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Company Profile

Shanghai Trans Intelligent Technology Co., Ltd.(Hereinafter referred to as TRANS) is a pro- CO NTE N TS

fessional manufacturer in the field of motion control products, which integrates R & D, manu- PAGES
facturing and sales as a whole. The TRANS company's R&D team and factory colleagues

have more than 20 years of gear design and manufacturing experience and have the core

technology of this field and advanced processing equipment. In the early stage, the factory

mainly produced worm gear reducers, UDL step-less speed changer, helical gear reducers,

hypoid gear reducers, K, R, F, S series hard gear reducers, and PC helical gear reducers. y

The company is far-sighted and has laid out the company’s future development direction in ,
advance. In the mid-term, TRANS cooperated with the German reducer technical team to TEChnlcaI Data ﬂ[
establish a precision gearbox division to cooperate in the development of high-level high-pre-
cision gear reducers, including planetary reducers and harmonic reducers (American genius
inventor C W.Musser created and invented the principle of wave gear device), 90-degree
right-angle servo gearbox (suitable for different installation and output requirements of auto-
mation), cycloidal pinwheel RV reducer (suitable for multi-joint robot industry). Also, the
company produces related products in the motion control field such as precision rack and
pinion, coupling, linear motor, servo motor, etc. Meanwhile, TRANS company also provide
non-standard customized reducer services. The precision planetary reducer produced by the
TRANS company has three characteristics of low backlash (3 ~ 8 arcmin), low noise (60dAB),
and high efficiency (>=95%). The size and accuracy are fully matched with Japanese and
German reducers, and can directly replace German and Japanese brand reducers. The
products are suitable for servo motors and stepper motors produced by domestic and foreign
servo factories, such as Panasonic, Yaskawa, Omron, Mitsubishi, Schneider, Delta, =
Siemens, MOOG, Beckoff, Festo, Leadshine, etc. Our company's precision reducers are SHG/SHF Serles
widely used in laser cutting machines, woodworking engraving machines, gantry machine
tools, industrial robots, 3C automation, plastic machinery, three-dimensional parking lots,
photovoltaic equipment, automobile manufacturing, lithium batteries, milling machines, full
servo tissue machinery, precision embossing Printing machines, servo pipe benders, preci-
sion coating machines, CNC spring machines, and other highly automated equipment.

The TRANS factory matches a large inventory of standard gearboxes and flanges suitable for CSD Series
different motor input sizes, which can achieve the fastest delivery time of 7~10 working days,
saving customers costs in terms of time.

TRANS company's products have passed the ISO9001: 2015 quality management system,

the European CE certification, and the US UL certification. The products have been sold to

more than 100 countries at home and abroad, and have been widely recognized and repur-

chased by European and American customers who have high-quality requirements. SHD S =
eries

TRANS company is committed to the field of motion control, working with servo motor manu-
facturers and system integrators to serve the global automation industry and robotics, provid-
ing customers with high-quality products, timely and fast services, and striving to be a leader
in the transmission field. Your satisfaction is our eternal pursuit.
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icat TR
Product Application Industry __

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

The walking shaft of a robot Gantry robot of machine tool Horizontal multi-joint robot Wafer handling robot
(rack and pinion)

LE

LA
~— B 5 _'i j\\‘
i Trans Precision reducer , | 1 H_EL r i ‘-_}—_‘| [ o ~ E-T?_::{“:’:j.]
i e I%‘.‘; L —_ ) 4 ) Precision reducer
Rakapoin W\ QS vl N
= _ chein (2 Trans Preiion educer w: o
I :‘- | —_— ey i ‘-f]\\‘Tmn:Pmis'xmdm
h t——h
Trans Precision rducer

i 1 P I I I iacti = Rotary tower knife frame rotation
Stamping equipment (riveting) Pipe bending machine Injection mold taken—out robot sbmldleabindly

e

——

Trans Precision reducer
Trrans Precison reducar /
/
/
." 7 [
o = < - -
T \j‘ ] . (\ ) . ; Trans Precision reducer
Precision reducer

Trans Presion reducer

Indexing table drive Roller drive for daubing use Pulley for loader use

2 e
E\ )//
= T
i \Lftj i
: g oM

Rack & Pinion
s i e
" Trans Precision reducer|
_— Pipe bending machine Punching (riveting) Printed circuit board inspection device
Shaft input belt drive i cr?;sr':glliggfgb%%bstraie Tensile testing machine Roof walking van
=

Trans Precision reducer

Trans Precision reducer ==
o

Trans Precision reducer

-04-



Rotational direction and reduction ratio

Structure of harmonic reducer

_i
Series: CSG, CSF, CSD, CSF-mini @
m Rotational direction 3
Fig. 010-1 o
o
© ® a
4 &
§ Rindicates the
B reduction ratio vaiue
from the ratings table. S
Wave Generator kiput Ottt
. . . o (Note) Gontact us if you use the product % ()
A ball bearing with thin—walled construction is fitted onto the &s Accelerator (5) and (6). (1) Reducer (2) Reducer (3) Reducer 5
outer circumference of an oval cam. The entire structure is ?ﬁgt g..“':rﬁ:; (II=S): ::G’ - EEM gm{.jz",:.':? i = E%.m gﬁfﬁ'gpuxn i 3]
oval. The inner ring of the bearing is fixed onto the oval cam ¢ Glredar Spline (G9) P reweeine ' 7 L
and the outer ring elastically deforms through a ball. The @ ® @ é’
wave generator can be mounted on a motor shaft. ¥ §
(=]
| | 3
: g
Wave Generator ~ Flex Spline  Circular Spline Flex Spline | g
=
The inner gear of the rigid body, with teeth of equivalent size to (4) Overdrive (5) Overdrive (6) Overdrive (7) Differential B
those on the flex spline cut into the inner circumference. The Mih L S R Rl L e s Sl g9 When all of the wave generator the
i T S C—— R T T circular spline has two more teeth than the flex spline and is e ] - R | (e o aaad Piad Paacd & pesemco rbmbialy e it i -
normally fixed onto the gear casing. woalbis; :g:z
| =
‘ ;
Flex Spline Sl ot @
, : o , Series: SHG, SHF, SHD §
A CL.Jp—llke elastic r_netal part with thin wall Fhlckness. Teeth are = Rotational direction g
cut into the outer circumference of the opening of the cup, from Fig. 010-2 3
where the output is usually extracted. k]
@ @ g €) 2
4 -}
¥ Rindicates the " £
B reduction ratio value E
[ ] | ] [ ] ] from the ratings. table 2
- P
Working principle of harmonic reducer . 2
(Note) Contact us If you use the product 7 a
Asan overdive:of (3)0r(0). (1) Reducer (2) Reducer (3) Reducer w
Input:  Wave Generator | _ = Input: Wave Generator | _ . A Input: Flexspline Fes R m‘
Output: Flexspline Qutput: Circular Spline R~+1 Qutput: Circular Spline R-+1 §
Fixed: Circular Splina Fixed: Flexspline Fixed: ‘Wave Generator w
Circular Spiine 8
©) 7 @) g
A ‘ m
Z [ ] =1
S 2
| ™ : %
. ¢
(4) Overdrive (6) Oveﬁdriva (7) Differential
Input: Circular Spline R4+1 Input: Circular Spline When all of the wave generator, the
Output: Flexspline i= " : Wave Generator [I=-R Output: Wave Generator [=R+1 flexspline and the circular spline rotate,
Fixed: Wave Generator Fixed: Circular Spline Fixed: Flexspline Combinations (1) through (8) are
avallable.
= 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.  rotating the wave generator  tor through 180° in a rotates through one tumn Fatvipliie: o e clecilar Spins Exampls
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 Spline: 202
spline, while the teeth onthe short ~ sequentially moving the tooth  terclockwise by one tooth  two teeth based on the differ- S et Floeoma o | Reduction 1 _ zrze  * QRN [e¥e DenerON | Reduction | 1 _ 200202 _ -1
axis of 1hg oval pe_rfecﬂy detach meshing positions  with the as a difference in the ence in the number pf teeth Fixed: Circular Spline | "0 R4 zf Fixed: Circular Spiine | 20 R+ 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 26.7f > Input:  Wave Generator | Reduction 1 202-200 1
Qutput: Circular Spline ratio 2= ™ = 7 Quitput: Circular Spline ratio iz= Rs = 202 = 101
Fixed: Flexspline 2 Fixed: Flexspline %

m R1 indicates the reduction ratic value from the ratings table.
-05- —06—



Product Sizing & Selection

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

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

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

m Checking the application motion profile

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

Graph 14-1
+ LU Tn
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3 i i U
* m, nz and nn indicate the average values. Time

Obtain the value of each application motion
profile.

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

Normal operation pattern
Starting (acceleration)

Steady operation

(constant velocity) Tz, t2, n2
Stopping (deceleration) T3, t3, n3
Dwell T4, t4, n4

T1, t1, m1

Maximum rotational speed
Max. output speed

Max. input rotational speed
(Restricted by motors)

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

Required life

L1o = L (hours)

07—

m Flowchart for selecting a size

Please use the flowchart shown below for selecting a size.

Operating conditions must not exceed the performance
ratings.

f b
Calculate the average load torque applied on the output side from the
application motion profile: Tav (Nm).
TGV=3J Nyt [TiP+nz b [T2B+ na ta [Ta?
ny ti+nz ta+ np ts

Make a preliminary model selection with the following conditions.

Tav = Limit for average torque torque
(See the rating table of each series).

Calculate the average output _ oM ohimg bt om oty
speed: no av (rpm) = e+t o
Obtain the reduction ratio (R). —";&ER
A limit is placed on “ni max" by no max
motors.
Calculate the average input rotational
speed from the average output
rotational speed (no av) and the niav=noav R
reduction ratio (R): ni av (rpm)
Ollwlntolhumdrmgl:mm
rotational speed from the max. output =

: {1 flasuhd the ni max =nomax R

reduction ratio (R): nl max (rpm)

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

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

o

Check whether T1 and Ta are less than the repeated peak torque

v

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

o

Calculate (Ns) the allowable

mber of rotations du
mpecttomue 0 N g s 1.0et08
2"‘Tt

) ‘4
eren [ (oo

[ Check whether the calculated life is equal o or more than the life of

[ Calculate the lifetime.

the wave generator (see Page 13).

v

[ e

hod VvV YV 9 9

Review the operation conditions and model number

m Example of model number selection

Maximum rotational speed
Max. output speed

Max. input speed
(Restricted by motors)

Value of each application motion profile
Load torque T.(Nm)

Time t (sec)
n,(rpm)

Qutput speed

Normal operation pattern
Starting (acceleration)
Steady operation
(constant velocity) T2 = 320 Nm, t2 = 3sec, n2 = 14rpm
Stopping (deceleration) T3 = 200 Nm, t3 = 0.4sec, n3 = 7rpm
Dwell Ta=0Nm, t4=0.2sec, n4=0rpm

Emergency stop torque
T1 =400 Nm, t1 = 0.3sec, n1 = 7rpm

ns= 14 rpm
Required life

no max = 14 rpm
ni max = 1800 rpm

Calculate the average load torque to the output side based on the application motion profile: T av (Nm).

- 347;;;«. 0.3 sec [400NmP+14 rpm 3 sec |320Nmp+7 pm 0.4 sec [200Nmp
= 7rpm 0.3 sec+14 rpm 3 sec+7 rpm 0.4 sec

Make a preliminary model selection with the following conditions. T av = 319 Nm = 620 Nm
(Limit for average torque for model number CSF-40-120-2A-GR: See the rating table on Page 39.)

Thus, CSF-40-120-2A-GR is tentatively selected.

Calculate the maximum input rotational speed from the
maximum output rotational speed (no max) and the
reduction ratio (R): ni max (rpm)

ni max = 14 rpm 120 = 1680 rpm

Calculate the average output rotational speed: no av (rpm) o= 7rpm 0.3sect14 rpm 3 sect7 rpm 0.4 sec = 12pm
0.3 sec + 3 sec + 0.4 sec + 0.2 sec
Obtain the reduction ratio
®- %12&.&3 120
Calculate the average Input rotational speed from the fpm
average output rotational speed (no av) and the reduction : 12 40
ratio (R): niav (pm) niav=12 rpm 120 = 1440 rpm

Check whether the preliminary selected model

I tisfies the followi fition from the Niav = 1440 rpm = 3600 rpm (Max average input speed of size 40)

Ni max = 1680 rpm = 5600 rpm (Max input speed of size 40)

rating table.
Check whether T1 and T3 are equal fo or less
than the repeated peak torque specification. T1 =400 Nm = 617 Nm (Limit of repeated peak torque of size 40)

Ta =200 Nm = 617 Nm (Limit of repeatad peak torque of size 40)

4

Chack whether Ts is equal to or less than the

momentary peak torque specification. Ts =500 Nm = 1180 Nm (Limit for momentary torque of size 40)
Calculate the allowable number (Ns) rotation during impact 104
torque and confirm = 1.0x104 Ns =1190 = 1.0%104
14 rpm 120
2 ——— 0.15sec
60
294 Nm 2000 rpm
Calculate the lifetime. = 7000
o " Lo ( 319Nm ), ( 1440 rpm )('"’“")

Check whether the calculated life is equal to or more than the life of the wave generator (see Page 12).
L4p =7610 hours = 7000 (life of the wave generator: L10)

A

vV WV OOV

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

When impact torque is applied Ts=500 Nm, ts=0.15 sec,

L4 = 7000 (hours)

Review the operation conditions, size and reduction ratio

~08-
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Lubrication

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

SHF-2A, SHG-2A and SHD and SHG/SHF -2S0 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
Harmenic 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 if 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 VG68

