of at least 1 mm between them to avoid interference with each other. ;'
Fig. 240-1 o
Bolt size M3 M3 M3 M3 M4 M5 Mé M6 M8 M8 3'
Pitcheirce | mm | 56.4 64 74 84 102 132 158 180 200 226 S T Ll Th A =
Clamp 9 : ; Iz | E'-
il Nm 2.0 2.0 2.0 2.0 45 9.0 15.3 15.3 37 a7 .
- —
b""‘rque"“""‘“s"’" Nm 47 108 186 206 431 892 1509 2578 3489 5236
(Table 238-1, 238-2/Notes) ] 4 I L
1. The material of the thread must withstand the clamp torque. [ 7
2. Recommended bolt: JIS B 1176 socket head cap screw / Strength Range: JIS B 1051 12.9 or more | i il ial ©
3. Torque coefficient: K=0.2 2
4. Clamp coefficient: A=1.4 M
5. Friction coefficient on the surface contacted: p=0.15 m Manufacturing for Mating Part and Housing %’
6. Use washers for SHG/SHF-LW. When the housing interferes with corner “A", an undercut in the housing is recommended as shown below. 3
Fig. 240-2 2
= i ’ g : Hollow shaft (2UH) Input shaft (2UJ) Simplicity unit (280) Simplicity unit (2SH) 'g
SHG series: (B} Side-installation and Torque Transmission Capacity Table 238-1 3
iy N == S 3
fhaets 14 17 20 25 32 40 45 50 58 65 =
5 =
Number of bolts 8 16 16 16 16 16 12 16 12 16 =
Bolt size M3 M3 M3 M4 M5 Mé M8 M8 M10 M10 C:E
&
Pitch circle mm 44 54 62 7 100 122 140 154 178 195 C:E
cl b N th
=il Nm 24 24 24 54 10.8 18.36 44 44 89 89 5 — s
A g
Transmisalon | gy 88 216 248 520 1080 1867 2914 4274 5927 8658 A o
forque g
z
- Fig. 240-3
Recommended Housing Undercut u:n: mm %
SHF series: (B) Side-installation and Torgue Transmission Capacity Table 239-2
Size o}
ftem 11 14 17 20 25 32 40 45 50 58 bg 0.7 g
Number of bolts 6 8 16 16 16 16 16 12 16 12 ‘l :
w
@
Bolt size M3 M3 M3 M3 M4 M5 M6 M8 M8 M10 L §-
Pitch circle mm 37 44 54 62 77 100 122 140 154 178 (& §
@) =]
Clamp
forque Nm 2 20 2.0 20 4.5 9.0 15.3 a7 a7 74 g
Trormohalon m 46 72 176 206 431 902 1558 2440 3587 4910 %

(Table 239-1, 239-2/Notes)
. The material of the thread must withstand the clamp torque. i i i i

. Recommended bolt: JIS B 1176 hexagonal bolt / Strength: JIS B 1051 12.9 or more Vertical multi jOII'It robot Multi jOInt robot
. Torque coefficient: K=0.2

. Clamp coefficient A=1.4

. Friction coefficient on the surface contacted: p=0.15

b wWwN =

-45- -46-



Outline Dimensions (2UH)

Qutline dimensions (2UH)

You can download the CAD files from our website: www.3fgearbox.com

Fig. 241-1

@A hT

L}
’ 12 equally spaced (8) 20 equally spaced (16)
-M3x5 -M3xB
\ 6-M3x5 squally spaced ', N
. \ I P _\', —'—-._.\ . "_)’f h%&
' i N
| s - :
Sty ' # t .«
L : J . l o L
(2 A " RN . Note 1 Note 2
Sl byt of ek 17 Size 11 Size 14 Size 17
Note 1: See recommended housing undercut on previous paqi:. The dimension tolerances that are not specified
vary depending on the manufacturing method. Please check the co nfirmation drawing or contact us for dimension * Please refer lo the confirmation
tolerances not shown on the drawing. drawing for detailed dimensions.
Dimensions (2UH)
Table 241-1 Unit: mm
Symbol Siza 1 14 17 20 25 32 40 45 50 58 65
@ Ah7 62 70 80 20 110 142 170 190 214 240 276
~| SHG/SHF Series 45.3 54 64 75 90 115 140 160 175 201 221
? B SHGISHFLW Series = 52 62 73 88 115 140 160 168 195 213
qC h7 30.5 36 45 50 60 85 100 120 130 150 160
qD h7 64 74 84 95 115 147 175 195 220 248 284
gE h7 18 20 25 30 38 45 59 64 74 B4 96
qF H7 14 14 19 21 29 36 46 52 60 70 80
G 48 52.5 56.5 51.5 55.5 65.5 79 85 93 106 128
H 14 12 12 5 B 7 8 8 9 10 14
| 19 20.5 23 25 26 32 38 42 45 52 56.5
J 15 20 21.5 215 235 26.5 33 35 39 44 57.5
K 6.5 6.5 6.5 — — — — —: — — —
E 8 9 10 10.5 10.5 12 14 15 16 17 18
M SHGSHF Series 6.5 8 8.5 9 8.5 9.5 13 12 12 15 19.5
SHG/SHF-LW Series = 11.5 12 13.5 15.5 20.5 25 27 30 35 425
N 6.5 75 8.5 7 6 5 7 7 T 7 12
o 17.5 21.7 239 25.5 29.6 36.4 44 475 52.5 62.2 72
qP (P) = (2.5) (2.5) 255 33.5 40.5 52 58 67 7 88
Q e 3 3 8 6 6 6 6 6 8 [}
R — M3 M3 M3x6 M3x6 M3x6 M4x8 M4x8 M4x8 M4x8 M5%10
[3] 56.4 64 74 84 102 132 158 180 200 226 258
T 4 8 12 12 12 12 12 18 12 16 16
Y] 35 35 35 35 4.5 5.5 6.6 6.6 9 9 11
@/ 37 44 54 62 77 100 122 140 154 178 195
W 6 12E.A.8 | 20E.A.18 16 16 16 16 12 16 12 16
SHG/SHF Series M3X5 M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 M8x10 M8x11 M10x15 | M10x15
X 03.4X4 | 93.5%11.5 | 93.5%12 | 93.5%13.5 | 94.5%15.5 | p5.5%x20.5 | p6.6x25 | P9x28 $9%30 ©11%35 | @11x425
SHG/SHE-LW Series = M3x5 M3x6 M3x6 M4x7 M5x8 MEx10 M8x10 M8x11 M10x15 | M10x15
= @3.5%11.5 | 93.5%12 | p3.5x13.5 | @5%155 | @6%20.5 | @7x25 @9x27 ©I%30 | @11x35 | @11x425
@ 36 36 45 = = = = = = — —
F4 7.5 5.5 5.5 — — — — — — — —
a 680477 | 680477 | 6B052Z | 6806 ZZ | 6B0BZZ | 6909277 | 691277 | 691322 | 69152Z | 6917 2Z | 6920ZZ
b SHG/SHF Series 670427 | 680477 | 680577 | 6806 Z7Z | 6B0BZZ | 6809727 | 6812277 | 681372 | 68152ZZ | 6817 ZZ | 682027
SHG/SHF-LW Series — 6804 Z7 | 6805277 | 6806 ZZ | 6BOBZZ | 680977 | 681227 | 6813ZZ | 6B15ZZ | 6817 ZZ | 682022
c D41.950.95( D49585 | D59685 | D69785 | DB84945 | D1101226 | D1321467 | D1521707 | D1681868 | D1932129 | D21623811
d SHG/SHF Series 518274 | S20304.5 | 525356 | 530405 | 538475 | 545607 | S60789 | 5658510 | S759510 | 58511012 [ S10012513
SHG/SHF-LW Series = S20304.5 | 525356 | S30405 | S38475 | 845607 | S60789 | S658510 | S759510 | 58511012 | S10012513
5 SHG/SHF Series 518274 | S20304.5 | 525356 | S30405 | 538475 | S45555 | S59685 | S50685 | S69785 | S84945 | 5961128
SHG/SHF-LW Series - S20304.5 | 525356 | S30405 | 538475 | S45555 | S50685 | S59685 | S69785 | S84945 | 5961128

47—

Table 242-1

Mass (2UH)

Unit: kg
Size
Symbol 11 14 17 20 25 32 40 45 65
2UH 0.53 0.71 1.00 1.38 2.1 4.5 7.7 10.0 285
2UH-LW (Lightweight) = 0.55 0.8 1.1 1.6 3.8 6.2 8 11.8 16.4 23.3

Moment of Inertia (2UH)

Table 242-2

Moment of | | % 107"kgm® 0.080 0.091 0.193 0.404 1.070 2.85 9.28 13.8 25.2 49.5 94.1

inertia J | x 107%kgfms*| 0.082 0.093 0.197 0.412 1.090 291 9.47 141 25.7 50.5 96.0

Starting torque (2UH) See “Engineering data” for a description of terms. Please use as reference values; Table 242-3
the values vary based on use conditions. Unit: Nem
Size

o 11 14 17 20 25 32 40 45 50 58 65

30 — 1 30 43 64 112 — — — — —

50 7.1 8.8 27 36 56 85 136 165 216 297 =

80 — 7.5 25 33 50 74 117 138 179 244 314

100 59 6.9 24 32 49 72 112 131 171 231 297

120 — = 24 31 48 68 110 126 165 223 287

160 — — — 31 47 67 105 122 156 213 276
Backdriving torque (2UH) See "Engineering data” for a description of terms. Please use as reference Table 242-4
values; the values vary based on use conditions. Unit: Nm

Size

g 1 14 17 20 25 32 40 45 50 58 65
30 — 5.4 17 23 35 57 — — — — —
50 46 53 16 22 34 51 B2 89 129 178 —
80 — 7.2 24 3 48 70 112 133 172 234 301
100 7.6 8.2 29 38 59 86 134 158 205 278 356
120 — — 34 45 B89 a7 158 182 237 322 413
160 — — — 59 90 128 201 233 299 408 530

Continuous Operating Time (2UH) Continuous operating time .