Temperature Table 016-2

SK-1A 0°Cto + 40°C

SK-2 0°Cto+40°C

4B No.2 -10°C to + 70°C

1ISO VG68 0°C to +40°C

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

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

Grease lubricant

m Types of lubricant

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

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
0 355 to 385
00 400 to 430

Grease specification

Composite

Base oil Refined oil Refined oil hydrocarbon oil
Base Viscosity
¢St (25°C) 265 to 295 265 to 295 290 to 320
Thickening agent mi:;nse soap Lithium soap Ursa
NLEI %“:"‘”"Y No. 2 No. 2 No. 15
Additive Extreme-pressure | Extreme-pressure | Extreme-pressure
additive, others additive, others | additive, others
Drop Point 187°C 198°C 247°C
Appearance Yellow Green Light yellow
" 5 years in sealed | 5 years in sealed | 5 years in sealed
SRNG ¥ 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 - e - o o o
SK-2 o o o ° = = =
4B No.2 A A A A o o o
Ratios 50:1* and above Table 016-6

SK-1A = = = g o o o
SK-2 o o o o A A A
4B No.2 = = o o o o o

SK-1A o o o o o o ° o
SK-2 A = = = = = = =
4BNo.2 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 o o o
Fretting resistance o o ©
Low-temperature performance A A o
Grease leakage (¢} [+] A

Excellent : ©

Good to

Use Caution: A

m When to replace grease

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

. o e e ey Formula Symbols Table 017-1
graph applies to applications where the average loa ue does e oad in
not exceed the rated torque. forque wsx (r:tad Inmgue) mrugtms
Calculation formula when the average load torque Grease change (if average load torque 174
exceeds the rated torque e is oquel 10 orloss tan iled k). | (e ey | S the Graph 017-1,
See the "Ratings Table"
_ — mue . Garae .
Average load torque Nm &c:mf:?uh:
B Qther precautions
1. Avoid mixing different kinds of grease. The gear should be in
an individual case when installed.
2. Please contact us when you use HarmonicDrive® gears at
constant load or in one direction continuously, as it may cause
lubrication problems.
3. Grease leakage. A sealed structure is needed to maintain the high
durability of the gear and prevent grease leakage.
m See the corresponding pages of the design guide of each series for “Recommended
minimum housing clearance,” Application guide” and “Application quantity.”
Oil lubricant
m Types of ail
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
Mobil Oi Exxon sh L i
ell COSMO Oil |Japan Energy [ NIPPON Oil Kosan General Oil Kiiiber
Mobilgesr | Spartan | OmalaOil | Cosmogear | ESgesr |Bonock M68, Da”h;:af”"‘“' Ggg’;ﬁ" Syiitheso
600XP68 EP68 68 SE68 G68 Bonock AX68 LW68 roll 68 D-68EP
= When to replace oil
First time ----eeceiecceneeenenee. 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.

= 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
e Isoflex LDS-18 ial A
lex -18 special A: _aEs ¥
KLUBER 25'C to + 80°C
SH-200-100CS: Toray Silicon —40°C to + 140°C
Qil
Syntheso D-32EP: 5 :
KLUBER -25Cto +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.
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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 +T o 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, K2 and Kas.

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

m See the corresponding pages of each series for values of the
spring constants (K1, K2, K3) and the torque-torsional angles
(T1, Tz, - ©1, B2).

m Example for calculating the torsion angle

The torsion angle (6) 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 L1
is calculated as follows:
When the load torque T11=2.9 Nm
B =Tu/K1
=2.9/3.1x10*
=9.4x10°rad(0.33 arc min)

When the applied torque is between T 1 and Tz, the torsion
angle 0.2 is calculated as follows:
When the load torque is TL2=39 Nm
B2 =061+ (Tiz-T1)/Kz
=4.4x10+ +(39-14)/5.0x10*
=9.4%x10+ rad(3.2 arc min)

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

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

Note: See p.120 for forsional stifiness for pancake gearing .

1=

® 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 — R
Torque
-To / 0 +To "
B
A
Spring constant diagram Figure 20-2
Torsion angle

_L___i__;/f___J _____________________ Torque

T T:

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 comresponding pages of each seres 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
Oldham coupling is used on the input, the backlash measured at
the output is extremely small (arc-seconds) since it is divided by
the gear reduction ratio.

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
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.
Flexspline
"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
Ber=0. - S
R
o AMAAMAAARANA N ARAAAAAAAAAAARN A
1 AR AR R A AN AR AN ARD
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= 217 K
m J
The primary component of the transmission error occurs twice per Formula variables Table 021-2
input revolution of the input. Therefore, the frequency generated by — e
[ & — Hz
Spring constant Nmi/rad | 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.

Formula 021-2

15

N= — 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.
m Limit for Repeated Peak Torque (see Graph 12-1)

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

= 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)

= 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 2 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

Table 012-1
m Life of the wave generator Lite
The life of a gear is determined by the life of the wave Sarias e CSF. ccss?z, SI;I.'I;'. SHD, CSG, SHE
generator bearing. The life may be calculated by using the -m
input d Igh t .oaﬁ torque Y Lo 7,000 hours 10,000 hours
input speed an e outpu que. Lso (average life) 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 L1 or Lso

Calculation formula for Rated Lifetime

Formula 012-1

Tr Rated torque

Nr Rated input speed

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

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.

m Reduction ratio
H Input speed
N Load torque
H Temperature
M 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.

=44

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 to "Minimum Housing
Clearance" on the drawing dimension tables.

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

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

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

Fig. 024-1
M 4) 5
Ifi=
Al I
G AT
= 17:1 ﬁ— —
| | I %

3)

Bearing support for the input and output shafts

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

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

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 (1) Ball Separator

) 3) m @ @ B T e
(4) Insert
! (5) Rubwasher
(6) Snap ring
(7} Wave generator hub
(O] ) (6) (7)
Qldham's coupling Solid wave generator

Structure of Oldham's coupling

Fig. 026-2
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m Maximum hole diameter of wave generator

Hole diameter of the wave generator Fig. 027-1 Assem bly Pl'ecautlons
The standard hole dimension of the wave generator is shown for m
each stze.r"l’ I‘:e g!mension m be change:!i ?t:mlcll.li ” mn.ge Ulf):-" the Sealing recommendations for gear units Table 028-1 -
s o e e S e e s g Sealing is needed to 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 =
keyways should sustain the transmission torque. — S H used. Flanges provided with o-ring grooves must be sealed when a proper 2
* Tapered holes are also available. seal cannot be achieved using the o-ring alone. Hr::.:?n‘;hlm penetrate | Use O-ring (supplied with the product) (3
In cases where a larger hole is required, use the wave generator B, B o I SR TR D:ixlt %
g « Mating flan -+ O-ring or seal adhesive is needed. Screw lock adhesive which has effective &
without the Oldham coupling. The maximum diameter of the hole . Scm? holegaeres ___________________________ Scmngrs P Instalation screw /bolt | seai (L CTITE® 242 i recommended) o
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 M, e Dot
includes the dimension of depth of keyway. . i (i side | Motor output shaft napariongo baimai oy g
(This is the value including the dimension of the depth of keyway.) N L A SN MR, WEch g s -
w
@ Assembly precautions g
W
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 2
or improper eccentric gear mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise and vibration, and can lead to early %’
failure of the gear. For proper function, the teeth of the flexspline and Circular Spline mesh symmetrically. 2
] g . Table 027-1 m Precautions on the wave generator m Precautions on the flexspline §
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, 3
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 2
Standard dim. (H7) 5 8 8 9 11 14 14 19 19 22 24 28 28 28 2. If the wave generator does not have an Oldham coupling, not be present. g
Minimum holedim. | — — 3 4 5 6 6 10 10 10 13 16 16 19 22 extra care must be given to ensure.that concentricity and 3. Adequate clearance with the housing is needed to ensure no interference D
Madmumholeim.] — = 8 10 13 15 15 20 20 20 25 30 35 37 40 inciination are within the specified limits especially with the major axis of flexspline
® Precautions on the circular spline
The circular Spline must not be deformed in any way during 4, Bolts s_hould rotate freely when Instglling through the mounting holes of the
) ) . " Table 027-2 the assembly. It is particularly important that the mounting flexspline and should not have any irregularity due to the shaft bolt holes
Maximum hole diameter without Oldham Coupling Unit: mm surfaces are prepared comrectly 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 corners is needed to prevent
interference with the corner of the circular spline.

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.

Max. hole dia.gV' 10 14 17 20 23 28 36 42 47 52 60 67 72 84 95
[Min. plug thick. H8,| 5.7 6.7 7.2 7.6 11.3 1.3 13.7 15.9 17.8 19 214 | 235 | 285 | 313 | 349

m Axial Force of Wave Generator

w
T
©
w
X
m
w
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Axial fi directi f th i = = e i
T —_—- s sl i ) B O 4. The circular spiine shouid be rotatable within the housing. Besure 7. Care should be taken not to damage the fiexspline diaphragm or gear
Flexspline leads to an axial force acting on the Wave Generator. This there is not interference and that it does not catch on anything. teeth during assembly.
axial force, which acts in the direction of the closed end of the 5. When a bolt is inserted into a bolt hole during installation, Avoid hitting the tips of the flexpline teeth and circular spline teeth.
Flexspline, must be supported by the bearings of the input shaft make_l sure that the bolt fits securely and is not in an improper Avoid installing the CS from the open side of the flexspline after the
(motor shaft). When the gear is used to decelerate a load, an axial position o inclination. wave generator has been installed. :
force acts to push the Wave Generator out of the Flexspline cup. j 6. Do not apply torque at recommended torque all at once. = Rust prevention 8
" ; First, apply torque at about half of the recommended value L2 . : - o
Maximum axial force of the Wave Generator can be calculated by — h_ . Although the Harmonic Drive ® gears come with some corrosion protection, the o
the equation shown below. The axial force may vary depending on to all bolts, then tighten at recommended torque. Order of ; i &
the equatl n . A y vary aepending tightening bolts must be diagonal gear can rust if exposed to the environment. The gear external surfaces o
its operating condition. The value of axial force tends to be a larger ., F F. § ¢ e typically have only a temporary corrosion inhibitor and some oil applied. If an o2
number when using high torque, extreme low speed and constant WGz i~ s : 7. Avoid pinning the circular spline if possible as it can reduce anti-rust product is needed,please contact us to review the options. 8
operation. The force is calculated (approximately) by the equation. :'m“"l"‘“" . ;’adi.m df"r ?’daﬁ the rotational precision and smoothness of operation. =
In all cases, the Wave Generator must be axially (in both am;, elnra' e e 3
directions), as well as torsionally, fixed to the input shaft. = "Dedoidal" state =
Normal engagement status Fig.02e-1  Deflection of the dial gauge Graph 029-3 =
(Note) y ! It is normal for the flexspline to engage with the circular spline symmetrically as =
Please contact us for further information on attaching the Wave shown in Figure 029-1. However, if the ratcheting phenomenon, which is described + g
Generator to the input (motor) shaft. on Page 013, is caused or if the three parts are forcibly inserted and assembled, s / Normal @
engagement of the teeth may be out of alignment as shown in Figure 029-2. This 5 /\ /\
is called "dedoidal”. Note: Early failure of the gear will occur. g
g o & §§ L-FALS Rotational angle of
Formula for Axial Force Table 027-3 = How to check "dedoidal 186 iaton —
[roswtonate [ coimsnioman ] angasomont ot = -
z Calculation example Formula 027-1 y. . =
30 - .
F_Z"_D"U'UT”E" 82 Model name: CSF series (1) Judging by the irregular torque generated when the wave generator turns Measuring te delecion on he body of he fexspiie. Graph 0204
o ; ; : i "Dedoidal’ status Fig. 029-2
50 F=2x_T%0.07xtan 30° Size: 32 1) Slowly tumn the input shaft with your hand in a no-load condition. If you
D Reduction ratio: 50 can tum it with average force, it is normal. If it turns iregularly, it may be
Qutput torque: 382 Nm "dedoidal".
80 or more F=2x—1x0.07xtan 20° :
0 {maximunm allowsbie momentany locque) 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=2x —————  x0.07xtan 30 normal value, it may be "dedoidal".
Sytmtile i Formula IR R (2) Judging by measuring vibration on the body of the flexspline
F Axial force N See Figure 027-2 e U e . e
D Size m F=380N The scale deflection of the dial gauge draws a sine wave as shown by the v
T Output torque Nm solid line in Graph 029-3 when it is normally assembled. When "dedoidal” - L

occurs, 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

(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 1-he radial load and axial load vary, the life of cross roller bearing can be )
contact ball bearing for the CSF-mini series). determined by converting to an average load. 2
Please calculate maximum moment load, life of cross roller bearing, and : o
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). =
m See the corresponding pages on each series for main bearing =
specifications.
Fr

Checking procedure T
E Fr2 o
(1) Checking the maximum moment load (Mmax) g
8 »Time o
Calculate maximum moment load Maximum moment load (Mmax) = allowable 5 y
(Mmax). moment (Mc) & o
Fra | §
(2) Checking the life + - E g
i 3
Calculate the radial load (Frav) and the average Calculate the radial load coefficient (x) Calculate . Fa? B
axial load (Faav). and the axial load cosfficient (y). lifetime How to calculate the average axial load (Faav) Formula 031-2 E / §
3 =
o
(4]

_—

\/ »-Time

3) Checking the static safety coefficient
Calculate the static equivalent Check the static = - t, B
radial load coefficient (Po). safety coefficient. (fs) l £
- n? i Q
, . | 2
(G | :
' : = &
How to calculate the maximum moment load § i 2
Maximum moment load (M max) is obtained as follows. = g
Make sure that Mmax = Mc. E
=3
{17
. ) How to calculate the average output speed (Nav) =
Formula030-1 External load influence diagram Fig. 030-1 Formula 031-3 %
_ _ 2
e (w]
Symbols for Formula 030-1 Table 030-1 - J Fixed s
Frmax Max. radial load N(kgf) See Fig. 030-1. o
. Radial load 1 2
,J i& F Fr .
e [ il e (e » How to calculate the radial load coefficient (X) and axial load coefficient (Y) %
Lr, La A m See Fig. 030-1. 2 - -§
@
| See Fig. 030-1 and *Specification of Formula 0314 2
| o | o R ; BT RN :
7 @
Fraw2 ut:vu: i | v |om
Axial load T ravi2 (Frav ( : ) + Fave La) /dp -
aav

— =X >1.5 | 067 | 067 Iz
F Lr R  Frav2 (Frav(Lr+R) * Fav+ La) /dp ;
Symbols for Formula 031-4 Table 031-1 ?
See "How to calculate the average a
Frav | Average radialload | N(kgf)| oaq* See Formula 031-1. g

See "How to calculate the -
Faav | Average axialload | N(G0| joaq * See Formula 031-2. 3
lrla m | Seefig. 030-1 S
. <
- Oltat wouit See Fig. 030-1 and "Main roller o
' ' ™ | bearing specifications" of each series ®

dp | Pitch circle diameter m | SeeFig. 030-1 and "Specification of
of a roller the output bearing” of each series.