The internal temperature rises due to the effect of the oil seal and the SSeiiha iR Cartingia cpR IR Y| | ST SRt

supporting bearing Used for the input shaft (high-speed rotation side) s ImaE n | |= sttt oad

for SHF-2UH. Observe the operating time shown in Table 246-2 for " %0 80

continuous operation. 7 % 80

The operating time shown in Table 246-2 is calculated based on the time 7 %0 &

required for the temperature inside the unit to rise to 80°C and for the oil 5 = o

seal temperature to rise fo 100°C. Take care not to exceed the temperature = o0 45

given above in conducting continuous operation. The following review will 5 aE aE

be necessary if the temperature exceeds the value given above. T b 5

Contact us in such an event. s % =

s Change of timing to replace lubricant 50 20 20

e Change of lubricant 58 20 5

e Measures against lubricant leakage accompanied by the o5 15 10

pressure rise inside the unit

¢ Measures against deterioration due to heat on the oil seal area FiCriact s R the oon Srous oparsing e may ey sgiamy dapendiig

on the operating condition,

Performance Data for the Input Bearing for Hollow Shaft (2UH)

The internal temperature rises due to the effect of the oil seal and the supporting bearing used for the input shaft (high-speed rotation
side) for SHF-2UH. Observe the operating time shown in Table 246-2 for continuous operation.The operating time shown in Table 246-2
is calculated based on the time required for the temperature inside the unit to rise to 80°C and for the oil seal temperature to rise to
100°C. Take care not to exceed the temperature given above in conducting continuous operation. The following review will be necessary
ifthe temperature exceeds the value given above. Contact us insuch an event.

Input bearing specifications

Table 247-1  Fig 2471
Bearing A Bearing B
. - Bearing A Bearing B
Basic dynamic Basic static Basic dynamic Basic stafic — —
Model ratedload ratedload Model ratedload  rated load ‘\?r =
CriNd Cor{N} CriN} Cor(N) N ' %

14 |6804ZZ| 4000 2470 | 6804ZZ| 4000 2470 | 27 | 165 | 230 .
17 |6805ZZ| 4300 2950 |6805ZZ| 4300 2050 | 20 [ 175| 250 —_—
20 | 6806ZZ| 4500 3450 |6806ZZ| 4500 3450 | 27 | 185 | 275
25 |6808zz| 4900 4350 |6808zz| 4900 4350 | 205 | 165 | 250
32 |es09Zz| 14100 10000 |6809ZZ| 5350 6260 | 33 | 23 770
40 |69122z| 19400 16300 |68122z| 11500 10900 | 395 | 275 1060
45 |69132Z| 17400 16100 |68132Z] 11800 12100 | 44 | 285 900
50 |69152Z| 24400 22600 |6815ZZ| 12500 13900 | 49 | 315 1370
58 |6917ZZ| 32000 20600 |6817ZZ| 18700 20000 | 56.2 | 365 | 1720 Fa: Axalload (N) | _b_|  a
65 |6920zz] 42500 | 036500 |6820zZ] 19600 | 21200 | 67 | 445 | 2a00 | | Fr-Redialload ()
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Outline Dimensions (2UJ)

Outline Dimensions (2UJ)

You can download the CAD files from our website: www.3fgearbox.com Fig. 248-1
- F
3 H |
ol LM
j—“ /L
3 d
= imSiz: -EF
/] i % EQ
ol
iE:I;—
N o
(N)
12 equaily spaced (8) 20 equally spaced (18)
M35 -M3xB
,)' T s e g
[}
. + - l - + 4
‘i' | )‘, - ;
5 .
85 o La Note 1:
+ See recommended hou: undercut on
Size 14 Size 17 R sing
Bize 14 and 17 In - "
LA A et icacsohyordonb g ol
Dimensions (2UJ)
Table 248-1 Unit: mm
Symbol 28 14 17 20 25 32 40 45 50 58 65
QA h7 70 BO 90 110 142 170 180 214 240 276
@B 54 64 75 20 115 140 160 175 201 221
@Ch7 36 45 50 60 85 100 120 130 150 160
@D h7 74 84 95 115 147 175 195 220 246 284
@E h6 6 8 10 14 14 16 19 22 22 25
F 50.5 56 63.5 725 845 100 108 121 133 156
G 15 17 21 26 26 31 31 37 37 42
H 205 23 25 26 32 38 42 45 52 56.5
1 15 16 17.5 205 26.5 N 35 39 44 57.5
J 14 16 20 25 25 30 30 35 35 40
K 9 10 10.5 10.5 12 14 15 16 17 18
L 8 8.5 9 8.5 95 13 12 12 15 18.5
M 25 3 3 3 5 5 7 7 7 12
N 21.7 23.89 255 206 36.4 44 47.5 52.5 62.2 72
(o] 1 12 16.5 225 22.5 27.5 28 33 33 39
P — — 8.2 3, 11 84 11 84 13 84 15.5 &, 18.5 3« 18.5 - 21 4.
Q 05 0.5 3 foes 5 Jow 5 femo 5 fowo 6 fow 6 Jon 6 Jox 7 Sem
R — — 3 Boes 5 B0 5 few 5 fom 6 $om0 6 Som 6 Bow 8 foue
s — — M3xg M5x10 M5x10 M5x10 Méx12 M6x12 Méx12 M8x16
oT 64 74 84 102 132 158 180 200 226 258
U 8 12 12 12 12 12 18 12 16 16
eV 35 35 35 4.5 55 6.6 6.6 9 9 14
oW 44 54 62 7 100 122 140 154 178 195
X 12E.A8 | 20E.A.16 16 16 16 16 12 16 12 16
v M3x5 M3x6 M3x8 M4 x7 M5x8 M6x10 M8x10 M8x11 M10x15 | M10x15
@35%115 | @3.5%12 | p3.5%13.5 | 4.5x155 | p5.5%205 | p6.6x25 | @9x28 | @9x30 | ¢11%35 | @11%425
a 6982ZZ | 6900ZZ | 69022Z | 6002ZZ | 6004 ZZ | 6006 ZZ | 6206 ZZ | 6207 ZZ | 6208 ZZ | 6209 ZZ
b 695 27 697 ZZ 6982ZZ | 6900ZZ | 6902ZZ | 6003 ZZ | 6004 ZZ | 6005 ZZ | 6006 ZZ | 6007 ZZ
o D49585 | D5968B5 | DE9785 | DB4945 | D1101226 | D1321467 | D1521707 | D1681868 | 1932129 | D21623811
d G8184 D10205 | D15255 | D15255 | D20355 | D30457 | D30457 | D35557 | D40607 | D45607

Mass (2UJ) Table 249-1

Unit: kg

Mass (kg) 0.66 0.94 1.38 21 4.4 7.3 9.8 13.9 19.4 26.5

Moment of Inertia (2UJ)

Table 249-2

Moment of I | x107'kgm’ 0.025 0.059 0.137 0.320 1.20 341 5.80 9.95 205 35.5

inertia J | x10"*kgfms’ 0.026 0.060 0.140 0.327 1.22 3.48 5.92 10.2 20.9 36.2

Starting torque (2UJ)

See "Engineering data” for a description of terms. Please use

the values vary based on use conditions. as reference values; Table 249-3
Unit: Nem
Size
= 14 17 20 25 32 40 45 50 58 65
30 6.8 11 19 26 63 —_ —_ —_ _ —_
50 5.7 9.7 14 22 41 72 94 125 178 —
80 4.4 7.2 11 15 29 52 68 88 125 163
100 37 6.5 99 14 27 a7 60 80 113 147
120 —_ 6.2 9.3 13 24 44 55 74 105 137
160 — — 8.6 12 23 39 50 66 94 122
Backdriving torque (2UJ) Ses "Engineering data" for a description of tenms. Pleass use as reference
values; the values vary based on use conditions. Table 249-4
Unit: Nm
Size
o 14 17 20 25 32 40 45 50 58
30 35 589 10 16 3 —_ — — — —
50 34 5.8 8.4 13 25 43 56 75 107 =
80 4.2 6.9 10 15 28 50 65 85 120 154
100 45 78 12 17 33 56 72 96 135 176
120 — 8.9 13 19 34 63 79 106 151 198
160 — — 17 23 43 75 96 126 181 235

Performance Data for the Input bearing (2UJ)

The input shaft of the 2UJ is supported by two single-row deep-groove bearings. For peak performance of the SHF-2UJ it is

essential that the following Specification for Input Bearing be observed -Figure 254-1 shows the points of application of forces. See Table
254-1 for the dimensions (a) and (b). Graphs 254-1 and 254-2 show the Maximum Allowable Radial and Axial Loads. The values in Graph
254-1 and 254-2 are based on an average input speed of 2,000 rpm and a mean bearing life of L10=7,000h.

Example: If the input shaft of a SHF-40-2UJ unit is subjected to an axial load (Fa) of 500 N. The maximum allowable radial force will be 400 N.