=17= . |



Life of the output bearing Fe atu res
Calculate life of the output bearing by Formula 032-1.
You can calculate the dynamic equivalent radial load (Pc) by Formula 032-2. :
Formula 032-1 Formula 032-2 KU' CSG/CSF Gear Unit 5|
CSF/CSG are housed component gear sets combined with a .
v precision cross roller output bearing & flange. A highly rigid cross =,
roller bearing is built in to directly support (output bearing) the E‘_;
external load. They are a very compact, robust and easy to use o
gearhead solution. CSF and CSG are also available in lightweight a
Symbols for Formula 032-2 — versions. =
Symbols for Formula 032-1 Table 032-1 Frav | Averageradialload |N(kgf) See m&%m@
Lo Life hour —
See "How to calculate the
Nay |Averege outputrated | T See "How o caluiate the Faav | Average axialload | N(kaf) | ™™ 05 g6 Formula 031-2.
load speed average load." 4 Pitch circle Sea Fig. 030-1 and "Speciication of the o
- Basicdynamic | .| See*Specifcation of the output B diameter o output bearing” of each series. eatures
rated load bearing" of each series. (¢
X  |Radial load coefficient | — See Formula 031-4. = Zero backlash
Pc Dynamic equivalent | N(kgf) See Formula 032-2. = Compact design
fw Load coefficient — See Table 032-3. Y Axial load coefficient | — See Formula 031-4. m High-torque capacity .
' g High stiffness g
Load coefficient Table 032-3 Lr, La —_— ) 1. = ng ;
T - T = Hotposont nd sora et 3
Steady operation without impact and vibration 11012 R i " oulput bearing" of sach series. S
Normal operation 121015 [ . ; -
e T Mave |Average momentioad | Nm Structure of CSG/CSF series gear unit Fig. 124-1 — %
Circular Spline . @
How to calculate life during oscillating motion c%%:ﬁ:gg;q;fq B anlSF serles
=+ 2 w
Calculate the life of the cross roller bearing during oscillating . / il . thlsif: has been improved by 43% (10,000 hours) compared x
motion by Formula 033-1. ettt Fig. 083-1 F— ok . ) ?
i s ¥ ‘ CSF: standard torque &
il e ™ : + Reduction ratio of 30:1 included for high-speed o
2 . S ; @
'/ \‘\\ i ! CSF/CSG-LW series: Lightweight (sizes 14 to 45) g
/ Y ‘ * 30% average lower weight than Standard Series. S
/ \ 1 j * Same performance as CSF/CSG series. 3
Symbols for Formula 033-1 Table 0331 3 ; L 3
Loc eyt hour E— \ /'f ] o o E
°'°"‘x9 ""°"°"'m \\‘ g / ' j Wave Generator B
i each minute g — e (e P Output flange
¢ | Basicdynamicrated |\ ) N 9]
load = Flexspline %3
uivalent )
p | Dynamicequvalent | \(kgfy|  See Formula 032:2. ®
fw Load coefficient — See Table 032-3. (Note) A small angle of osclllation (less than 5 degrees) may cause fretting é'
g Oscillating angle /2 See Fig. 033-1. m;n to newrahce lubrication may not circulate properly. Contact us g
- . — g
How to calculate the static safety coefficient m ndustrial robot 2
Basic static rated load is an allowable limit for static load, but its limit is determined by usage. In this case, static safety %
coefficient of the cross roller bearing can be calculated by Formula 034-2. . - : " .
] " Vertical multi-joint robot Horizontal multi-joint robot §8 Example of direct-connected servo motor -
Formula 034-1 Formula 034-2
w
i
| %
0 ¢
Symbols for Formula 034-1 Table 034-1 Symbols for Formula 034-2 Table 034-2 g‘
Basic static See "Specification of the .
Co o NEGN | gt beerng™ of sech erles Frmax | Max. radial load N(kgf) 3
e i See "How to calculate a
Po. ,.g?:, load N(kgf) Ses Formula 034-2. Famax Max. axial load N(kgf) | the maximum moment S
load" on Page 030. =
Static Safety Coefficient —— Mmax |  Max. momentiosd | Nm(lgfm) 2
Pitch circle diameter See Flg. 030-1 and . @
| | o o o SR o s s oo
When high rotation precision is required =3 * In accordance with this assembly example, * In accordance with this assembly example,
‘When shock and vibration are expected =2 a seal structure is needed to prevent grease a seal structure is needed to prevent grease leakage
Under normal operating condition =15
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Ordering Code
CSG -25-100-2UH - SP

v \/ v v YV rovie t25
Series Size Ratio ™ Mode] Special specification
14 50 B0 100 _ —
17 B0 100 120 —
20 50 80 100 120 160
80 1 1 1 2A= Component type LW= Lightweight
2 | o | s | i |t e | 2U=Unktie S Aol st outn
cSG 2UJ = Unit type with input shaft
40 50 B0 100 120 160 Blank= Standard product
45 50 80 100 120 160
50 — 80 100 120 160
58 — 80 100 120 160
65 — B0 100 120 160

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

Rating table

m CSG Series Table 126-1
Rated Torque at é;’gg;?;d Limit for Average | Limit for Momentary =~ Maximum Input  * Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
kgfm Oil Grezase Qil Grease ! J
lubricant _Iubricant | lubricant |lubricant | =10 kgm' =10 kgfms®
23
30
36
44 i
80 29 29 56 5.7 35 36 1097 17
¥ 6 8 | 38 | M | 72 | &1 | &2 | wes [ AN YT | N | G0 | W0 | 4o% | e
120 | 31 32 70 7.2 51 52 | 109% | 1%
50 33 3.3 73 74 44 4.5 127 13
80 44 4.5 96 9.8 81 6.2 165 17
20 100 52 53 107 10.9 64 6.5 191 20 10000 6500 6500 3500 0.183 0.197
120 52 5.3 113 11.5 64 6.5 191 20
160 52 5.3 120 12.2 64 6.5 191 20
50 51 5.2 127 13 72 7.3 242 25
80 82 8.4 178 18 113 12 332 34
25 100 87 8.9 204 21 140 14 369 38 7500 5600 5600 3500 0.413 0.421
120 87 8.9 217 22 140 14 *4 *4
160 B7 8.9 229 23 140 14 *4 *4
50 29 10 281 29 140 14 497 51
80 153 16 395 40 217 22 738 75
32 100 178 18 433 44 281 29 841 86 7000 4800 4600 3500 1.69 1.72
120 | 178 18 459 47 281 29 892 91
160 | 178 18 484 49 281 29 892 81
50 178 18 523 255 26 892 91
80 268 27 675 369 38 1270 130
40 100 345 35 738 75 484 49 1400 143 5800 4000 3800 3000 4.50 459
120 382 39 802 82 586 60 1510 154
160 382 39 841 86 586 60 1510 154 *
50 229 23 650 66 345 35 1235 126
80 407 41 918 94 507 52 1651 168
45 100 459 47 982 100 650 66 2041 208 5000 3800 3300 3000 8.68 B.86
120 523 53 1070 109 806 82 2288 233
‘LB_O 523 53 1147 117 819 84 2483 253
BO 484 49 1223 125 675 69 2418 247
100 611 62 1274 130 866 B8 2878 273
s 120 688 70 1404 143 1057 108 26878 273 i 2600 oy 2400 e L
160 688 70 1534 156 1096 112 3185 325
80 714 73 1824 196 1001 102 3185 325
100 | 905 92 2067 211 1378 141 4134 422
B 120 | oe9 90 | 2236 | 228 | 1547 | 158 | 4328 | 441 | 1000 | 3000 | 2700 | 2200 | 273 | 278
160 969 99 2392 244 1573 160 4459 455
80 969 99 2743 280 1352 138 4836 493
100 1236 126 2990 305 1976 202 8175 630
£ 120 | 1236 | 126 | 3263 | 333 | 2041 | 208 | 6175 | es0 | o0 | 2800 | 2400 | 1900 | 488 | 478
160 1236 126 3419 349 2041 208 6175 630

(Note) 1. Moment of inertia: I=-GD?
2. See "Engineering data” on Page 12 for details of the terms.
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.)
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.
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Ordering Code
CSF -25 -100 - 2UH - SP

R i i . i .
v v \4 v A
Series Size Ratio ™ Model Special spacification
14 30 50 80 100 - =
17 30 50 100 120 —_
20 30 50 80 100 120 160 LW= Lightweight
5 30 80 100 120 160 mﬁmw (sizes 14 to 45)
CSF 32 30 50 80 100 120 160 2UJ = Unit type with input SP= Special specification code

40 — 50 80 100 120 160 shaft 2
45 - 50 80 100 120 180 Blank=Standard product
50 - 50 80 100 120 160
58 - 50 80 100 120 160
685 — 50 80 100 120 160

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

Rating table

m CSF Series Table 127-1
;I{::E;go;d Limit for Average | Limit for Momentary | Maximum Input Limit for Average Moment of
Peak Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Qi Grease Oil Grease | J
Nm lubricant | lubricant | lubricant | lubricant || x10 ‘%gm® %10 “kgfms?
.| 0.41 X
50 5.4 0.55 18 1.8 6.9 0.70 35 3.6
14 80 = 0.80 23 24 11 1A a7 48 14000 8500 8500 3500 0.033 0.034
100 7.8 0.80 28 29 11 1.1 54 5.5
30 8.8 0.90 16 1.6 12 1.2 30 3.1
50 16 1.6 34 3.5 26 26 70 71
17 80 22 22 43 4.4 27 27 87 8.9 10000 7300 8500 3500 0.079 0.081
100 24 24 54 55 39 4.0 108 11
120 24 24 54 5.5 39 4.0 86 8.8
30 15 1.5 27 28 20 2.0 50 5.1
50 25 25 56 5.7 34 3.5 98 10
80 34 35 74 7.5 47 4.8 127 13
20 100 20 a1 82 B84 9 50 147 15 10000 6500 6500 3500 0.193 0.197
120 40 4.1 a7 8.9 49 5.0 147 15
160 | 40 41 92 9.4 49 50 | 147 15
30 27 28 50 51 38 3.9 95 9.7
50 39 4.0 a8 10 55 5.6 186 19
80 63 6.4 137 14 87 8.9 255 26
25 100 67 6.8 157 16 108 11 284 29 7500 5600 5600 3500 0.413 0.421
120 67 6.8 167 17 108 11 304 31
160 67 6.8 176 18 108 11 314 32
30 54 65 100 10 75 7.7 200 20
50 76 7.8 216 22 108 11 382 a8
80 118 12 304 31 167 17 568 58
2 100 137 14 333 34 216 22 647 66 e -0 B ) ne. L
120 137 14 353 36 216 22 686 70
160 137 14 372 38 2186 22 686 70
50 137 14 402 a4 196 20 686 70
80 206 21 519 53 284 29 980 100
40 100 265 27 568 58 372 38 1080 110 5600 4000 3600 3000 4.50 4.59
120 | 204 30 617 63 451 46 1180 120
160 | 294 30 647 66 451 46| 1180 | 120
50 176 18 500 51 265 27 950 97
80 313 32 706 72 390 40 1270 130
45 100 353 36 755 77 500 51 1570 160 5000 3800 3300 3000 8.68 8.86
120 402 M 823 84 620 63 1760 180
160 402 41 882 90 630 64 1910 195
50 245 25 715 73 350 36 1430 148
B8O 372 38 941 96 519 53 1860 190
50 100 | 470 48 980 100 666 68 2060 210 4500 3500 3000 2500 125 12.8
120 | 5289 54 1080 110 813 83 2060 210
160 | 528 54 1180 120 843 86 2450 250
50 176 18 1020 104 18 27 1960 200
80 549 56 1480 151 770 79 2450 250
58 100 696 71 1580 162 1060 108 3180 325 4000 3000 2700 2200 27.3 279
120 745 76 1720 176 1190 121 3330 340
160 745 768 1840 188 1210 123 3430 350
50 245 25 1420 145 360 27 2830 289
80 745 76 2110 2156 1040 108 3720 380
65 100 | 951 a7 2300 235 1520 155 4750 485 3500 2800 2400 1900 46.8 478
120 | 951 97 2510 256 1570 160 4750 485
160 951 97 2630 268 1570 160 4750 485

(Note) 1. Moment of inertia: |=~1{GDz
2. See "Engineering data" on Page 12 for details of the terms.
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Outline Dimensions

Fig. 128-1
B%*
Cc
E F,
H o
hl /
= q
~ R ~
= I M I ~
= SRt
NEEER ‘SI = ﬁ &L 8§
& =4
=1 Jd 0
r N4
* Bx
c D*
E R G
H | [: a
2.5 (Size 14) =— 3 (Size 17) ‘
2-M3x4 (Size 14) =
2-M3x6 (Size 17) 1
s L
| e I
m I
| é 9 5 %, o
= l
- :h I I~
= | i
= =
I\ .
19} &
Shape of the wave generator hub for size The shape on the output side Enlarged view of the input side
14 and 17 (no keyhole) of size 65
(Note) Note that the length of the path of contact of the bolt will be within the depth of the female screw. If the length exceeds the size indicated
by the symbol, Z, it will damage the flexspline.
* The shape of the output flange may vary depending on the size. Contact us for details. * Check the confirmation drawing for de lails of the sizes.
* See Fig. 040-3 on Page 40 for the shapes of the wave generator. The dimension tolerances that are not specified vary depending on the manufacturing method.
Please check the confirmation drawing or contact us for dime nsion tolerances not shown on the drawing.
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Table 120-1
Unit: mm

B* 41% % | 455 % % % | 725% | 795 % % | 1045 %| 115 %
c 34 37 38 46 57 66.5 74 85 a7 108.5
. e LY % | 755 5% 5% % | 56% | 5% | 75% | es%
ﬁfum.. 2k 8% 75% 6% 5%, 6% 5.5% 5% 76% | 65%
E 27 29 28 36 45 50.5 58 69 77 84.5
F 7 8 10 10 12 16 16 16 20 24
G 2 2 3 3 3 4 4 4 5 5
CSG Series a5 4 5 5 5 5 8 6 6 6
= CSG-LW Series 4 4 5 5 45 45 6 6 6 )
CSF Series 35 4 5 5 5 5 6 6 6 6
CSF-LW Series 4 4 8 5 45 4.5 6 6 6 6
CSG Series 0.5 0.5 0.5 0.5 1 1.5 1 1 1.5 1.5
. CSG-LW Series | 1.1 1.1 1.1 1.1 12 16 1.6 1 15 15
CSF Series 05 1.1 1.1 1.1 12 1.6 1.6 1 1.5 1.5
CSF-LW Serles o 13 1.1 1.1 1.2 1.6 1.6 q 1.5 1.5
M1 9.4 9.5 9 2 15 5 6 8 10 10
M2 " " s 3 : " < " " 4
CSG Series
o o s 20.7 215 216 236 209.7 305 348 38.3 446
& CSF Series
CSF-LW Series 17.6 19.5 201 20.2 22 275 279 32 349 409
9O 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 89.6 85 110 1245 143 155 183.4 | 2084
oP CSF Series 55 62 70 85 12 123 147 157 185 210
CSF-LWSeries | 548 81.6 89.6 85 110 124.5 143 155 1834 | 2084
CSG Series 425 49.5 58 73 96 109 127 137 161 186
- CSG-LW Series | 405 475 55.5 71 91.1 103 123 130 155 180
CSF Series 425 49.5 58 73 % 108 127 137 161 186
CSF-LW Series 40.5 47.5 55.5 71 91.1 103 123 130 155 180
oR1 H7 11 10 14 20 26 a2 32 40 46 52
oR2 H7 : i 5 < - < e - - 142
s 8 7 10| 15 20 24 25 32 38 44
QT h7 38 48 56 67(68) 920 110 124 135 156 177
QU HT 6 8 12 14 14 14 19 19 22 24
v : > 138 | 163 | 163+ | 1638 | 2185 | 218 | 248 & | 273
W Js9 z 3 4 5 5 5 6 6 6 8
X 23 27 32 42 55 68 82 84 100 110
Y 6 8 8 8 8 8 8 8 8 8
7 M4xB | M5x10 | M6x0 | MBx12 | M10x15 | M10x15 | M12x18 | M14x21 | M16x24 | M16x24
a 1 1 15 15 15 2 2 2 25 25
ob 65 71 82 96 125 144 164 174 206 236
CSG Series 8 8 8 10 12 10 12 14 12 8
. CSG-LW Series ) 8 8 10 12 10 16 18 16 12
CSF Series -] 6 6 8 12 8 12 12 12 8
CSF-LW Series 6 8 8 10 12 10 18 18 16 12
od 45 45 55 55 6.6 9 9 9 11 14
e 38 45 53 66 86 106 119 133 154 172
CSG Series 8 8 8 10 12 10 12 14 12 8
; CSG-LW Serles 6 8 8 10 12 10 16 18 16 12
CSF Series 6 6 6 8 12 8 12 12 12 8
CSF-LW Series [:] 8 8 10 12 10 16 18 16 12
g M4 M4 M5 M5 M6 M8 M8 Me M10 M12
h 29.0x0.50 34.5x0.80 | 40.64x1.14 | 53.28x0.99 sTM AS568-042 S100 S105 5125 §135
i S50 S56 s67 S80 S105 | S125 | sS145 | sis5 | s180 | S205
ok 31 38 45 58 78 90 107 112 135 155
om 10 105 155 20 27 34 36 29 46 56
r 214 235 23 29 37 395 455 53 62.8 66.5
Series
i CSGLW Series 14 0.8 1 1.4 14 33 35 22 34 3.9
CSF Series
ek 2 2 24 28 3 55 6.1 5 6.8 7.6
[ 14 18 21 26 26 32 32 32 40 48
CSG Serles 052 0.68 0.98 15 32 5.0 7.0 8.9 146 20.9
Mass (kg) CSG-LW Series 0.32 0.46 0.64 1.1 232 3.5 5.1 7 11.3 16.2
CSF Series 052 0.68 0.98 15 32 5.0 7.0 8.9 148 20.9
CSF-LW Series 0.32 0.46 0.64 1.4 2.2 3.5 5.1 7 11.3 16.2

(note1) the dimension in parenthesis is for reduction ratio 30.
@ “The B, D, and t values indicate relative position of individual gearing

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

adhere to these values when designing your housing and mating parts.

@ Wave generator is removed when the product is delivered.
e CSF & CSG-LW available in sizes 14 to 45.
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Positioning accuracy See "Engineering data" for a description of terms.

Table 150-1
Unt: X10™rad (arc* min)
Rao o mmbf‘“ 14 17 20 25 4010 65
Standard 5.8 4.4 4.4 4.4 X —
a0 product @ (1.5) 1.5) (1.5 1.5 —
Special — — 29 29 29 —_
product _ — 1) (& D] (&) —
Standard 4.4 44 29 29 29 29
ErT—" product (1.5) 1.8 ) 1) 1) 1)
Spedl 29 29 15 15 15 15
product 1) (€P] (0.5) 0.5) 0.5 (0.5)
Soe "Engineering data" for a description of terms.
Table 150-2
Ralio Size 14 17 20 25 32 40 or more
- #10™rad 8.7 8.7 8.7 8.7 8.7 —
arc min 3.0 3.0 3.0 3.0 3.0 —
50 *10™rad 58 5.8 58 5.8 5.8 58
arc min 2.0 2.0 2.0 2.0 20 2.0
80 or *10"*rad 29 29 29 29 29 29
more arc min 1.0 1.0 1.0 1.0 1.0 1.0
AT see "Engineering data” for a description of terms. ———
al

5 *i0%md | 29,1 16.0 136 136 11.2 - an = - =
arc sec 60 33 28 28 23 —_ — — —_ —_

50 *10"%rad 17.5 97 8.2 8.2 6.8 6.8 58 5.8 4.8 48
aro see 38 20 17 17 14 14 12 12 10 10

- «0ad | 11.2 6.3 5.3 5.3 4.4 44 39 39 2.9 29
e 23 13 11 1 9 9 8 8 6 6

— xomd| 8.7 4.8 44 44 34 34 2.9 2.9 24 24
arc sec 18 10 9 ] 7 7 6 6 5 5

pon e — 3.9 3.9 3.9 2.9 2.9 24 24 19 19
arconc = 8 8 8 6 6 5 5 4 4

o x10rad = = 29 2.9 24 24 1.9 19 15 15
arc sec —_ _— -] 6 5 5 4 4 3 3

Torsional Stiffness See "Enginesrirl datf" for a description of Werms,
Table 150-4

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

2.0 3.9 7.0 14 29 54 76 108 168 235

kgm|  0.20 0.40 0.70 14 3.0 55 7.8 11 17 24

T nm| 6.9 12 25 48 108 % 275 382 598 843

gm| 0.7 12 25 49 1 20 28 30 61 86

K, __x0Nmnd|  0.19 0.34 0.57 10 24 = = = = =

mn| 0.056 0.10 0.17 0.30 0.70 — — — — —

K *10'Nm/rad 0.24 0.44 0.71 13 3.0 — — — — —
kgfmarcmin|  0.07 0.13 0.21 0.40 0.89 = = = =

K | monmma| 034 0.67 11 21 49 — — = — —

Raduction kgimarcmin|  0.10 0.20 0.32 0.62 15 = — — — —
o | o «to*rad| 105 15 12.3 14 12.1 — = = — =
% acmn| 38 40 41 47 43 — — = = —

a <orad| 34 30 38 40 38 = — = == =

ecmin| 107 10.2 12.7 134 133 — = — — =

K | xioNmed| 034 0.81 13 25 5.4 10 15 20 31 44
kgarcmin| 0.1 0.24 0.38 0.74 16 3.0 43 5.9 93 13

K | xonmma| 047 11 18 34 78 14 20 28 44 61
kgmarcmn|  0.14 0.32 0.52 1.0 23 42 8.0 8.2 13 18

[Recuction|” T xrotnwea|  0.67 13 23 44 9.8 18 26 34 54 78
':;" kgfmacmn| 0.7 0.4 0.67 13 29 53 76 10 18 23

" «o'rad| 5.8 49 5.2 55 55 5.2 52 55 52 52

acmn| 2.0 17 18 19 19 18 18 19 18 18

" «0*md| 16 12 154 157 157 154 15.1 15.4 151 151

wcmn| 56 42 53 54 54 5.3 52 5.3 52 52

* The values In this table are reference values. The minimum value Is approximately 80% of the displayed value.
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Table 151~
STl 17 20 25 32 40 45 65
g 39 7.0 14 29 54 76 235
kgfm 0.20 0.40 0.70 1.4 3.0 55 7.8 1 17 24
T. Nm 6.9 12 25 48 108 196 275 382 508 843
kgfm 0.7 12 25 49 11 20 28 39 61
K, *10*Nm/rad 0.47 1 16 31 6.7 13 18 25 40 54
kgfm/arc min 0.14 0.3 0.47 0.92 20 38 54 74 12 16
K *10*Nm/rad 0.61 14 25 5.0 11 20 29 40 61 88
kgfm/arc min 0.18 04 0.75 1.5 3.2 6.0 85 12 18 26
*10*Nm/rad 0.71 1.6 29 5.7 12 23 33 44 71 98
M,::m - kgfm/arc min 0.21 0.46 0.85 1.7 3.7 6.8 9.7 13 21 29
B0or a x10"rad 4.1 39 44 44 44 41 4.1 4.4 4.1 44
e acmn| 14 13 15 15 15 1.4 14 15 14 15
a x10*rad 12 9.7 11.3 1.1 11.6 111 11.1 11.1 111 11.3
are min 42 33 3.9 38 4.0 38 38 38 3.8 39
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
Sae'Englnoaﬂm 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
80 31 44 54 10 21 39 54 73 108 154
100 28 37 4.7 88 20 34 47 64 97 132
120 — 34 4.2 8.0 17 kil 43 57 88 121
160 —_ —_ 36 6.9 15 26 36 50 75 102
Table 151-3
m CSF Series Unit: Nem
30 B. 9, 5 —_ — — — —_
50 4.1 6.1 7.8 16 3 55 7 110 160 220
80 28 4 49 9.2 19 35 49 66 98 140
100 25 34 43 8 18 3 43 58 120 |
120 —_ 31 3.8 7.3 16 28 39 52 80 110
160 —_ —_ 33 6.3 14 24 a3 45 68 93
Backdriving torque See "Engineering data® for a description of terms. As the values Iin the table below vary depending on the
use conditions, use them as reference values. Table 194
m CSG Series Unit:

80 1.8 33 53 10 21 36 53 69 108 154
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
= CSF Series e
30 4 3.8 5. — == == — —
50 16 3 4.7 9 18 33 47 62 95 130 |
80 1.6 3 4.8 9.1 19 33 48 63 96 140
100 1.8 33 5.1 98 20 36 51 68 110 180 |
120 — 35 55 11 22 39 55 73 110 160
160 — — 64 13 26 46 64 85 130 180
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Ratcheting torque See "Engineering data” for a description of terms.

Table 132-1
m CSG Series Unit: Nm
L iz I 17 20 25 32 40 45 50 58 65
50 110 190 280 580 1200 2300 3500 = — =
80 140 260 450 880 1800 3600 5000 7000 10000 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 — 150 310 610 1200 2400 3600 4900 7500 10000
160 — - 280 580 1200 2300 3300 4600 7200 10000
Table 132-2
m CSF Series Unit: Nm
SRl 17 20 25 32 40 45 50 58 65
Ratio
30 59 100 170 340 720 = = = - =
50 88 150 220 450 980 1800 2700 3700 5800 7800
80 110 200 350 680 1400 2800 3900 5400 8200 11000
100 84 160 260 500 1000 2100 3100 4100 6400 9400
120 = 120 240 470 980 1900 2800 3800 5800 8300
160 — — 220 450 980 1800 2600 3600 5600 8000
Buckling torque See "Engineering data" for a description of terms.
Table 132-3
m CSG Series Unit: Nm

Size
Total reduction ratio
Table 132-4
m CSF Series Unit: Nm

Slze

Total reduction ratio

No-load running torque

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

- Harmenic Grease SK-1A
Grease e
Lubricant ubricat Hamonic Grease SK-2

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

* Contact us for ol lubrication.