Input bearing specifications Table 254-1 Fig 255-1
Bearing A Bearing B '

Bearing A — Bearing B
Basic dynamic Basic static Basic dynamic Basic static |
rated load  rated load rated load  rated load
CrtN) (N) CrtN) CorlN)  (mm ) Fr
14 l
17 | 69002 2700 1270 69722 1610 70 235 21 135 Fa+
20 | 6902ZZ 4350 2260 698ZZ 2240 910 265 | 233 210 f—
25 | 60022z 5600 2830 690022 2700 1270 28 28 270
32 | 6004ZZ 8400 5000 690222 4350 2260 % 27 490
40 | 6006ZZ 13200 8300 600322 6000 3250 43 325 660
45 | 6206ZZ| 19500 11300 6004ZZ 9400 5000 475 | 345 1030
50 | 62072z 25700 15300 600522 10100 5850 53 3 1330 | .
50 | 62082z 20100 | 17800 | 60062Z | 13200 8300 | 625| 40 | 1600 | | :imgm(m}
65 | 6208922 32500 20500 600722 16000 10300 79 63 1650 |
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Outline Dimensions(2S0O. 2SH)

Outline Dimensions (2S0)

You can download the CAD files from our website: www.3fgearbox.com

Fig. 255-1

S-T1_equally spaced D#*
| The balts ane factory instafled to prevent misafignment between the
HllmgsdhnmﬂmmnnmhrmdMelmmmm E F*
| O-¢ P equally X1 - X2 equally spaced (Y1)
Gl .H, I | 3] QYa
| T @
i 0'&9_\_1004 /_,.f ¢
~ P /00‘4:_///
Co4 s
4]
3 i
o4 ~
E - 4 i o 8| £
w O =z e | Nole 2 m m < E—
= P © 5 el
= ¥ K*
s e
depth ofpliothole | oy
241 - Zz equally spaced
(bolt fo prevent separation)

20 equally spaced (16} M3x8 (93.566.5) D
\ +| 9025 K [ 90.25
"I
= 2- M3x4 (size 14) !
/2= M3x6 (size 17)
/2.5 (size 14)
T 3 (size 17)

0.4 (size 14
0.3 (size 17)
l,l'ld-MM evenly arranged
J (bolt to prevent separation)
- /' (bolt to prevent separation) !
Size 14, 17 configuration of Size 17 Size 14
wave generator configuration configuration
Note 1: See undercutting the housing on Page 240 for details.
Nate 2: For size 14, C0.5.
* Refer to the confirmation drawing for detailed dimensions
(ZSO/ZSH) * See Fig. 084-2 on Page 084 for the configurations of the wave generator.
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Dimensions (2S0) Table 256-1

Unit : mm
SIZE
Symbol 17 20 40 45 50 58 65
@A hB 50 60 70 85 110 135 155 170 195 215
@B 14 18 21 26 26 32 32 32 40 48
B2 — = = — = = 128 141 163 180.4
@Bs —_ —_ — — — — 2.7 2.7 2.7 2.7
Standard (H7) 6 8 9 1 14 14 19 19 22 24
P [ Mo cimen. 8 10 13 15 15 20 20 20 25 30
D# SHF Series 28545 3254 3359 37 4 44 3, 53 5, 58 12 64 0» 75.5 % —
SHGSeries | 2858 | 32538 | 3354 37 & 44 %, 53 35 58 % 64 & 755 & 83 4
E 23.5 26.5 29 34 42 51 56.5 63 73 815
F* 5 6 45 3 2 2 1.5 1 25 1.5
[} 24 3 3 33 36 4 45 5 58 6.5
H 14.1 16 17.5 18.7 23.4 29 32 34 40.2 43
I 7 75 85 12 15 18 20 24 27 32
J 6 6.5 75 10 14 17 19 22 25 29
Kk SHF Series 0.4 0.3 0.1 2.1 25 3.3 37 4.2 4.8 —
SHG Series 14 16 15 35 42 56 6.3 7 8.2 95
L SHF Series 17.8 4, 19.5 41 20.1 3. 20.2 &4 22 8 27548 2795 32 5 349 8 —_
SHG Series 18.5 84 20.7 34 21.5 5, 21.6 £, 23.6 4 29.7 $: 30.5 £, 34.8 &, 38.3 54 446 81
@M h7 70 80 90 110 142 170 180 214 240 276
oMz H7 48 60 70 88 114 140 158 175 203 232
PN: —_ —_ — — — 32 — 32 — 48
(o] 8 12 12 12 12 12 18 12 16 16
QP 3.5 35 35 45 55 6.6 6.6 9 9 1"
®Q 0.25 0.25 0.25 0.25 0.25 0.3 0.3 05 0.5 0.5
R 64 74 84 102 132 158 180 200 226 258
S 2 4 4 4 4 6 6 6 8 8
T M3x6 M3x6 M3x 8 M3x 8 M4x 8 M4x 10 M4x 8 M5x 12 | M5x 12 | M6x 16
T (angle) 22.5° 15° 15° 15° 15° 15° 10° 15° 11.25° 11.25°
pU 44 54 62 77 100 122 140 154 178 195
v = = 10.4 12.8 16.3 16.3 218 218 248 273
W Js9 —_ —_ 3 4 5 5 (] 6 6 8
X 12E.A.B | 12E.A. 18 16 16 16 16 12 16 12 16
Xz M3x=5 M3x=6 M3x 6 Mdx 7 M5x 8 MEx 10 | M8x 10 | M8x 11 | M10= 15 | M10x 15
Yi @35x6 | 93.5%65 |@ 3.5%x 7.5|p 4.5% 10| @ 55% 14| p66x 17| 9% 19 | 9% 22 | @ 11x 25 (@ 11x 29
Yz 0.25 0.25 0.25 0.25 0.25 0.3 0.5 05 05 05
Z 4 4 4 4 4 4 4 8 6 8
Z: M3x6 M3x6 | M3x8 | M3x10 | M4x 16 | M5x 20 | M5x 20 | M5x 256 | M6x 25 | M6x 30
T 38 45 53 66 86 108 119 133 154 172
housing b 1 1 1.5 1.5 1.5 2 2 2 25 25
clearance’l e 31 38 45 56 73 90 101 113 131 150
d 1.7 21 2 2 2 2 23 25 29 35
e D49585 D59685 | DE9785 | DB84945 | D1101226 | D1321467 | D1521707 | D1681868 | D1932120 | D21623811
f — — — — — —  |d12154220] S135 |d115704220] S175

@ The following dimensions can be modified to

@*The D, F and K values indicate relative position of individual
accommodate customer-specific requirements.

gearing components (wave generator, flexpline, circular
spline). Please strictly adhere to these values when designing
Wave Generator : C your housing and mating parts.
Flexspine  :OandP @ Please note that the circular spline face of sizes 14 through 40
Circular Spline  : X1 and Xz does not incorporate an O-ring groove. Please provide
alternate sealing arrangements.
@ Due to the deformation of the Flexspline during operation,
it is necessary to provide a minimum housing clearance,
dimensions @a, b, c.

Wave generator is removed when the product is delivered.

Mass (2S0) Table 256-2

Unit: kg

Mass (kg) 0.41 0.57 0.81 1.31 2.94 5.1 6.5 9.6 13.5 19.5
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Qutline Dimensions (2SH) Dimensions (2SH) er; 258-1
nit : mm
You can download the CAD files from our website: www.3fgearbox.com 8yribol Size 14 17 20 25 32 40 45 50 58 65
£, 2601 @A h6 50 60 70 85 110 135 155 170 195 215
o — . B = = — = = = 128 141 163 1804
space B: —_ — — — — — 27 27 27 27
e e c 5253, | 5658 | 5158 | 5554 | 6554 | 798 | 858 | 3% | 1064 | 1284
\ Squalyspeced o =T g 0 SHF 165 16%° | 95% [ 10% 127 13% | 185% [ 15% | 16% | 2%
Oring_ A - ' SHG 16 '%* 16%" | 85% 108 127%° 133" | 135%° [ 15% 167 21¥
) T D: 235 265 29 34 42 51 56.5 63 73 815
= Ds* 13 14 13 115 115 15 15 15 17 255
Es 24 3 3 3.3 3.6 4 45 5 5.8 6.5
o E: 14.1 16 17.5 18.7 23.4 29 32 34 40.2 43
& E 7 7.5 8.5 12 15 18 20 24 27 32
BlE & 2% F 6 6.5 75 10 14 17 19 22 25 29
i s 8 <z @G He 48 60 70 88 114 140 158 175 203 232
= & o @Hh6 70 80 90 110 142 170 190 214 240 276
= I 20 s 21.5 s 19 01 20 w0 29 .01 34 a1 35 0 39501 | 45305 | 54.5.01
H - = I! 20 01 21 5 et 20 . 2-5 a0 23-5 A 28 w01 32.5 alt 36 »01 40.7 LA i
29 ; 8 Is (125 | (135 | (125 (13> "3 “n (175 | 7.8 (200 —
/Tt ecually | depthofpilothole || Nelet| Wi - W2 equally spaced Ji 25 25 — - = = 8 9 10 14
The bolts ars faciory insialled 1o prevent {bolt to prevent separation) Jz 7 7 7 6.5 —_ — @27 (30.5) (35.3) (40.5)
gl ascrnbltose s ool 12 equally spaced (8)-M3x5 (93.5x8) 20 equally spaced (16)-M3x6 (3.5x6.5) Ja 7 7 7 6.5 = 9.5 95 95 125 11.5
= Errak S g025 e - - — - — (1.5 (8) (8) (7.5) (11.5)
— b X Ki = — = — 13.9 15.1 15.6 18.6 21.1 23.1
¥ 2 Kz = = — — 1.9 22 27 27 32 31
- }\\ ‘\ Wave oL 22 27 32 42 47 62 69 79 20 106
ﬂ%i@ = s | QL 20 2 30 40 45 60 65 75 85 100
= oLs h9 = = - 38 — 59 59 69 84 96
| oL« HT 14 19 21 29 36 46 52 60 70 80
P oLs 7 20 25 30 e 45 = = = = =
,"?I:unsxaemally paced . mnsxsmny weced oM 22 27 32 42 49 65 70 80 915 111
0 Pt sap Ao/ Lin prevent separatior @Mz h7 20 25 30 38 45 59 64 74 84 96
o it . L Sizot? oMs = = = = 425 57 62 72 815 | 965
) : @Ms H7 14 19 21 29 36 46 52 60 70 80
o o O Oteton A5 N6 20 25 30 40 45 60 65 75 85 100
Size 14,17 c Size 20 ON: 145 195 215 295 36.5 465 525 60.5 70.5 80.5
= B s by Lo o 10 10 10 10 10 12 15 15 15 20
i e s (8 Tolerance range) 0: 225 245 (19.5) 225 (30.5) (35) s 41 48 54
Pl o Os 20 22 22 23 25 32 35 37 43 54
m‘};zi J JR3A L8 P: 3 3 6 6 6 6 6 6 8 6
oF ! P: M3 M3 M3x6 M3x6 M3x6 M4x8 M4x8 M4x8 M4x8 | M5x10
% = {ﬂi"_ - g[ PESRE @Ps = £ 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
‘ Z 2 23 e (] 8 12 12 12 12 12 18 12 16 16
ol © 01 PQ 35 3.5 3.5 45 5.5 6.6 6.6 9 9 11
P 0.25 0.25 0.25 0.25 025 0.3 0.3 05 05 05
c @R 64 74 84 102 132 158 180 200 226 258
e b k Ch) oS = = 255 | 335 | 405 52 58 67 77 88
ke || K | a7 range} Ts 2 4 4 4 4 6 6 6 8 8
1 T2 M3x6 M3x6 M3x8 M3x8 Mdx8 | M4x10 | Max10 | MBx12 | M5%12 | M6x16
Lot | Ro2 Ro2 Co4 Ts (angle) 225° 15¢ 15° 15° 15° 15° 10° 15 11.25° | 11.25°
QU 44 54 62 77 100 122 140 154 178 195
[ Vi 12EA8 |20E.A16| 16 16 16 16 12 16 12 16
s S 2 % o (L=l EE 5 Va M3x5 M3x6 M3x6 M4x7 M5x8 | M6x10 | M8x10 | M8x11 | M10x15 | M10x15
E z| 2 -g 3 4| e Vi ©3.5%6 | ¢3.5%6.5 | 93.5x7.5 | p4.5%10 | @5.5%14 | 96.6x17 | @9=%19 @9%22 | @11%x25 | @11x29
6 e Ve 0.25 0.25 0.25 025 0.25 03 05 05 05 05
Size 40 to 65 O Oz Os Wi 4 4 4 4 4 4 4 8 6 8
b te L) W2 M3x6 | M3x6 | M3x8 | M3x10 | M4x16 | M5x20 | M5x20 | M5x25 | MBx25 | M6x30
b | Js (@) Qa 38 45 53 66 86 106 119 133 154 172
K :?aime b 1 1 1.5 1.5 1.5 2 2 2 25 25
@c 31 a8 45 56 73 90 101 113 131 150
d 17 21 2 2 2 2 23 2.5 29 35
e D49585 | D59685 | D69785 | DB4945 | D1101226 | D1321467 | D1521707 | D1681868 | D1932129 | D21623811
f = — — — — —  |¢112154220] S135 |d1157.04220] S175
Note 1: @ As the flexspline is subject to elastic deformation, the housing @ The circular spline of sizes 14 to 40 does not have an O-ring
See undercutting the housing on Page 240 for detalls. clearance should be @a, b, c or more and it should not groove (symbol: f) for sealing. Account for sealing during

* Refer to the confirmation drawing for detailed dimensions.
Especially be certain to check the delivered specifications
since the configuration of the wave generator varies
depends on the size. (* Also see Fig. 084-2 on Page 084.)

exceed.

® *The D1 and Ds sizes indicated by an asterisk are the
mounting positions in the shaft direction and allowance of the
three parts (wave generator, flexspline, circular spline). Strictly
observe these tolerances.

-53—

design and installation.
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Mass (2SH) Table 259-1
Unit: kg
Symbol Size 14 17 25 32 40 45 50 58 65
Mass 0.45 0.63 1.44 3.1 5.4 6.9 10.2 14.1 20.9
Standard lubrication for SHG/SHF series is grease.
See "Engineering data” on Page 016 for details of the lubricant.
Application guide
As the gear unit is shipped with the outer race of the cross roller bearing and the flexspline temporarily bolted together, grease
is not applied other than the gear teeth. Refer to the following application guide for grease application instructions
Application guide Table 259-1
Cross roller bearing (outer race) [T ——— = Circular spline
] Apply thin coating of
/_ grease before installation.
Flexspline | Thickness of
diameter of wave
genareor bearng \— Pack with grease
while slowly rotating
bearing.
Fill the inner wall with grease in
accordance with the values listed a
below. SEEES 2
Wave Generator
Application quantity
Table 259-2
Unit: g
Size
Application 14 17 20 25 32 40 45 50 58 65
Horizontal use 58 1 18 32 64 120 185 235 385 495
Vertical| Output shatt facing up 7.5 13 19 a7 74 130 200 255 400 530
use | Qutput shaft facing down 8.9 15 22 42 84 150 230 290 480 630
Installation accuracy
Maintain the recommended tolerances shown in Figure 260-1 and
Table 260-1 for peak performance.

,:\Q:

e

< .

.

i

7

Fig. 260-1

LLIb [A]
Unit: mm

Size 14 17 20 25 32 40 45 50 58
a 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031
b 0.017 0.020 0.020 0.024 0.024 0.024 0.032 0.032 0.032
(0.008) (0.0100 (0.010) (0.012) (0.012) €0.012) (0.012) €0.015) (0.015)

c 0.030 0.034 0.044 0.047 0.047 0.050 0.0683 0.066 0.068
(0.016) (0.018> (0.019) €0.022) (0.022) (0.022) (0.024) (0.030> (0.033)

* The value in the parentheses indicates that Wave Generator does not have an Oldham coupling.
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Installation Recommendations

m Installation sequence

The wave generator is installed after the flexspline and circular spline. If the wave generator is not inserted into the flexspline last, gear teeth

scuffing damage or improper eccentric gear mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise

and vibration, and can lead to early failure of the gear. For proper function, the teeth of the flexspline and Circular Spline mesh symmetrically.

Assembly order for basic three elements

Fig. 260-2

Flexspline/CRB inner ring

Flexspline/CRB outer ring

Wave generator

Note: Do not assemble
Wave Generator from
Diaphram of Flexspline

Wave generator

* CRB: Cross noller bearing

= Precautions on assembly

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

Wave generator

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

2. Extra care must be given to ensure that concentricity and
inclination are within the specified limits (see page 253).

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

Circular spline

The circular Spline must not be deformed in any way during the

assembly. It is particularly important that the mounting surfaces

are prepared correctly.