4 ' Table 132-6
Compensation value for ne-load running torque Unit: Nem
m Compensation Value in Each Ratio Ratio
; ) ) g 30 50 80 120
No-load running torque of the gear varies with ratio. — = =7 y 02 -
The graphs indicate a value for ratio 100. - - -
, i 17 38 1.6 0.3 0.2 —
For other gear ratios, add the compensation values
from table on thesriaht 20 54 23 0.5 0.3 0.8
rig 25 8.8 38 0.7 0.5 -1.2
32 16 7.1 1.3 0.9 22
40 — 12 21 -1.5 -35
45 — 16 29 -21 4.9
50 = 21 a7 2.6 8.2
58 — 30 5.3 -3.8 -89
65 — 41 7.2 -5.1 -12
i,

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

Input speed: 500rpm
i Graph 133-

=

100

No-load running torque (Nem)
y
8 85888
Size

=3B

10 0 10 20 30 40
Ambient Temperature (°C)
Input speed: 2000rpm
10000 e i

Wi
/
I

No-load running torque (Nem)
2
Size

k
IBR A

|
u -10 0 10 20 30 40

Ambient Temperature (°C)

Input speed: 1000rpm

10000 S A0
1000
- =
—
é R, SRR
~] . -
E 100 :
32
1 — 25
20
2 17
14
1

°‘1.1o 0 10 20 30 40

Ambient Temperature (°C)

Input speed: 3500rpm

10000 Graph 133-4

04
-10 0 10 20 30 40

Ambient Temperature (°C)

*Tha values In this graph are average velues{X). o20%

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

= Input rotational speed

= Load torque

m Temperature

=m 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.

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

Harmonic Grease SK-1A

Grease Name

Lubricant | |.prication Harmonic Grease SK-2

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 ratioa 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 —=
/"_
0.9
<
ne n =Ke-nr
§ 07 n== Efficiency at the rated torque

Torqus ratio @ =22

i BHERER
01 02 03 04 05 06 0.7 08 09 1.0

Torque ratio

* Efficiancy compensation cosfficient Ke=1 holds when the load torgue is greater
than the rated torque.
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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 =
100 Graph 135-1 100 Graph 1352 00 Graph 1353 safety coefficient to fully bring out the performance of the uni t type. “
See Pages 30 to 34 of "Engineering data" for each calculation formula. g
90 90 90 [
80 80 80 m Checking procedure o
s —_ 500rpm S | 500rpm =
% 70 s00rm -;*s 70 — e e % 70 ] 20000m (1) Checking the maximum moment load (Mmax) o
|t 000 | —"1 —" "1 3s00pm ¥
E m//;';':"'/'-—"" 25000 g se// e § m//////:;/ Jcnmmmm(um Mmﬂnmmmmsmmm)
/ L~ ’/ / /// (2) Checking the life
49// ol 40// o~3% 40//. o3% ]m“mmm-ﬂhwwum m Calculate the radial load coefficient (x) and the axial load Mmhlﬂm
30 30; 30 v4
20 a0 20 (3) Checking the static safety coefficient
-10 J- 10 20 30 40 -10 J. 10 20 30 40 =10 0 10 20 30 40 ‘CI iais the static equivalent radial load coefich (Po).»{ Check the static safet ficient. (fs) }
Ambient Temperature °C) Ambient Temperature (°C) Ambient Temperature (°C)
= Output bearing specifications
The specifications of the cross roller are shown in Table 136-1.
Specifications CSG Series/CSF Series Table 1361
m Efficiency at rated torque (Sizes 17 to 65) ieh ool [N Grfset Basic rated load Allowable Moment stifiness
Basic dynamic rated load Basic static rated load mamentload
dp R Me : w
c Co %10 * Nm/rad | kgfm/ arc min T
Ratio 30 Ratio 50 Ratio 80, 100 m m x10 °N kgf x40 *N kaf Nm kgfm (2
160 Graph 1354 100 Graph 135-5 100 Graph 135-6 14 0.035 0.0095 47 480 60.7 620 i 4.38 1.3 g:’
17 0.0425 0.0095 52.9 540 75.5 770 64 6.5 7.75 23 ;;
90 90 20 0.050 0.0095 57.8 590 90.0 920 91 9.3 12.8 3.8 =
| sopm 25 0.062 0.0115 96.0 280 151 1540 156 16 242 72 o
80 %0 80 — 1000pm 80 S R 32 0.080 0.013 150 1530 250 2550 313 32 53.9 16 g
& Ti P L - T o . i ,/////// o 40 0.096 0.0145 213 2170 365 3720 450 46 91.0 27 3
£ '/ ] g '/ == £ / 7 T 45 0.111 0.0155 230 2350 426 4340 686 70 141 42 =]
E sor 21— sl ¥ el A1 50 0.119 0.018 348 3550 602 6140 758 7 171 51 2
3 = /1 s / 5 |/ /// 58 0.141 0.0205 518 5290 904 9230 1180 120 283 84 =
& 0 £ 50 g 50 / 7 65 0.160 0.0225 556 5670 1030 10500 1860 190 404 120 (=
AD 40 40 / * Basic dynamic rated load Is a constant radial load where the basic dynamic rated life of CRB is 1 x 106 rotations.
T o=3% v o=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. (@]
W
o
N5 0 10 20 20 275 10 20 30 40 X6 0 10 20 30 40 0
i s R '- £ 4 Recommended Tolerances for Assembly @
Ambient Temperature °C) Ambient Temperature (°C) Ambient Temperature (°C) 2
Recommended tolerances for assembly Fig. 137-1 W
Ratio 120 Ratio 160 e g
100 Graph 135-7 100 Graph 135-8 3
80 90 Ll 3
1| 1000pm 500rpm 3
0 | 2000 - = 1000pm =
g 70 LT L £ 70 //r’{; ; 3500rpm {ATb}— &
§ A Dol 2
50 7Af . 5 50 R 1 ATa (@]
40 i Z g
/ o=3% / v o=3% =,
300 30 // 7 &
Ale Q
o
0 0 10 20 30 40 X 0 10 20 30 40 Table 137-1 3
Ambient Temperature (°C) Ambient Temperature (°C) ; Unit: mm B
e 14 17 20 25 32 40 45 50 58 65 &
Symbol 5
a 0.010 0.010 0.010 0.015 0.015 0.015 0.018 0.018 0.018 0.018 P
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 0.068 0.076 0.085 .3
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
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Design Guide

For peak performance of your gear, maintain the recommended tolerances shown in Figure 137-1 and Table 137-1.

Recommended tolerances for installation Fig. 137-2

L[ = [A]

Case mating face

&l

] .ﬂ =th.

©| e |A L ow

Recommended shaft Wave generator installation surface

tolerance

Table 137-2
Recommended Tolerances for Assembly Unit: mm
Size
Symbol 14 17 20 25 32 40 45 50 58 65
a 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031 0.034

CSG seriest Installation of case side and fransmission torque

b 0.017 0.020 0.020 0.024 0.024 0.032 0.032 0.032 0.032 0.032

(0.008) (0.010) €0.010) (0.012) €0.012) (0.012) (0.013) (0.015) (0.015) €0.015)
0.030 0.034 0.044 0.047 0.050 0.063 0.065 0.066 0.068 0.070

c

(0.016) (0.018) 0.019) (0.022) (0.022) (0.024) (0.027) (0.030) (0.033) (0.035)

*The value in the parentheses indicates that input (wave generator) is a solid wave generaton

Installation and transmission torque
Fig. 138-1
Output flange side

CSG series: Installation of output flange side and transmission torque Table 138-1
o S A 17 20 25 32 40 45 50 58 65
Number of bolts 6 6 8 8 8 8 8 8 8 8

Bolt size M4 M5 M8 M8 M10 M10 M12 M14 M16 M186

Pitch gircle mm 23 27 32 42 55 68 82 84 100 110
Clamptorque | Nm 54 108 184 45 89 89 154 246 383 383

T

transmission | N 58 108 25 580 1220 1510 2624 3690 5981 6579
capacity {bolt orly)

31—

W Size 44 17 20 25 ) 40 45 50 58
_Numberofbnlls 8 8 8 10 12 10 12 14 12

Bolt size M4 M4 M5 M5 Mé M8 M8 M8 M10 M12
Ptich circle mm 65 71 82 96 125 144 164 174 206 236
Clamp torque Nm 4.5 4.5 9.0 9.0 15.3 37 37 a7 74 128
Tarmission | Nm | 182 196 365 538 1200 2100 2844 3251 5717 6293
capacity (bolt only)

(Table 138-1, 138-2/Notes)

1. The material of the thread must withstand the clamp torque.
2. Recommended bolt: JIS B 1176 socket head cap screw / Strength range: JIS B 1051 over 12.9.
3. Torque coefficient: K=0.2
4. Clamp coefficient: A=1.4
5. Tightening friction coefficient p=0.15
CSF series: Bolt connection to output flange and resulting transmission torque Table 139-1

Size
ifam 14 17 20 40 45 50 58 65
Number of bolts 6 6 8 8 8 8 8 8 8 8
Bolt size M4 M5 M6 M8 M10 M10 M12 M14 M16 M16
Pitch circle mm 23 27 32 42 55 68 82 84 100 110
Clamptorque | Nm 4.5 9 16.3 7 74 74 128 205 319 319
Torque i
n

MMGM m 49 91 204 486 1108 1258 2200 3070 4980 5480
CSF series: Bolt connection to output flange and resulting transmission torgue Table 139-2
e Size 14 17 20 25 32 40 45 50 58 65
Number of bolts 6 6 8 12 8 12 12 12 8
Bolt size M4 M4 M5 M5 M6 M8 M8 M8 M10 M12
Pitch circle mm 65 71 82 96 125 144 164 174 206 236
Clamptorque | Nm 4.5 45 9.0 9.0 16.3 37 37 7 74 128
Torque X

WMN’I) m 137 147 274 431 1200 1680 2860 3040 5670 6310

(Table 139-1, 139-2/Notes)

The material of the thread must withstand the clamp torque.

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

Clamp coefficient: A=1.4

Tightening friction coefficient u=0.15

O P I

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

As the distance (see the size symbol “L" in Figure 128-1 obf Page 128)
between the oil seal on the output flange periphery and the edge

output flange (rotor) is short for the gear units sizes 14, 17, 20 and 25, the
load may interfere with the oil seal. Produce a design so that the load
cannot be applied to the oil seal.
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Installation of a motor —

m Motor mounting flange T—_ o=’/
A motor mounting flange is required for installing a motor. The " Z 1R
. ) . A
recommended size and precision of the basic part of the motor i ! ] |
mounting flange is shown in Table 140-1. I =
el {
ulll/' %
__'__.
Table 140-1
Unit: mm
S 14 17 20 25 32 40 45 50 58 65
Symbol
a 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05
b 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.05
c 0.015 0.015 0.018 0.018 0.018 0.018 0.021 0.021 0.021 0.021
oA 73 79 93 107 138 160 180 190 226 260
t 3 3 45 45 45 6 6 6 7.5 75
9T 38H7 48H7 56H7 67H7 90H7 110H7 124H7 135H7 156H7 177HT

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
I installation
<100.0 [ <1135 | <1245 | <147 | <167 |Installation procedure-1 (Fig. 141-1)

<500 | <625 | <B1.5

=500 | =625 | =815

=100.0 | =1135 | =1245 | =147 =167 | Installation procedure-2 (Fig. 141-2)

Fig. 141-1
Installation procedure-1
—E=—(1) (1) Install the mounting flange on the motor mounting surface.
¥ (2) Install a wave generator on the motor output shaft.
oo S
L e (3) Install the main unit.
SN
R E=ne=ae— = —-=(3)
Fig. 141-2
Installation procedure-2
I
=) (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. Aﬂ;&wﬁﬁﬁyuaﬁm force to va:axagmmr FUl;l:lg Although Harmonic Drive® gears come with some corrosion
U n. g tHs-Wava gensra nng while inserting  protection, the gear can rust if exposed to the environment.
* FRopmmancied a0d will nase The procses. The gear external surfaces typically have only a temporary

2. If the wuas\;ti bgergerﬂtot; does no;th l;?ve an Otlgm Ggl{%f;gétaiﬂm corrosion inhibitor and some oil applied. If an anti-rust product
care m given to ensure that concen and inclination ;
are within the specified limits (see "Installation accuracy” of each s el
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?
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Fig. 142-1
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. =SV
(see "Engineering data" for the specifications of the grease). i }%
-
See table below for recommended housing dimensions. These a’f/
dimensions must be maintained to prevent damage to the gear 'Z/ /
and to maintain a proper grease cavity. %
%
I . -3
e S =N 0
Q
Recommended housing dimensions Tﬂ’:’i;gn:
Size i
Symbol 14 17 20 25 32 40 45 50 58 65
ax 1 1 1.5 1.5 1.5 2 2 2 25 25
a™ 3 3 4.5 45 4.5 6 6 6 75 7.5
@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).
Sealing area and the recommended sealing method
Sealing is needed to maintain the high durability of the gear and for the unit type Table 142-2

prevent grease leakage Recommended

Area requiring sealing b el

. Rotgﬁn =721 1 Rr—— ' 7T | (Wﬂ'.h a Spl'il'l). Surface & —
should be smooth (no of 0 output flange and the | Use O-ing (supplied with product)
scratches) Output | output flange mating face

» Mating flange --.wessssssssessseenneee. O-ring and seal adhesive. Take side . Screw lock agent with seaiing effec
care regarding distortion on the penner e s (LOCTITE® 242 is recommended)
2::;9 g::d how the O-ring is Flange mating face Use Oing {supplied with produdh

aged.