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

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

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

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

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

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

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

Flexspline

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

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

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

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

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

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

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

Rust prevention

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

T - - -
CSD -20-100- 2UH - SP .
: : : 9
E E”““”"“'--'.........- ...-'..“-“‘-'-.E E -Ioo.oooo..o...'."UIU!D.IOQ§ &
: i H H i 3‘
v \ v \ \ Table 211-1 o
Series Special specification
14 50 100 = 2UH= Unittype Blank= Standard product
17 50 100 — (Size 14 to 50) SP = Spacial specification code
20 50 100 160 2UF= Hollow shaft
Sl 25 50 100 160 (Size 14 to 40) 9
32 50 100 160 @
40 50 100 160 gg
50 50 100 160 m
* The reduction ratio value is based on the following configuration: Input: wave generator, fixed: circular spline, output: flexspline %
w
i :
Technical Data 2
=3
g
Rating table =]
n CSD-2UH Table 211-2
H Rated Torque at Limit for Repeated Limit for Average  Limit for Momentary Maximum Input Limit for Average Moment of w
cs D Gea r U n Its Siza Ratio 2000rpm Peak Torque Torque Peak Torque Speed (rpm) Inlpult Spee\rrj (rpm) Inertia = o
Auvailable in two form factors, the CSD series gear units offer zero backlash while remaining lightweight and compact. N kgfm kgfm kgfm kgfm _ _ Grease lubricant  _ Grease lubricant _ I(x107kgm®) _ J(xiU'gims") 8
These units are ideal for humanoid robots, aerospace, semiconductor equipment and many other critical applications. 14 150'; :': g-:: :g ‘1‘: ‘;-: g'g : :-; 8500 3500 0021 | 0021 =S
Ratios available are from 50:1 to 160:1. ; - _ : = : = L
i 50 1 11 23 23 18 1.9 48 4.9 7300 0.054 61065 s
100 16 1.8 37 | as 27 28 71 7.2 i s 5 &
Features 50 17 1.7 39 4.0 24 24 69 7.0 8
20 100 28 2.9 57 5.8 34 35 95 9.7 6500 3500 0.090 0.092 3
m Zero backlash 160 28 2.9 64 6.5 34 35 95 97 -g
] 50 27 2.8 89 7.0 38 3.9 127 13 S
m (Gompact cesign 25 100 47 48 110 11 75 7.6 184 19 5600 3500 0.282 0.288 %
m Hollow shaft (2UF only) 160 | 47 | 48 | 123 | 13 75 | 76 | 204 | 21
m High-load capacity 50 53 54 151 15 75 76 268 27
- Lightweight 32 100 96 10 233 24 151 15 420 43 4800 3500 1.09 1.1 o
160 96 10 261 27 151 15 445 45 b
= 50 926 10 281 29 137 14 480 49 o
Structure of CSD Gear Unit Fig. 210-4 40 | 100 | 185 | 19 | 38 | 41 | 260 | 27 | 700 | 71 4000 3000 285 | 291 &
160 | 206 21 453 46 316 32 765 78 =
50 172 18 200 51 247 25 1000 | 102 g
CSD-2UH CSD-2UF 50 | 100 | 328 34 686 70 486 48 1440 | 147 3500 2500 8.61 8.78 S
160 370 38 823 B4 590 60 1715 | 175 o]
o
] 1 (Note) Moment of inertia: I={-GD* 2
=3
Circular Spline = CSD-2UF Table 211-3 =
Output flange ange Rated Torque at  Limit for Repeated Limit for Average  Limit for Momentary ~ Maximum Input Limit for Average Moment of °
- === Wave Generator Output f 2000rpm Peak Torque Torque Peak Torque Speed (rpm) Inlpult Spee\rrj (rpm) Inertia v
" = i - - ? T e #
- Nm kgfm Nm kgfm Nm kgfm kgfm Grease lubricant Grease lubricant  1{x107kgm™}  Jix10%igime ™)
‘&JrH—F] || /M w |90 | 37 | 038 48 — — o || o
100 5.4 0.55 19 1.9 7.7 0.79 35 36 2 ’
50 1" 11 23 23 18 1.9 48 49 :
7 900 | 16 | 16 | a7 | a8 | 27 | 28 | M | 72 7300 3500 0.05¢ | 00%
50 17 1.7 39 4.0 24 24 69 7.0
20 | 100 28 29 57 5.8 34 35 95 9.7 6500 3500 0.090 0.082
— 160 28 29 64 6.5 34 35 95 9.7
| — 50 27 2.8 69 7.0 38 39 127 13
3 C 25 [ 100 a7 48 110 11 75 7.6 184 19 5600 3500 0.282 0.288
7 160 47 4.8 123 13 75 7.6 204 21
EB(-% : 50 53 5.4 151 15 75 76 268 27
Cross roller
bearing Flexsoline 32 100 96 10 233 24 151 15 420 43 4800 3500 1.09 1.11
p ; e Flexspline 160 96 10 261 27 151 15 445 45
b p 5 | 9 | 10 | 281 | 20 | 137 | 14 | 480 | 49
— : 40 | 100 185 19 398 41 260 27 700 71 4000 3000 2.85 2.91
160 206 21 453 46 316 32 765 78

(Note) Moment of inertia: I= § GD?
57— ~58—



Qutline dimensions CSD-2UH Outline dimensions CSD-2UF
Fig. 2121 Fig. 2131
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L z * Please refer to the confirmation drawing for detalled dimensions. g
* See Fig. 064-2 on Page 064 for the wave generator form factor '8
=
3
! Dimensions CSD-2UF Table 213-1 %
Unit ; mm
%T Symbol Size 14 17 20 25 32 40
* Please refer to the confirmation drawing for detalled dimensions. i "’"‘Bh" ;g 2;"7 29:8 3";‘_“5 1;: 147: 2
* See Fig. 064-2 on Page 064 for the form factor i :
e e c 05 05 23 2.1 28 6.5 %
@D H7 48 56 64 80 106 132 T
QE H7 11 15 20 24 32 40 ®
oF 9 9 18 22 29 a7 §
; s G H7 30 34 40 52 70 80
Dimensions CSD-2UH @
kg oH 49 59 69 84 110 132 §
Unit : mm @l h7 70 80 90 110 142 170 '§
Symbol Size 14 17 20 25 32 40 50 J 49 5.4 48 55 & 4 2
QA N7 55 62 70 85 112 126 157 K 25 2.5 25 3 3 3 E
B % 265 207 a7 @ 517 625 L 129 184 168 105 2 a7 3
c 23 245 277 34.1 40 a7 58.5 M 28% 28% 28% 34% 35% 3.6%
D 2 2 2 3 3 2 4 N 45 54 523 6.3 5 8.6 3 10.3 3
£ 05 05 05 05 1 1 1 @O(PCD) 17 21 26 30 40 50 o
— : - > P 4 4 4 4 4 4 92
@F h7 425 495 58 73 26 108.5 136 g e e . o b NS o
@G H7 11 15 20 24 32 40 50 w
oHHT 11 11 16 20 30 32 44 RED = o " i 3 e 3
@l H7 12 14 18 24 32 36 48 : ®
- - QT 34 34 34 45 55 6.6 o
o 31 38 45 58 78 90 112 UPCD) 2 %0 - 73 a6 118 o
oK h7 55 62 70 85 112 126 157 L 3
L 5 5 5 55 55 6 7 L s 10 B £ 8 Lo S
M 178 17°% 179 26°% 25 34 32°% - i i sl MS8 sial il 3
N 148 163 188 27 306 365 43 2 SN e 4 a6y . S =
7 ' . . ; ; Y 49.0x1.50 59.4x1.20 S70 885 8115 5140 =
[6) 43 53 5.2 4 6.3 % 864 10.3 34 12.7 34 g
oz 38 45 53 66 86 106 @
@P(PCD) 17 21 26 30 40 50 60 Mass () o5 fie oo 7 59 o7
@Q(PCD) 49 56 64 79 104 117.5 147 - - : : - :
R 6 10 12 18 18 18 22 O BT EMEMEIESE (FE. VNI ) FE, A=EFEER. XTFIOETHEAZNRYT, UIETRAZTEE, TSNS TSSRERE.
S 3.4 34 34 34 45 55 6.6
0 4 4 4 4 4 4 4 -
u M3 M3 M3 M3 M4 M5 M6 Positional accuracy See "Engineering data” for a description of terms.
QV(PCD) 25 27 34 42 57 72 88
w 10 8 8 8 10 10 10
X M3x7 M5x8 M6x9 M8x12 M8x12 M10x15 M12x18 Positional x10 rad 44 44 29 29 29 29
oY 38 45 53 66 86 106 133 Accuracy arc min 15 15 1.0 1.0 1.0 1.0
Z 3 3 35 45 5 6.5 75
Mass (kg) 0.35 0.46 0.85 1.2 24 36 6.9 Hys{eres]s loss o —— —— Dabie 2142
-]
® Due tl’t different manufaet:l;lin?izr:daﬁnds h(?;rstmg.wnl'lachlning) of components, tolerances also vary. For dimensions without specified tolerances, please Rade. | Lnii Size 14 17 20 25 32 40 50
consult our company or autho agen e tolerance range w w10 rad 73 a4 e e 44 v 44
arc min 25 15 15 15 15 15 15
100 or %10 rad 5.8 29 29 29 29 29 28
mora arcmin 2.0 1.0 1.0 1.0 1.0 1.0 1.0
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Torsional stiffness

See "Engineering data” for a description of terms.

Table 214-3
Itemn Unit Size 14 17 20 25 32 40 50
T Nm 2.0 39 7.0 14 29 54 108
kgfm 0.2 0.4 0.7 14 3.0 55 1
T2 Nm 6.9 12 25 48 108 196 382
kgfm 0.7 1.2 25 49 11 20 39
K %10* Nm/rad 0.29 0.67 1.1 20 47 8.8 17
kgfm/arc min 0.085 0.2 0.32 0.6 1.4 26 5.0
K %10* Nm/rad 0.37 0.88 1.3 2.7 6.1 11 21
kgfm/arc min 0.11 0.26 0.4 0.8 1.8 3.4 6.3
Reduction Ks »10* Nm/rad 0.47 1.2 2.0 3.7 8.4 15 30
ratio kgfm/arc min 0.14 0.34 0.6 1.1 25 4.5 9.0
L 61 x10™* rad 6.9 5.8 6.4 7.0 6.2 6.1 6.4
arc min 24 2.0 22 24 21 2.1 2.2
82 %10 rad 19 14 19 18 18 18 18
arc min 6.4 4.6 6.6 6.1 6.1 59 6.2
K1 x10* Nm/rad 04 0.84 1.8 27 6.1 11 21
kgfm/arc min 0.12 0.25 0.4 0.8 1.8 3.2 6.3
Ke x10* Nm/rad 0.44 0.94 1.7 37 7.8 14 29
kgfm/arc min 0.13 0.28 0.5 1.1 23 42 8.5
Reduction Ks %10* Nm/rad 0.61 13 25 4.7 11 20 37
ratio kgfm/arc min 0.18 0.39 0.75 14 33 58 1
MR x10* rad 5.0 46 54 52 48 49 5.1
arc min 1.7 1.6 1.8 1.8 1.7 1.7 1.7
62 %10 rad 16 13 15 13 14 14 13
arc min 5.4 4.3 5.0 4.5 4.8 4.8 4.6
* The values in this table are reference values. The mini value is approxi ly 80% of the displayed value.
Starting torque See "Engineering data® for a description of terms. The values in the table below vary depending on the use conditions,
use tham as reference values.
m CSD-2UH Table 214-4 Unit: Nem m CSD-2UF Table 214-5 Unit: Nem
Ratio SZe 14 17 20 25 32 40 50 Rao 57 14 17 20 25 32 40
50 4.4 6.7 B9 16 32 55 102 50 53 75 9.7 17 34 58
100 28 38 5.1 9.1 20 32 60 100 3.2 4.2 55 9.6 21 33
160 = e 3.9 7.2 15 26 47 160 = o 4.1 7.4 16 27

See "Engineering data" for a description of terms. The values In the table below vary depending on
the use conditions, use them as reference values.

s CSD-2UH Table 215-1 Unit; Nm
Ratio Slkze 14 17 20 25 32 40 50
50 29 43 5.2 9.5 19 33 61
100 35 4.6 6.0 11 23 38 71
160 - - 74 13 30 48 89
= CSD-2UF Table 215-2  Unit: Nm
T Size 14 17 20 25 32 40
50 3.3 4.7 56 10 20 34
100 39 5.0 6.4 1 24 39
160 - - 7.8 14 7 49
Ratcheting torque See "Engineering data” for a description of tarms.
Table 215-3 Unit; Nm
. S 14 17 20 25 32 40 50
Ratio
50 88 150 450 980 1800 3700
100 B4 160 260 500 1000 2100 4100
160 — — 220 450 980 1800 3600
Buckling torque See "Engineering data" for a description of terms.
Table 215-4 Unit: Nm
Size 14 17 20 25 32 40 50
Total reduction ratio 190 330 560 1000 2200 4300 8000
—61-

Checking output bearing

A precision cross roller bearing is built in the gear unit to directly support the external load (output flange).Check the maximum moment load,
life of the bearing and static safety coefficient to fully bring out the performance of the unit type. See Page 030 to 034 of "Engineering data"
for each calculation formula.

m Checking procedure
(1) Checking the maximum moment load (Mmax)

‘Gﬂbluhhrrnﬁumrmmm(mrrﬂ. M Maximum moment load (M max) = allowable moment (Mc)

(2) Checking the life

| alculto the radial load (Frav and the average axiload (Fen). [, Soculele e mdilload coeffien () and the axial oad gl Cacuiate the Hetine

(3) Checking the static safety coefficient
‘ Calgulate the static equivalent radial load cosfficient (Po). »{ Check the static safety coefficient. (fs)

= Qutput bearing specifications
The specifications of the cross roller bearing are shown in Table 220-1 and -2.

= CSD-2UH Table 220-1
Pichcmada.  Offset Basic rated load Allowable momentload Mc  Moment stiffness Km  Allowable axial  Allowable
dp Basic dynamic rated load C Basic static rated load Co x10* kgfm load Fa  radial load Fr
m x102N kgf *102N Nm " Nm/rad [ arc-min *102N *102N
14 0.035 0.0085 47 480 60.7 620 41 4.2 4.38 1.3 10.1 6.74
17 0.0425 | 0.0099 52.9 540 75.5 770 64 65 7.76 23 1.3 7.58
20 0.050 0.0102 57.8 590 20 920 91 9.3 12.8 3.8 124 B.28
25 0.062 0.0130 86.0 880 151 1540 166 16 242 7.2 205 13.8
32 0.080 0.0144 160 1630 250 2550 313 32 539 16 321 2.16
40 0.096 0.0151 213 2170 365 3720 450 46 a1 27 45.6 3.05
50 0.119 0.0192 348 3550 602 6140 759 77 171 51 74.4 4.99
= CSD-2UF Table 220-2
it gﬂfﬁf‘ﬂ- Basic rated load Allowable momentload Mc ~ Moment stifiness Km  Allowable axial  Allowable
dp Basic dynamic rated load C  Basic static rated load Co x10* kgfm loadFa  radial load Fr
- Nm kgfm . ,
m *x10%N kgf *10°N kgf Nm/rad  /arc-min x10?N x10%N
14 0.050 0.0118 57.8 580 a0 920 91 8.3 12.8 3.8 124 8.28
17 0.060 0.0123 104 1060 163 1670 124 126 15.4 4.6 222 14.9
20 0.070 0.0128 1486 1490 220 2250 187 19.1 252 7.5 3.2 209
25 0.085 0.0134 218 2230 358 3660 258 26.3 39.2 11.6 46.6 3.2
32 0.111 0.0168 382 3900 654 6680 580 59.1 100 29.6 B1.7 54.7
40 0.133 0.0215 433 4410 816 8330 849 86.6 179 53.2 92.6 62.0
(Note)

* The basic dynamic rated load means a certain static radial lo &d so that the basic dynamic rated life of the roller bearing is one million rotations.

* The basic static rated load means a static load that gives a certain level of contact stress (4 kN/mm?2) in the center of the contact area between the rolling
element recelving the maximum load and the orbit.

* The value of the moment stifiness is the average value.

* Allowable moment load Is the maximum moment load that may be applied to the output shaft. Please adhere to these values for optimum performance.
The value of the moment stiffness s the reference value. The lower-limit value Is approximate 80% of the displayed value.
Allowable axial or radial load is the value that satisfies the reducer life when either a genuine radial load or an axial load Is applied to the main shaft.
(When radial load is Lr+R=0mm, and axial load is La=0mm)

Recommended tolerances for assembly

Recommended tolerances for assembly
Input: Wave generator
Output: Circular spline
Fixed: Flexspline
m CSD-2UH Table 221-1
Unit: mm
Symbol Size 14 17 20 25 32 40 50
a 0.010 0.010 0.010 0.015 0.015 0.015 0.018
b 0.010 0.012 0.012 0.013 0.013 0.015 0.015
c 0.007 0.007 0.007 0.007 0.007 0.007 0.007
d 0.010 0.010 0.010 0.010 0.010 0.015 0.015
e 0.025 0.025 0.025 0.035 0.037 0.037 0.040
m CSD-2UF by rting
Symbol Size 14 17 20 25 32 40
a 0.010 0.010 0.010 0.015 0.015 0.015
b 0.010 0.010 0.010 0.010 0.013 0.013 ﬁ
c 0.010 0.010 0.010 0.010 0.013 0.013
d 0.010 0.010 0.010 0.010 0.013 0.013 . 3
e 0.031 0.031 0.031 0.041 0.047 0.047 =
e =
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Design Guide
Installation and transmission torque

Fig. 223-1
CSD-2UH CSD-2UF
Output flange side
/ Case sic
Output flange side
m Installation on output flange side and resulting transmission torque
m CSD-2UH Table 223-1
Item Size 14 17 20 25 32 40 50
Number of bolts 10 8 8 8 10 10 10
Bolt size M3 M5 M6 M8 M8 M10 M12
Pitch circle mm 25 27 34 42 57 72 88
Bolt tightening torque | Nm 24 10.8 18.4 44 44 74 128
Torque transmission Nm 50 122 217 486 824 1665 2933
capacity (bolt only)
m CSD-2UF Table 223-2
Item Size 14 17 20 25 32 40
Number of bolts B 10 8 8 8 12
Bolt size M3 M3 M4 M5 M6 M8
Pitch circle mm 42 50 60 73 96 118
Bolt tightening torque | Nm 24 24 5.4 10.8 18.4 18.4
Torque transmission Nm 70 104 167 329 765 1109
capacity (bolt only)
m Bolt connection to housing and resulting transmission torque
s CSD-2UH Table 223-3
IS Size 14 17 20 25 32 40 50
Number of bolts 6 10 12 18 18 18 22
Bolt size M3 M3 M3 M3 M4 M5 M6
Pitch circle mm 49 56 64 79 104 1175 147
Bolt tightening torque | Nm 24 24 24 24 54 10.8 184
Torque transmission Nm 43 82 112 207 461 833 1804
capacity (bolt only)
m CSD-2UF Table 223-4
Item Size 14 17 20 25 32 40
Number of bolts 6 8 8 10 10 10
Bolt size M3 M3 M3 M4 M5 M8
Pitch circle mm 64 74 84 102 132 158
Bolt tightening torque | Nm 24 24 24 5.4 10.8 18.4
Torque transmission Nm 80 123 140 359 743 1259
capacity (bolt only)

(Table 223-1 to 223-4/Notes)
1. The material of the thread must withstand the clamp torque.

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

4. Clamp coefficient: A=1.4

5. Tightening friction coefficient p=0.15

&
i

Recommended tolerances for assembly

For peak performance of the gear, it is essential that the following tolerances be observed when assembly is complete.
Pay careful attention to the following points and maintain the recommended assembly tolerances to avoid grease leakage.

e Warp and deformation on the mounting surface
e Blocking of foreign matter
e Problems caused by burrs, raised surfaces and location around the tap area of the mounting holes
e Insufficient chamfering on the housing mount
e Insufficient radii on the housing mount
Recommended Tolerances for Assembly Fig. 222-1
CSD-2UH CSD-2UF n“n
Case mating face
(1] a [A] [A]
E=EaL 4 S
-
: | 1
=1 | i i Sis
$ H ?
i H 3 i |
L] b [A]
Wave generator Wave generator
mounting face mounting face
©Of e [A] O] e [A]
Recommended shaft Recommended shaft
tolerance h& tolerance hé
Tolerances for Assembly CSD-2UH Table 222-1 Unit: mm
Symbol Size 14 17 20 25 32 40 50
a 0.011 0.015 0.017 0.024 0.026 0.026 0.028
b 0.008 0.010 0.012 0.012 0.012 0.012 0.015
(1] 0.016 0.018 0.019 0.022 0.022 0.024 0.030
Tolerances for Assembly CSD-2UF Table 222-2 Unit: mm
Symbol Size 14 17 20 25 32 40
a 0.011 0.015 0.017 0.024 0.026 0.026
b 0.008 0.010 0.012 0.012 0.012 0.012
Pc 0.016 0.018 0.019 0.022 0.022 0.024

"

Grease lubrication is standard for the CSD-2UH and CSD-2UF.
There is no need to add or apply grease upon installation since
the products are shipped with the grease applied. CR0-2uH cso-aur

See table below for recommended housing dimensions. These
dimensions must be maintained to prevent damage to the gear i
and to maintain a proper grease cavity. i
g 5 z & [0
s Recommended housing dimensions vatismaes Uik [— r
Siza i
Symbol 14 17 20 25 32 40 50 p i
a* 1 1 1.5 1.5 2 25 3.5 E:
a 3 3 45 45 6 7.5 10.5 8
ob*¥ 18 26 30 a7 37 45 45

* For the wave generator facing downward
** For the wave generator facing upward

The following sealing mechanism Is required to prevent grease
leakage and maintain the high durability of the gear.