« Screw hole area ..o Screws should have a thread Input Shiassiliisaaleniiaden
lock (LOCKTITE 242 is B [ E—— oil 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

Horizontal Multi Arm Robot

Fig. 144-1

L]

* For usage as this Installation example, sealing s required to prevent grease leakage.

Direct Connection to a Servomotor Fig. 144-2
Optional Input Shaft Fig. 144-3
CSF/CSG-2UJ with optional input shaft
q
e
o=
= O
* Contact us for detalls
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Features

Input shaft (2UJ)

Hollow shaft (2UH) Simplicity unit (250/28H)

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 (280)
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 CRB inner ring
Output shaft H / Circular spline
N o
-W ra = QOutput shaft

H

Input shaft |

=
= Wave
generator
Flexspline
= ™ CRB outer ring
[ Hollow shaft 2UH) |
CRB CRB inner ring

(fixed part)

Flexspline [ -
(output shaft)
*\|_ Wave generator
(input shaft)
Retaining bolt i 5 é CRB outer fi
ining A outer ring

[ simplicity unit (250) |

CRB CRB inner ring

Output shaft 1 . L Circular spline

e = Output shaft

=

Input shaft B

ol
J Wave
%

generator
Flexspline —
CRB outer ring
| Input shaft (2UJ) |
CRB inner ring
CRB
i
I Circular spline
(fixed part)
Flexspline
(output shaft)
Wave generator
(input shaft)
Retaining bolt Y CRB outer ring

El

[ simplicity unit (2sH) |
* CRB: Cross roller bearing
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Ordering Code Ordering Code
SHG-25-100-2UH- SP SHF - 25-100- 2UH - SP

: H H . i Lereennnnnnnng fverresressessessssessesnenny =
P i Sessuiisa . . H : : : 'e)
: i : ; : i i i i =
e v v v v \ \ v \/ \d Table 2292 ;5;
Tabila:229:4 Series Size Ratio "1 Model Special specification a
Series Size Ratio *1 Model Special specification 112 = 50 = 100 — = i)
14 50 80 100 — — 14 30 50 80 100 = — 2A-GR =Compoenent set =
17 | 50 | 80 100 120 = 2A-GR =Component set 17 3 | 50 | 8 | 100 | 120 | — ﬁA-g;or sizes
20 50 | 80 100 120 160 (2A—R for sizes . ; 20 30 50 80 100 120 160 2UH= Hollow shaft LW = Lightweight
25 50 | 80 100 120 160 14, 17) LW = Lightweight SHF 25 30 50 80 100 120 160 2UJ= Input shaft 8P = Speclal specification
2 | 50 80 100 | 120 | 180 | e polowshat 5= Bpacial apocilication 22 | ag e |0 e 100 120 L TI80T] 280 = Simplicity unit code
| | = Inputsl e 40 — 50 80 100 120 160 Std. structure
SHG 40 | 50 | 8 100 120 160 | 250=Simplicity unit a5 = 50 | 80 | 100 | 120 | 180 | 2sH= éimp,iciw unit ) Blank = Standard product
45 50 | 80 100 120 160 (Std. structure ) Blank = Standard product 50 — 50 80 100 120 160 (Hollow shaft)
50 | — | 80 100 120 160 2SH = Simplicity unit = = s w1 T 1 o
58 — | & 10 | 120 | 160 {Fiollow: 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
*2: Size 11 is only available in SHF-2UH

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

TeCh n ica I Data m_SHF series Table 231-1

Rating table

Rated forque at Limit for momentary Maximum input Limit for average
2000rpm peak torque speed (rpm) input speed (rpm)

(9]
©
(9]
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=
=
=
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. Nm il Grease o]} Grease
m SHG series Table 230-1 lubricant lubricant lubricant  lubricant
Rated torque at - L:t:fim:ak Limit for momentary Maximum input _leil for average g:)
2000rpm pebrquz peak torque speed (rpm) input speed (rpm) k _52
Gil Grease o]} Grease g:’
lubricant lubricant lubricant lubricant 23 =31
r
- X A 28
14 80 10 1.0 30 3.1 14 1.4 61 6.2 14000 8500 6500 3500 16 ‘:!D
100 | 10 10 36 37 14 14 70 72 5 &
20 ;; 2'1 ; ; : ; g; 1'113 2 17 80 22 22 43 4.4 27 27 87 8.9 10000 7300 6500 3500 g
17 0 & - = 10000 7300 6500 3500 100 24 24 54 55 39 4.0 110 11 'g
100 31 3.2 70 7.2 51 52 143 15 120 2 24 54 55 39 40 86 88 2
120 31 3.2 70 7.2 51 5.2 112 11 50 = e o 2Ia 5 X =0 51 @
50 33 3.3 73 74 44 4.5 127 13 50 2% 25 58 5:7 7, 35 28 10 E
80 44 4.5 96 9.8 61 6.2 165 17 80 a2 35 74 75 a7 48 127 13 =
20 100 52 53 107 10.9 64 6.5 191 20 10000 6500 6500 3500 20 100 40 41 a2 B4 49 5.0 147 15 10000 6500 6500 3500 32
120 52 5.3 113 11.5 84 6.5 191 20 120 %0 T a7 5'9 a9 5.0 a7 5
160 52 5.3 120 12.2 84 6.5 191 20 T 7T TE] = 9‘ i 49 5'0 147 %
50 51 5.2 127 13 72 73 242 25 30 27 2.8 50 5'1 38 3'9 s o7
80 82 8.4 178 18 113 12 332 34 50 3= 30 58 1'0 5 5'6 188 19
25 100 87 8.9 204 21 140 14 369 38 7500 5600 5600 3500 80 63 3'4 137 14 87 8‘9 255 26
120 87 8.9 217 22 140 14 395 40 25 - . 7500 5600 5600 3500
160 87 8.9 229 23 140 1 208 2 100 67 6.8 157 16 108 1 284 29
50 = 1'0 81 29 40 e 457 51 120 67 6.8 167 17 108 11 304 31
160 67 6.8 176 18 108 11 314 32
80 153 16 395 40 217 22 738 75 30 7 55 100 10 75 77 200 20
32 100 178 18 433 44 281 29 841 86 7000 4800 4600 3500 50 = 7.5 518 2 T 1'1 ) 5
120 | 178 18 459 47 281 29 892 91 0 118 = 304 3 167 7 568 58
160 178 18 484 49 281 29 892 91 32 100 137 14 333 24 216 22 847 66 7000 4800 4800 3500
$ 12;; z s s ﬁ z s 193:) 120 | 137 14 353 36 216 2 686 70
160 137 14 372 38 216 22 686 70
40 100 345 35 738 75 484 49 1400 143 5600 4000 3600 3000 50 137 14 202 T 196 20 586 70
:(2;3 33;2.2 :: 3‘3 x x : :g 1: 80 206 21 519 53 284 29 980 100
50 258 23 650 6 245 35 1235 126 40 100 265 27 568 58 372 38 1080 110 5600 4000 3600 3000
120 294 30 817 63 451 46 1180 120
80 407 41 918 94 507 52 1651 168 160 204 a0 647 66 451 46 1180 120
45 100 459 47 982 100 650 66 2041 208 5000 3800 3300 3000 50 178 8 500 51 265 27 950 o7
mlee [ = Lwo L m e [ u [om | o 0 -
45 100 353 36 755 77 500 51 1570 160 5000 3800 3300 3000
A 484 i 1229 i Ll i 2418 247 120 402 41 823 84 620 63 1760 180
50 i L e 1278 Lo ool a2 2879 i 4500 3500 3000 2500 160 402 Lil 882 920 630 64 1910 195
120 688 70 1404 143 1067 108 2678 273 50 122 12 715 73 175 18 1430 146
160 688 70 1534 156 1096 112 3185 325 a0 372 38 941 % 519 E5 1860 190
ol m B 14 ;‘1"15 :gg; 55 2: gi = 50 100 | 470 4 980 100 666 88 2060 210 4500 3500 | 3000 2500
58 - 4000 3000 2700 2200 120 529 54 1080 110 813 83 2060 210
120 969 99 2236 228 1547 158 4329 441 160 529 54 1180 120 843 86 2450 2850
160 969 99 2392 244 1573 160 4459 455 50 176 18 1020 104 260 27 1960 200
65 120 1236 126 2263 333 2041 208 8175 30 3500 2800 2400 1900 58 100 696 4l 1590 162 1060 108 3180 325 4000 3000 2700 2200
e o 126 2410 349 2041 i 8175 30 120 745 76 1720 176 1190 121 3330 340
P 160 745 76 1840 188 1210 123 3430 350
{Note) 1. Moment. ofinertia If_'B,GD . p (Note) 1. Qil lubrication is standard for gear units size 50 or larger with a reduction ratio of 50. Use grease lubrication
2. See Rating Table Definitions on Page 12 for details of the terms. within half the rated torque.
2. Moment of inertia : I= %GD - 3. See Rating Table Definitions on Page 12 for detalls of the terms. 4. Size 11 Is only avallable in 2UH.
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POSitiOH al accu racy See "Engineering data" for a description of terms.

Table 232-1
PR 11 14 17 20 25 32 40 or more
Standard * 10™*rad —_ 5.8 4.4 44 4.4 4.4 ==
& product arc min e 2 1.5 15 1.5 15 —_
Special * 107*rad — — —_ 2.9 2.9 29 —
product arc min — — — 1 1 1 —
Standard | * 10%ad|  5.8(4.4) 4.4 44 2.9 2.9 29 2.9
e o product arc min 2(1.5) 15 1.5 1 1 1 1
Speclal | * 107rad = 2.9 29 1.5 1.5 1.5 1.5
product aromin = 1 1 0.5 05 05 05
Note 1: * The parenthesized value of size 11 indicates the value for reduction ratio 100.
See “Engineering data" for a description of terms.
Table 232-2
Rady |, S 11 14 17 20 25 32 40 or more
* 10rad — 8.7 8.7 8.7 8.7 8.7 =
G s = 3.0 30 30 30 30 -
% * 10rad 5.8 5.8 5.8 5.8 5.8 5.8 5.8
arc min 20 2.0 2.0 20 20 20 20
80 or * 10%rad 5.8 2.9 2.9 2.9 2.9 2.9 2.9
more arcmin 20 1.0 1.0 10 1.0 1.0 1.0
Backlash See "Engineering data” for a description of terms.
Table 232-3
Ratio e 14 17 20 25 32 40 45 50 58 65
* 10rad — 29.1 16.0 13.6 13.6 1.2 = — — = =
80 o] — 60 33 28 28 23 p— — — = =
- x10rad | Note 1 175 9.7 8.2 8.2 6.8 6.8 5.8 5.8 4.8 =
arcsec | Note 1 36 20 17 17 14 14 12 12 10 =
* 10%rad = 112 6.3 53 5.3 44 4.4 3.9 39 29 29
80 arc sea — 23 13 11 11 9 9 8 8 6 6
x10ad | Note 1 8.7 48 44 44 34 3.4 29 29 24 24
0 i Nete 18 10 g g 7 7 6 6 5 5
x 10°%rad — - 39 39 39 29 29 2.4 24 1.9 1.9
120 e = 8 8 8 6 6 5 5 4 4
x 10™rad = — = 2.9 2.9 24 2.4 19 19 15 1.5
160 —— —— = = 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.
See "Engineering data" for a description of terms.
Table 232-4
Size
Syl 11 14 17 20 25 32 40 45 50 58 85
Nm| 0.8 2.0 39 7.0 14 29 54 76 108 168 235
T wm| 0.082 0.2 0.4 07 1.4 3.0 5.5 7.8 11 17 24
Nm| 2.0 6.9 12 25 48 108 196 275 382 598 843
E m| 0.2 0.7 12 25 49 1 20 28 39 61 86
* 10Nmirad| — 0.19 0.34 0.57 1.0 24 = = = — —
K imecnin] 0.056 0.10 017 0.30 0.70 — — — — —
* 10Nmirad|  — 0.24 0.44 0.71 13 30 - — — — -
K i [ - 0.07 0.13 0.21 0.40 0.89 = — — — =
x 10'Nmirad|  — 0.34 0.67 11 21 49 = — — s =
bocuction| ' [ omai| | — 0.10 0.20 0.32 0.62 15 - = — o =
rggo o x 10%ed|  — 10.5 1.5 123 14 12.1 - = — = =
p acmin|  — 3.6 4.0 4.1 4.7 4.3 — — — — —
| wi1ovrad| — 31 30 38 40 38 = = p— - -
8 «f | — 107 102 127 13.4 13.3 — — — — —
x 10'Nmirad|  0.22 0.34 0.81 13 25 54 10 15 20 31 =
9 rgtaumn|  0.066 0.1 0.24 0.38 0.74 16 30 43 59 9.3 =
x 1o'Nmired| 0.3 0.47 1.1 18 34 7.8 14 20 28 44 —
e [ ommcrin| _ 0.08 0.14 0.32 0.52 1.0 23 42 6.0 8.2 13 =
Rsf;:fgm R 10Nmred|  0.32 0.57 1.3 2.3 44 9.8 18 26 34 54 —_
50 kgfmarcmin|  0.096 0.17 0.4 0.67 1.3 29 53 76 10 16 =
x10had| 3.6 5.8 49 52 55 55 5.2 5.2 5.5 5.2 =
9 aomn| 1.2 2.0 17 18 19 19 18 18 1.9 18 =
% 10%ad| 8.0 16 12 15.4 15.7 15.7 15.4 15.1 15.4 15.1 =
0. aomn| 2.8 5.6 42 53 5.4 54 53 5.2 53 52 =

* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
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Table 233-1
Symbol i 11 14 17 20 25 32 40 65
nm| 0.8 2.0 39 7.0 14 29 54 235
T om| 082 | 02 0.4 07 14 30 55 7.8 11 17 24
Nm| 2 6.9 12 25 48 108 196 275 382 598 843
T: kgfin| 0.2 0.7 1.2 25 4.9 11 20 28 39 61 86
x 10Nmirad|  0.27 0.47 1 1.6 3.1 6.7 13 18 25 40 54
- kgimacmin|  0.08 0.14 0.3 0.47 0.92 2.0 3.8 5.4 7.4 12 16
x 10Nmimd|  0.34 0.61 1.4 25 5.0 11 20 29 40 61 88
Reductkon K kgfaremin| 0.1 0.18 0.4 0.75 15 3.2 6.0 8.5 12 18 26
ratio x 10Nmimd|  0.44 0.71 1.6 2.9 57 12 23 33 44 71 98
or:g) R K kgimarcmin|  0.13 0.21 0.46 0.85 1.7 3.7 6.8 9.7 13 21 29
x10%ed| 3 4.1 3.9 4.4 44 4.4 4.1 4.1 4.4 41 4.4
| —— — 14 13 15 15 15 14 14 15 14 15
x10'ad| B 12 9.7 11.3 11.1 11.6 11.1 11.1 11.1 11.1 11.3
0: acmin| 2.2 42 3.3 3.9 38 4.0 38 3.8 3.8 3.8 3.9
* The values in this table are reference values. The minimum value is approximately 80% of the displayed value.
See "Engineering data" for a description of terms.
Table 233-2
m SHG series Unit:Nm
e SEe | s 17 20 25 32 40 45 50 58 65
10
50 110 190 280 580 1200 2300 3500 — — —
80 140 260 450 880 1800 3600 5000 7000 10000 14000
100 100 200 330 650 1300 2700 4000 5300 8300 12000
120 —_ 150 310 610 1200 2400 3600 4900 7500 10000
160 — — 280 580 1200 2300 3300 4600 7200 10000
Table 233-3
m SHF series Unit:Nm
o Size 44 14 17 20 25 32 40 45 50 58
30 — 59 100 170 340 720 — — — —
50 34 88 150 220 450 980 1800 2700 3700 5800
80 e 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
=0T {3 To R U] 1o V2R See "Engineering data” for a description of terms.
Table 233-4
m SHG series Unit:Nm

Total reduction ratio 210 420 700 1300 2800 5200 7600 10400 16200 22800
Table _233-5
m SHF series Unit:Nm

Total reduction ratio

140

270

440

890

1750

3750

5400

7500

11800
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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).
Please calculate maximum moment load, life of cross roller bearing,
and static safety factor to fully maximize the performance of housed unit (gearhead).

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

m Checking procedure

(1) Checking the maximum moment load (Mmax)

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

(2) Checking the life

Calculate the radial load (Fy) and the average axial load (Faav). C""""ﬂ": t*(‘:) radial load coefficient (x} and the axial load Calculate the lifetime
(3) Checking the static safety coefficient
Calculate the static equivalent radial load coefficient (Po). »{ Check the static safety coefficient. (fs)
m Qutput bearing specifications
The specifications of the cross roller are shown in Table 234-1.
Specifications Table 234-1

Pitch circle Offset Basic rated load Aowsbie Moment stifiness Km

dp R Basic dynamic rated load  Basic static rated load moment load Mc
c Co x10 * Nm/rad kgfm/arc min

m m x10 ‘N kgt 10 °N kgt Nm kgim

11 0.043 0.018 52.9 540 755 770 76 6.5 1.8
14 0.050 0.0217 58 590 86 880 X 74 7.6 8.5 25
17 0.060 0.0239 104 1060 163 1670 124 12.6 15.4 46
20 0.070 0.0255 146 1490 220 2250 * 187 19.1 252 7.5
25 0.085 0.0296 218 2230 358 3660 258 26.3 39.2 11.6
32 0.111 0.0384 382 3900 654 6680 580 59.1 100 29.6
40 0.133 0.044 433 4410 816 8330 849 86.6 179 53.2
45 0.154 0.0475 776 7920 1350 13800 1127 115 257 76.3
50 0.170 0.0525 816 8330 1490 15300 1487 152 351 104
58 0.195 0.0622 874 8920 1710 17500 2180 222 531 158
65 0.218 0.072 1300 13300 2230 22700 2740 280 4 220

* 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.

The basic static rated load means a static load that gives a certain level of contact stress (4 kN/mm?) 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.

—41-

Recommended tolerances for assembly

Recommended tolerances for assembly shown below.

m Flexspline fixed
Input: Wave generator
Output: Circular spline
Fixed: Flexspline

Hollow Shaft (2UH) Fig.235.1  Input shaft (2UJ) Fig. 235-2
m T FIX
Fixed f L P
ixed Ff %
Input . Output

=

ATy~
Table 235-1
Unit: mm
Size 1 14 17 20 25 3z 40 45 50 58 65

Symbol
0.033 0.033 0.038 0.040 0.046 0.054 0.057 0.057 0.063 0.063 0.067

0.035 0.035 0.035 0.039 0.041 0.047 0.050 0.053 0.060 0.063 0.063

0.053 0.064 0.071 0.079 0.085 0.104 0.111 0.118 0.121 0.121 0.131

0.053 0.053 0.050 0.059 0.061 0.072 0.075 0.078 0.085 0.088 0.089

0.039 0.040 0.045 0.051 0.057 0.065 0.071 0.072 0.076 0.076 0.082

mmo o0 w>»

0.038 0.038 0.038 0.047 0.049 0.054 0.060 0.065 0.067 0.070 0.072

m Circular spline fixed
Input: Wave generator
Output: Flexspline
Fixed: Circular spline

Hollow shaft (2UH) Fig.235-3  Input shaft (2UJ) Fig. 235-4
Vg |
Fixed =
R
Input Qutput
— |
=
% Ed
Table 171-2
Unit: mm
Size 1 14 17 20 25 32 40 a5 50 58 65

Symbol
0.027 0.037 0.039 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

o0 o>

0.053 0.053 0.053 0.059 0.061 0.072 0.075 0.078 0.085 0.088 0.089
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Rotational direction and reduction ratio of a unit type Design Guide

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 The standard lubricant for Harmonic Drive® gear units is Harmonic Grease SK-1A and SK-2 (Harmonic Grease 4B No.2 for the cross %
Output: Circular spline roller bearing). Harmonic Grease 4B No.2 is also available for long-life. The specifications of the grease are described on Page 016. 5
Fixed: Flexspline m Sealing mechanism 8
Output rotational direction: Same rotational direction as the input ® Rotating and sliding area «--ees Qil seal (with a spring). Take care regarding flaws on the shaft. g.
Reduction ratio (i): = e Flange mating face and mating ... O-ring and seal adhesive. distortion on the plane and how the O-ring is engaged. iy
R+1 ©® Screw hole arga -, Use a screw lock agent (LOCKTITE 242 is recommended) or seal tape.
Hollow shaft (2UH) Fig.236-1  Input shaft (2UJ) Fig. 236-2 (Note) If you use Harmonic Greass 4BNo.2, strict sealing is required.
y 2
Fod B o Rust prevention A
. CH — Although Harmonic Drive® gears come with some corrosion protection, the gear can rust if exposed to the environment. The gear external g
. &= Output surfaces typically have only a temporary corrosion inhibitor and some oil applied. If an anti-rust product is needed, please contact us to m
. ' review the options. w
'7 1]
i ®
L2
< (»]
= Installation accuracy g
For peak performance of the gear, it is essential that the following ?;D
== = tolerances be observed when assembly is complete. =
Pay careful attention to the following points and maintain the :g
recommended assembly tolerances. @
Input In addition, perform the appropriate installation according to each series,
i because the torque capacity of SHG series is larger than SHF series.
Input 7 . c:{:’
. q e Warp and deformation on the mounting surface o
. ¢ Blocking of foreign matter {
/ ap e Problems caused by burrs, raised surfaces and location around ;"')
, the tap area of the mounting holes @
dl e [|nsufficient chamfering on the housing mount §
o |[nsufficient radii on the housing mount g
3
(=]
@
m Circular spline fixed Installation and transmission torque =1
Fig. 238-1 =
Input: Wave generator g
Output: Flexspline — —
Fixed: Circular spline Side (A) - Side (A) 5
Output rotational direction: Opposite rotational direction to the input g8
Reduction ratio (i): i= ;
Hollow shaft (2UH) Fig. 236-3  Input shaft (2UJ) Fig. 236-4
= Side (B) Side (B)
- _ —_—— - Jr =
[H] 7 0] !
\ 1 9 H J}E =
b T g// Fixed o e
7/ [ SHG series: (A) Side-installation and Torque Transmission Capacity Table 238-1
&) Size
// }% i 14 17 20 25 45 50 58 65
A
ill Number of balts 8 12 12 12 12 12 18 12 16 16
:Eu:z:: T
Y e | 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
; Ly Nm 24 24 24 54 108 18.4 18.4 44 44 74
< % // Rotational direction torque i ’ i ’ ) ’ )
. Transmission
. = j// so— Nm 128 222 252 516 1069 1813 3098 4163 6272 9546
Input Output




SHF series: (A) Side-installation and Torque Transmission Capacity Table 238-2
b Blee | 14 17 20 25 32 40 a5 50 58
Number of bolts 4 8 12 12 12 12 12 18 12 16
Bolt size M3 M3 M3 M3 M4 M5 M6 M6 M8 M8
Pichcirdle | mm 56.4 64 74 84 102 132 158 180 200 226
g’;’:ﬁ Nm 2.0 2.0 2.0 2.0 45 2.0 15.3 15.3 a7 37
H‘:;"i“i"“ Nm a7 108 186 206 431 892 1509 2578 3489 5236

(Table 238-1, 238-2/Notes)
. The material of the thread must withstand the clamp torque.
. Recommended bolt: JIS B 1176 socket head cap screw / Strength Range: JIS B 1051 12.9 or more
. Torque coefficient: K=0.2
. Clamp coefficient: A=1.4
. Friction coefficient on the surface contacted: p=0.15
Use washers for SHG/SHF-LW.

SMAWN

SHG series: (B) Side-installation and Torque Transmission Capacity Table 239-1
Size
i 14 17 20 25 32 40 45 50 58 65
Number of bolts 8 16 16 16 16 16 12 16 12 16
Bolt size M3 M3 M3 M4 M5 M6 M8 M8 M10 M10
Pitch circle mm 44 54 62 77 100 122 140 154 178 195
Clamp
forque Nm 24 24 24 54 10.8 18.36 44 44 89 89
Io’fé‘::‘i“”“ Nm 88 216 248 520 1080 1867 2914 4274 5927 8658
SHF series: (B) Side-installation and Torque Transmission Capacity Table 239-2
Size
Ham 11 14 17 20 25 32 40 45 50 58
Number of bolts 6 8 16 16 16 16 16 12 16 12
Bolt size M3 M3 M3 M3 M4 M5 M6 M8 M8 M10
Pitch circle mm 37 44 54 62 77 100 122 140 154 178
Clamp
torque Nm 2 20 20 20 4.5 9.0 15.3 37 37 74
Iof:‘:;"‘““’“ Nm 46 72 176 206 431 902 1558 2440 3587 4910

(Table 239-1, 239-2/Notes)

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

. Recommended bolt: JIS B 1176 hexagonal bolt / Strength: JIS B 1051 12.9 or more
. Torque coefficient: K=0.2

. Clamp coefficient A=1.4

. Friction coefficient on the surface contacted: p=0.15

b WN

-45-

Installation Recommendations

m Installation on the periphery of the oil seal
Install an oil seal on the mounting face so that they have a space of at least 1 mm between them to avoid interference with each other.

Fig. 240-1
oz | s -
Oil seal Oil seal
g8 1 N e
| = S
g
«L =
. N I I i A
m Manufacturing for Mating Part and Housing
When the housing interferes with corner “A”, an undercut in the housing is recommended as shown below.
Fig. 240-2
Hollow shaft (2UH) Input shaft (2UJ) Simplicity unit (2S0) Simplicity unit (2SH)
i = T ==l
= —
B [
m—— o g | _/ e |
d —J [ — -l-\
1 = I == __I._____
i i A 1
- A — A A A

Recommended Housing Undercut Sﬁﬁﬁﬁ:
o
Q 0.2
©

\
| L%

0.2

Vertical multi-joint robot
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Outline Dimensions (2UH)

Outline dimensions (2UH)

Fig. 241-1

¢ENhT
$F H7

i

(20H)

tolerances not shown on the drawing.

Shape of input part of size 14, 17

12 equally spaced (8) 20 equally spaced (16)
-M3x5 -M3xB
\
%
e,

L
7

Note 1: See recommended housing undercut on previous page. The dimension tolerances that are not
vary depending on the manufacturing method. Please check the co nfirmation drawing or contact us for dimension

i \ It
o e el
‘@& Note 1 Nate 2

|
Size 11 Size 14 Size 17

* Please refer to the confirmation
drawing for detailed dimensions.