Sealing area and the recommended sealing method for the urﬁltypeTmm_a

Recommended

Area requiring sealing sealing method

* Rotating Parts .o Oil seal (with a spring). Pass-through hole In the center
Surface should be smooth (no scratches) of the u,rgo:ﬂt ﬂgn;angndaﬂ;.: Use &I}m (supplied with the
* Mating flange ........ceesses O-ring and seal adhesive. Output | ouputfiange mafing facs prod
Take care regarding distortion on the plane o Mounting screw area Screw lock agent with sealing effect
and how the O-ring is engaged. (Locktite 242 is recommended)
* Screw hole area........cu..... Screws should have a thread lock (Locktite input Flange mating face Use O-ring (supplied with the product)
242 is recommended) or seal adhesive. :
et e
(Note) if you use Harmonic Greasa® 4BNo.2 lubrication, strict sealing is required.
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Axially compact, these gear units feature a large hollow input shaft
and a robust cross roller bearing so loads can be mounted directly
to the unit without the need for additional support bearings

2
Q
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=
Q
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Features of SHD series

hasssssssnsnnnne

Sessasasssssnnnanss

m Zero Backlash § § Fessrssnsnsssnanans : {
» Ultra-flat design - 15% thinner than the SHF Series  J  / v | AR——
m Large Hollow Input Shaft
m Accuracy <1 arc-min (most sizes) 8
= 5 14 50 100 —
u R:Igld u?ss roller output baa'nng . o 5 0 — LW = Lightweight g
m Lightweight - 30% lower weight than Standard SHF Series - 20 50 100 180 2SH = Simplicity Unit SP= fu%?al specification %
25 50 100 160 e S Blank=Standard product ®
32 50 100 160 §
40 50 100 160 3
*1 The reduction ratio value is based on the following configuration: =
Input: wave generator, fixed: circular spline, output: flexspline g
Fig. 268-1 Fig. 268-2 2
CRB ) CRB outer ring %’
= Circular spline |
CRB inner i '
[ ( nner ring) %\ i g:,
1 Rating table 2
1 o o Table 270-1 C:E
Wave generator p— " =
Flexspline (Input) SHF series (250) §’
(Output) 2
\\ i ' M— - | I.” | 50 | 37 0.38 12 1.2 | 48 0.49 23 2.3 4 - g
L 100| 54 | 055 | 18 | 19 | 77 | 079 | 35 | 36 26 400 el | DR g
Bolt to prevent 1= 50 11 1.1 23 23 18 1.9 48 4.9 3
separation a i 10| 16 | 16 | 37 | 38 | 27 | 28 | 11 | 72 s piiin it | S8 %
L= SHD series 50 | 17 17 39 40 | 24 24 69 7.0
20 100 28 2.9 57 5.8 34 35 95 10 6500 3500 0.080 | 0.092
160 | 28 2.9 64 6.5 34 35 95 10 o
50 | 27 28 69 7.0 38 39 127 13 W
25 100 | 47 48 110 1 75 7.6 184 19 5600 3500 0.282 | 0.288 o
Fig. 268-1 w
160 | 47 48 123 13 75 7.6 204 21 &
50 | 53 5.4 151 15 75 7.6 268 27 &
SCARA robot 2
oy S 32 100 96 10 233 24 151 15 420 43 4800 3500 1.09 | 1.11
SHD is ideal when space is limited.
: N 160 06 | 10 | 261 | 27 | 151 | 15 | 445 | 45 g
50 | 96 10 281 29 137 14 480 49 3
- 40 100 | 185 19 398 41 260 27 700 7 4000 3000 285 | 291 =1
| il 160 | 206 21 453 46 316 32 765 78 ‘_—_3
| (Note) 1. Moment of Inertia: I=GD? s
2. See Rating Table Definitions on Page 12 for details of the terms. (]

j /S
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Outline Dimensions SHD-2SH Positional Accuracy e —— Table 273-1

Unit: X10™rad (arc:min)
You can download the CAD files from our website: www.3fgearbox.com Fig. 270-1
5 Sl *107ad 44 44 29 2.9 29 2.9 2
E_|E Accuracy arc min 15 15 1.0 10 1.0 1.0 -
E Usable pliot length E
fonng g (ssal) FIYSIErosis (035 o e — )
@ (o-ing - _ Table 273-2 s
i 5
o i *107*rad 7.3 58 58 58 58 58
d % H @ arc min 25 20 20 20 20 2.0
100 or *10"*rad 58 29 29 29 29 29
= ":E . .| B mare arc min 20 1.0 1.0 1.0 1.0 1.0
¥ X | ®g &
g =l Tes 8IE Torsional Stiffn S
e Torsional Sfiness _em—p————r 2
Table 273-3 L2
Jad 5 Nem 20 39 7.0 14 29 54 2
P.P: length Py ey : g 02 04 0.7 14 30 55 g
Note 1: - b = Nm 6. 12 25 48 108 196 =
See undercutting the housing on Page 240 for details. kgfm 0.7 1.2 25 49 11 20 =
* Please refer to the confirmation drawing for detailed dimensions. *10'Nmvrad 0.29 0.67 1.1 20 4.7 8.8 o
*See Fig. 040-3 on Page 040 for the shapes of the wave generator Ki kgfmiare min 0.085 0.2 0.32 0.6 1.4 28 T
K =10 0.37 0.88 13 27 6.1 " %
P ¢ kgim/arc min 0.11 0.26 0.4 0.8 1.8 3.4
Dimensions SHD-2SH R T— Ratio i *10*Nmirad 047 1.2 20 37 B.4 15 -
- - 50 kgimfarc min 0.14 0.34 0.6 11 25 45 o
= ~—— *10™rad 6.9 5.8 6.4 7.0 6.2 6.1 Q
PAhB 49 Son 59 Sow 89 Son 84 S 110 o 132 e 8 arcmin 24 20 22 23 21 21 C:E
9B, 39.1'%;: 453; 58.5;3; 70.5'%" 3 11247 *107*rad 19 14 19 18 18 18 =y
B, 0.8% 1.1% 143 178 28* 22" ™ = 64 46 6.3 6.1 6.1 59 ®
@C H7 115 155" 20%™ Ly 3= 407 e 04 084 13 57 X T =%
D 17.5 w1 18.5 01 19 104 22 104 27.9 101 33 101 K . . - - 3
E 155 165 17 20 236 28 kgimiarc min 0.12 0.25 0.4 0.8 1.8 3.2 8
5 3 5 3 3 Vir & o |2 044 0.94 17 a7 7.8 14 =1
F 53 5 = s 35 4 v kgimiare min 013 0.28 05 14 23 42 3
G* 18 18 12 0.4 08 0.8 more | , | "10Nm/md 0.61 1.3 25 47 1 20 o}
H 45 6.5 5.2 4 6.35 51 8.6 51 10.3 -4 kgimdarc min 0.18 0.39 0.75 14 33 5.8 i
1% 15.7 %2 16.9 %2 17.8 4. 216 2 2730 3224, *10-rad 5.0 4.6 54 52 4.8 4.9 %
@Jh7 70 S0 80 Sow 00 Soss 110 Baes 142 0w 170 S0 & arcmin i B 1.6 1.8 1.8 1.7 1.7
QK H7 650%™ 618" 718%™ 88%™ 114%™ 140> *10"rad 16 13 15 13 14 14
L 8 12 12 12 12 12 & arc min 54 43 5.0 45 48 48 o
oM 35 35 35 45 55 6.6 W
oN 0.25 0.26 0.26 0.25 0.25 0.3 w]
90 64 74 84 102 132 158 w
P, 2 2 2 4 4 4 Simplicity unit (2SH) Starting torque Table 274-1 -
B M3 M3 M3 M3 M4 M4 Ses "Engineering data” for a description of terms. The values are reference values. Unit: Ncm o
P [ 6 6 8 10 10 \ ' ' ' ' 2
Py 22,5 15° 15* 15* 15 15" - : 3
0Q 17 2 26 a0 40 50 50 6.2 19 25 39 60 95 'g
R 4 4 4 4 4 4 100 48 17 22 34 50 78 3
R, M3 M3 M3 M3 M4 M5 160 — — 22 33 47 74 =
S 025 0.25 0.25 0.25 0.25 0.25 %‘
= - - o = - 2 Simplicity unit (2SH) Backdriving torque Table 2743 2
U, M3 M3 M3 M4 M5 M8 : See "Engineering data" for a description of terms. The values are refer values. Unit: Nem
v 45 45 45 6 8 9 \
oW 025 0.25 0.25 025 0.25 0.3 =
X, Co4 co4 Co5 co5 c05 Co5 50 3.7 1 15 24 36 57
% co4 co4 co5 05 cos co5 100 58 21 27 41 60 9
2 ai 68.1%" 788 24,87 123% 1487 160 —_ —_ 42 64 91 143
Z z% 2% 278" 24%% 275" 2.7%"
i :a 3?'5 415 1535 :‘65 B: 120: RatCheting torque See “Engineering data” for a description of terms. T.'j: “?;::
chaiiice: |95 31 38 45 56 73 90 g T
d 14 18 1.7 1.8 18 1.8 \ _ .
e d37.1d0.6 d45.4d0.8 d53.28d0.99 d66.5d1.3 d87.5d1.5 d107.5d1.8 50 88 150 220 450 980 1800
f d54.38d1.19 d64.0d1.5 d72.0d2.0 d88.62d1.78 d117.0d2.0 d142d2.0 100 84 1860 260 500 1000 2100
g D49585 D50685 D69785 D84945 D1101226 D1321467
h 1.5 15 1.5 1.5 33 4 160 — = - — — 1800
Mass (kg) 0.33 0.42 0.52 0.91 1.87 3.09
® The following dimensions can be modified to @ *The G and | sizes indicated by an asterisk are the mounting positions in the shatt direction and Buckling torque $ee "Englwering dots” for 6 description of ierms. T.lg:llf?r::
accommodate: allowance of the three parts (wave generator, flexspline, circular spline). Strictly observe these -
Wave Generator: C sizes as they affect the performance and strength.
Flexspline: ~ OandP @ As the flexspline is subject to elastic deformation, the inner wall should be @a, b, ¢ or more and Total reduction ratio 130 260 470 850 1800 3600
Circular Spline: X 1and X2 it should not exceed @d to prevent possible contact with the housing.
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Checking output bearing

A precision cross roller bearing is built in the unit type to directly

support the external load (output flange).

Check the maximum moment load, life of the cross roller bearing

and static safety coefficient to fully bring out the performance of the unit type.

See page 030 to 034 of "Engineering data" for each calculation formula.

m Checking procedure

‘ Calculate the maximum moment load {Mmaox). ‘ ‘ Maximum moment load (Mmax) = allowable moment {Mc)

‘mmmmmmwmnummmm(ﬁw}. ‘ ‘ c"“‘m!"*(;”"'““"’“f"“"“‘l’""‘”""“'m ‘ ‘mmmlm

‘ Calculate the static equivalent radial load coefficient (Po). l ‘ Check the static safety coefficient. (fs)

m Output bearing specifications
The specifications of the cross roller are shown in Table 280-1.

Table 280-1
14 0.0503 0.0111 29 296 43 438 7 38 7.08 241
17 0.061 0.0115 52 530 81 826 62 6.3 127 3.8
20 0.070 0.011 73 744 110 1122 93 9.5 21 6.2
25 0.086 0.0121 108 1111 179 1825 129 132 N 8.2
32 0.112 0.0173 191 1948 327 3334 290 206 82.1 244
40 0.133 0.0195 216 2203 408 4160 424 432 145 43.0

(Note) * The basic dynamic rated load means a certain static radial load so that the basic dynamic rated life of the roller bearing is one million rotations.
* The basic static rated load means a static load that gives a certain level of contact stress (4 kN/mm 2) in the center of the contact area between the
rolling element receiving the maximum load and the orbit.
* The value of the moment stiffness Is the average value.

(Note) The life of the gear indicates the life (L10=7000 hours) of the wave generator bearing when it operates at 2000rpm input rotational speed and the rated
torque (see "Life of the wave generator” on Page 012).
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Installation accuracy

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

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

e Warp and deformation on the mounting surface

e Blocking of foreign matter

e Problems caused by burrs, raised surfaces and location around
the tap area of the mounting holes

¢ |nsufficient chamfering on the housing mount

o |Insufficient radii on the housing mount

Fig. 281-1
. Case mating face
O] ev A [L] e [B]
Recommended shaft A B
tolerance H6 or h6 D D
— :
=
g d @z 4 N N
! 2 2 T
] Eg Eg x._‘!ﬂ
| 28 2 T
i H7 7
] OO
(L] 2 TA] Ll 4 [8]
Flexspline mounting face Wave generator mounting face
Recommended shaft
tolerance h6
Table 281-1
Unit mm
a 0.016 | 0.021 0.027 0.035 0.042 0.048
$b 0.015 0.018 0.019 0.022 0.022 0.024
c 0.011 0.012 0.013 0.014 0.016 0.016
d 0.008 0.010 0.012 0.012 0.012 0.012
de 0.016 0.018 0.018 0.022 0.022 0.024
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Installation and transmission torque Output part and fixed part -
E216-1

Table 282-2 The output part of SHD series varies from the fixed position. ——

In addition, the reduction ratio and direction of rotation also change, SRS —
and the relationship is shown in the following figure 8
Number of bolts 8 12 12 12 12 12 T g’
l =
Bolt size M3 M3 M3 M4 M5 M6 ,t §
Plon Chels | o 64 74 84 102 132 158 #216-1 Pespine < 11 ] )
Diameter
Clamp Nm 24 24 20 45 9.0 153 =
o 0 0 Flexspline Circular spline @ on page 9
torque
()
(Notes) 1. The material of the thread must withstand the clamp torque. 3. Torque coefficient: K=0.2 5
2. Recommended bolt: JIS B 1176 socket head cap screw. 4. Tightening coefficient: A=1.4 8
Strength range : JIS B 1051 over 12.9. 5. Tightening friction coefficient y=0.15 iz
Standard lubrication for SHD series is grease lubrication. g)
Table 282-3 See "Engineering data" on Page 016 for detalls of the lubricant . §
i e | Recommended minimum housing clearance g
Number of bolts 8 12 12 12 12 12 These dimensions must be maintained to prevent damage to the Flg. 283-4 =
gear and fo maintain a proper grease cavity. =3
- Maximum Length for Installation ]
Bolt size M3 M3 M3 M4 M5 M6 il et ie T "
i e o E
Dlarrater mm 43 52 614 76 99 120 1 |
- Ta:lj:leiltzaa-ﬁ is Tl w
Effective mm 45 4.5 45 6 8 9 nit: mm 0o AT £
of screw part = 3 . o P’EE o
Clamp Nm 2.0 2.0 2.0 45 9.0 153 - . | . _ E @
torque @a 36.5 45 53 66 86 106 == J T
Transmission | 72 130 154 321 668 1148 b 1(3) 1(3) | 1.5(45) | 1.5(45) | 2(6) |25(7.5) s o
torque =
9c 31 38 45 56 73 90 ) & & 2
=3 =2
(Notes) 1. The material of the thread must withstand the clamp torque. 3. Torque cosfficient; K=0.2 d 14 18 1.7 18 1.8 18 8
2. Recommended bolt: JIS B 1176 socket head cap screw. 4. Tightening coefficient: A=1.4 e 1.5 1.5 15 1.5 33 4 3
Strength range : JIS B 1051 over 12.9. 5. Tightening friction coefficient p =0.15 {Note) The value in parenthesis is the value when the wave generator Is facing upward. -§
@
=
Application guide :§
As the SHD series is shipped with the outer race of the cross roller bearing and the flexspline temporarily bolted together, grease is applied to the gear
teeth, the periphery of the flexspline and the tooth groove of the circular spline. Refer to the following application guide for grease application instructions.
3 f (9]
Recessing of the mounting pilot b A g
When the housing interferes with corner "A" shown below, an Cross roller bearing (outer race) fﬁ'
undercut in the housing is recommended. 3
) w
£
Fig. 2831 Fig. 283-2 :] ‘., Circular spline Wave Genoraiise §
]
o T Apply thin coating of §
: L in ng
l{:(;,b 0.2 | grease before installation =
: =
\ 1 3
— Thickness of diameter of ﬁ@?j
Flexspline .~ wave generator bearing
i
. \_ = \
M o +— Apply grease to inner — Fill cavity between
::é:we in accordance retainer and bearing
a value shown with grease
below
Application quantity R
Unit: g
Application qty 5 9 13 24 51 99
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Precautions on installation

m Assembly order of the three basic elements

The wave generator is installed after the flexspline and circular spline. If the wave generator is

not inserted into the flexspline last, gear teeth scuffing damag

e or improper eccentric gear

mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise
and vibration, and can lead to early failure of the gear. For proper function, the teeth of the

flexspline and Circular Spline mesh symmetrically.

Wave generator

= Wave generator

E i
Circular spline
Flexspline

Cross roller bearing

m Precautions on assembly

Flg. 285-1

(Note)
Do not build in the wave generator from
the diaphragm side of flexspline.

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

following precautions.
Wave generator

Flexspline

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

2, Extra care must be given to ensure that concentricity and
inclination are within the specified limits (see page 281).

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

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

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

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

4. Bolts should rotate freely when installing through the mounting
holes of the flexspline and should not have any irregularity due

Circular spline

The circular Spline must not be deformed in any way during the

assembly. It is particularly important that the mounting surfaces

are prepared correctly.

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

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

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

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

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

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

7. Avoid pinning the circular spline if possible as it can reduce
the rotational precision and smoothness of operation.
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to the shaft bolt holes being misaligned or oblique.

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

6. The flexspline and circular spline are concentric after
assembly. After installing the wave generator bearing, if it

rotates in unbalanced way, check the mounting for dedoidal or

non-concentric installation.

7. Care should be taken not to damage the fiexspline diaphragm

or gear teeth during assembly.

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

Rust prevention

Although Harmonic Drive® gears come with some corrosion
protection, the gear can rust if exposed to the environment. The

gear external surfaces typically have only a temporary corrosion

inhibitor and some oil applied. If an anti-rust product is needed,
please contact us to review the options.

Major Applications of Our Products

; ..____,g ke

Glass and Ceramic Manufacturing Systems

=

Humanoid Robots

Semiconductor Manufacturing Systems

Paper—-making Machines

Flat Panel Display Manufacturing Systems Printed Circult Board Manufacturing Machines Aircraft Technology
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