Mass (2UH)

Table 242-1

Unit: kg
Size
Sy 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 28.5
2UH-LW (Lightweight) — 055 0.8 11 18 3.6 6.2 8 11.8 164 233
Moment of Inertia (2UH)
Table 242-2

Dimensions (2UH)

Table 241-1 Unit: mm

Moment of | | x 10~*%gm* 0.080 0.091 0.183 0.404 1.070 2.85 9.28 13.8 252 49.5 94.1
inertia J [ =10 s* 0.093 0.197 0.412 1.090 2.91 9.47 14.1 25.7 50.5 96.0
Starting torque (2U H) See "Engineering data” for a description of terms. Please use as reference values; Table 242-3
the values vary based on use conditions. Unit: Nem
] Size 11 14 17 20 25 a2 40 45 50 58 65
30 — 11 30 43 64 112 — — — — —
50 71 8.8 27 36 56 85 136 165 216 297 —
80 — 7.5 25 33 50 74 117 138 179 244 314
100 5.9 6.9 24 32 49 72 112 131 171 231 297
120 — — 24 31 48 68 110 126 165 223 287
160 — — — 31 47 67 105 122 156 213 276
Backdriving torque (2UH) See "Engineering data” for a description of terms. Please use as reference Table 242-4
values; the values vary based on use conditions. Unit: Nm
5 o 11 14 17 20 25 32 40 45 50 58 65
30 — 5.4 17 23 35 57 — — — — —
50 4.6 53 16 22 34 51 82 99 129 178 —
80 — 7.2 24 31 48 70 112 133 172 234 301
100 7.6 8.2 29 38 59 86 134 158 205 278 356
120 — — 34 45 69 97 158 182 237 322 413
160 — — — 59 90 128 201 233 299 408 530
Continuous Operating Time (ZUH) Continuous operating time Table246-2
The internal temperature rises due to the effect of the oil seal and the Operaling lime Continuous operating Continuous operatin,
supporting bearing used for the input shaft (high-speed rotation side) Size grgssr:%on:?g:?:) i m?m’ﬁafd He
for SHF-2UH. Observe the operating time shown in Table 246-2 for 1 90 60
continuous operation. 14 %0 0
The operating time shown in Table 246-2 is calculated based on the time 17 % 80
required for the temperature inside the unit to rise to 80°C and for the oil = %0 a0
seal temperature to rise to 100°C. Take care not to exceed the temperature 25 m 45
given above in conducting continuous operation. The following review will = 7 =
be necessary if the temperature exceeds the value given above. i r -
Contact us in such an event. i = =
¢ Change of timing to replace lubricant 50 20 20
e Change of lubricant 58 20 15
¢ Measures against lubricant leakage accompanied by the 5 PP 10

pressure rise inside the unit

¢ Measures against deterioration due to heat on the oil seal area

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

* Contact us as the confinuous operating time may vary significantly depending

on the operating condition.

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 cil 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

Symbol Fien 11 14 17 20 25 a2 40 45 50 58 65
¢ AhT 62 70 80 80 110 142 170 190 214 240 276
| SHG/SHF Series 453 54 64 75 90 115 140 160 175 201 221
@ Bl sHG/SHF-LW Serles = 52 62 73 88 115 140 160 168 195 213
gC h7 30.5 36 45 50 60 85 100 120 130 150 160
gD h7 64 74 84 95 115 147 175 195 220 248 284
GE h7 18 20 25 30 38 45 59 64 74 84 96
gF 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 6 7 8 8 9 10 14
| 19 20.5 23 25 26 32 38 42 45 52 56.5
J 15 20 21.5 215 23.5 26.5 33 35 39 44 57.5
K 6.5 6.5 6.5 — — — — — — — —
L 8 9 10 10.5 10.5 12 14 15 16 17 18
M SHG/'SHF 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 42.5
N 6.5 7.5 8.5 7 6 5 7 7 7 7 12
o] 175 217 23.9 255 29.6 36.4 44 47.5 52.5 62.2 72
qP (P) = (2.5 (2.5) 255 33.5 40.5 52 58 67 77 88
Q - 3 3 6 6 6 6 6 6 8 ]
R =3 M3 M3 M3x6 M3x6 M3x6 M4x8 M4x8 M4x8 M4x8 M5x10
® 56.4 64 74 84 102 132 158 180 200 226 258
T 4 8 12 12 12 12 12 18 12 16 16
@ 35 35 35 35 45 5.5 6.6 6.6 9 9 11
o/ 37 44 54 62 77 100 122 140 154 178 195
w 6 12E.A.8 | 20E.A 16 16 16 16 16 12 16 12 16
SHG/SHE Series M3X5 M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 M8x10 MBx11 M10x15 [ M10x15
X ©3.4X4 | ¢3.5%11.5 | @3.5%12 | @3.5%13.5 | p4.5%15.5 | ¢5.5%20.5 | ¢6.6%25 | @9x28 @9x30 @11%35 | @11x425
SHG/SHF.LW Series = M3x5 M3x6 M3x6 M4x7 M5x8 M6x10 M8x10 M8x11 | M10x15 | M10x15
= @3.5%11.5 | @3.5x12 | p3.5x13.5 | @5x155 | @6x20.5 | @7x25 9x27 99x30 | 911x35 | @11x425
o 36 36 45 — — — — — — — —
z 75 55 55 — - = = = = = =
a 680477 | 680477 | 6805277 | 680677 | 680BZZ | 690927 | 691277 | 691322 | 691527 | 6917 2Z | 6920 ZZ
b SHG/SHF Series | 6704 ZZ | 6804 ZZ | 6805277 | 6806 ZZ | 68082ZZ | 680927 | 681277 | 6813ZZ | 68152Z | 6817 2ZZ | 6820 2Z
SHG/SHF-LW Series = 6804 ZZ | 680527 | 6B06ZZ | 6B0BZZ | 680927 | 681277 | 6813 ZZ | 681527 | 6817 ZZ | 6820 ZZ
c D41.950.95| D49585 | D59685 | D69785 | DB4945 | D1101226 | D1321467 | D1521707 | D1681868 | D1832129 | D21623811
d SHG/SHF Series 518274 | 520304.5 | 525356 | S30405 | S38475 | S45607 | S60789 | S658510 | S759510 | $8511012 | $10012513
SHG/SHF-LW Series = S20304.5 | S$25356 | S30405 | S38475 | S45607 | S60789 | S658510 | S759510 | $8511012 | $10012513
g SHG/SHF Series 518274 | S20304.5 | S25356 | S30405 | S38475 | S45555 | S59685 | S59685 | S69785 | SB4945 | 5961128
SHG/SHF-LW Series — 520304.5 | S25356 | S30405 | S3B475 | 545555 | 559685 | S59685 | 569785 | S5B84945 | 5961128
—47=

Tabla 247-1 Fig 247-1
Bearing A Bearing B
\ Maximum Bearing A e O Bearing B
Size Basic dynamic Basic static Basic dynamic Basic static  ® radial load e : — —
Model ratedload ratedload Model ratedload  rated load e ==

CriN) Cor(N) CriND Cor(N) FrCND ';*
14 |6804zz| 4000 2470 |6804ZZ| 4000 2470 27 | 165 | 230 e F
17 |68052Z| 4300 2950 |6805ZZ| 4300 2950 29 | 175 250 =
20 |e8062Z| 4500 3450 [e6806ZZ| 4500 3450 27 | 155 | 2715
25 |6808ZZ| 4900 4350 |6808Zz| 4900 4350 | 205 | 165 | 250
32 |6909zz| 14100 10900 |68097Z| 5350 5250 33 23 770
40 1691277 19400 | 16300 | 681277 11500 10800 (395 | 27.5 | 1060
45 |6913ZZ| 17400 16100 | 6813ZZ| 11800 12100 | 44 | 285 | o00
50 |6915ZZ| 24400 22600 [6815ZZ] 12500 13800 | 49 | 315 | 1370
58 |6917zZ| 32000 29800 |e6817ZZ| 18700 20000 | 562 | 365 | 1720 Fa: Axial load (N) | _b_
65 |8920ZZ| 42500 36500 | 682077 19600 21200 | 67 | 445 | 2300 Fre il ke (H)
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Outline Dimensions (2UJ)

Qutline Dimensions (2U.J)

Fig. 248-1

i
0
a ﬁr . 5% <
S 19-' = b= R=y
A L.
v
. * Notel1.
,° p :c“ M
. 12equalyspaced (8) 20 equaly spaced (16)
" -M3x5 -M3x8
© y L] \ \\
L] e [ ] ’} r KR m '
. T“ { ;_ 2
T ] 7T
(] & ) " & | / & j
U J Sl ‘\“‘#l—t Note 1:
Size 14 Size 17 :‘;e%"mm@""ﬁ undercut on
( ZUJ) m&:ﬂ?ﬂ:ﬂrpm bl :clee:j?:d r:fhe:" ::stltu?\s c.onﬁrmal.ion drawing for
Dimensions (2UJ)
Table 248-1 Unit: mm
Symiol Sice 14 17 20 25 32 40 45 50 58 65
@A KT 70 80 920 110 142 170 190 214 240 276
¢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 12.8 84.5 100 108 121 133 156
G 15 17 21 26 26 31 31 37 37 42
H 205 23 25 26 32 38 42 45 52 56.5
| 15 16 17.5 20.5 26.5 N 35 39 44 575
J 14 16 20 25 25 30 30 35 35 40
K 9 10 10.5 105 12 14 15 16 17 18
L a 8.5 9 8.5 9.5 13 12 12 15 195
M 2.5 3 3 3 B 5 7 7 7 12
N 21.7 23.9 255 296 36.4 44 47.5 52.5 622 72
(0] 1 12 16.5 225 225 27.5 28 33 33 39
P — — 8.2 34 11 84 11 84 13 84 15.5 34 185 44 18.5 84 21 44
Q 0.5 0.5 3 S0z 5 foo 5 Soxn 5 Sox0 6 o 6 Jo0 6 Jo 7 8o
R — —_ 3 8oz 5 fuo 5 Boso 5 Box 6 o0 6 fo0 6 Jos0 8 Boss
S — — M3x6 M5x10 M5x10 M5x10 M6x12 M6x12 M6x12 M8x16
oT 64 74 84 102 132 158 180 200 226 258
U 8 12 12 12 12 12 18 12 16 16
oV 35 35 35 45 55 6.6 6.6 9 9 1
oW 44 54 62 77 100 122 140 154 178 195
X 12E.A.B | 20E.A. 18 16 16 16 16 12 16 12 16
¥ M3x5 M3x6 M3x6 Md4x7 M&5x8 M6x10 M8x10 MB8x11 M10x15 | M10x15
©35%115 | @35%12 | p3.5%135 | pd.5%155 | p55%20.5 | p6.6x25 | ©9x28 | @9x30 | @11x35 | pi1x425
a 6982ZZ | 6900ZZ | 6902 ZZ | 6002 2ZZ | 6004 ZZ | 6006 ZZ | 6206 ZZ | 6207 ZZ | 6208 ZZ | 6209 ZZ
b 695 ZZ 697 ZZ 69827 | 690022 | 6902 2ZZ | 6003 ZZ | 6004 ZZ | 6005 ZZ | 6006 ZZ | 6007 ZZﬁ
c D49585 | D59685 | D69785 | DB84945 | D1101226 | D1321467 | D1521707 | D1681868 | D1932129 | D21623811
d G8184 D10205 | D15255 | D15255 | D20355 | D30457 | D30457 | D35557 | D40607 | D45607
—49-

Mass (2UJ)

Table 249-1
Unit: kg

0.66

Mass (kg)

1.38 2.1 4.4 73 9.8

13.8 18.4 28.5

Moment of Inertia (2UJ)

Table 249-2

0.025

Moment of I | x107kgm* 0.059

0.137 0.320 1.20 341 5.80

9.95 20.5 35.5

inertia *10 *kgims® 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 tenms. Please use
the values vary based on use conditions.

as reference values; Table 249-3

Unit: Nem
Size
30 6.8 11 19 26 83 — — — — —
50 5.7 9.7 14 22 41 72 94 125 178 —
80 4.4 7.2 11 15 29 52 68 88 125 163
100 3.7 6.5 9.9 14 27 47 60 80 113 147
120 — 6.2 9.3 13 24 44 55 74 105 137
160 — — 8.6 12 23 39 50 66 94 122

BaCKd l'IVI ng torque (2UJ) See "Engineering data" for a description of terms. Please use as reference

values; the values vary based on use conditions.

Table 249-4
Unit: Nm

Ratio
30 35 58 10 16 31 — — — — —
50 3.4 5.8 8.4 13 25 43 56 75 107 —_
80 4.2 6.9 10 15 28 50 65 85 120 154
100 45 7.8 12 17 33 56 72 96 135 176
120 — 8.9 13 19 34 63 79 106 151 198
160 — — 17 23 43 75 96 126 181 235

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
Bearing A

Bearing B

Basic dynamic Basic static

reted load  rated load
CriND Cr(N)

Model  rated load

Basic dynamic Basic static

Table 264-1

Fig 255-1

Bearing A

Bearing B

rated load
Cor(N)

14 | 68zz| 2240 910 | 6952z | 1080 3 [ 2] 1 [ 10

17 |80z 2700 1270 | 697z | 1610 M | 25| 2 135 Fa+

20 |6s02zz| 4350 | 2260 | 6oz | 2240 910 [ 265 233 [ 210 —

25 |6002zz 5600 | 2830 |6900ZZ | 2700 120 | 28| 28 | 210

32 |6004ZZ 9400 5000 | 690227 | 4350 260 | % | 277 | 4%

40 |e006zz] 13200 | 8300 |[6003zZ | 6000 250 | 43 | 325 | 680

45 |6206Zz| 19500 | 11300 | 6004ZZ 9400 5000 | 475 345 | 1030

50 |62072z| 25700 | 15300 600522 | 10100 S0 [ | o [ 1m0 || . am

58 |6208zz] 20100 | 17800 | 60062z | 13200 8300 | 625| 40 | 1600 | |- Radial load (N)< ;
65 |6200zz] 32500 | 20500 |e007zz| 16000 | 10300 | 79 | 63 | 1650
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Outline Dimensions(2S0O. 2SH) Disraiane & =
SIZE
S 14 17 20 40 45 50 58 65
@B 14 18 21 26 26 32 32 32 40 48 §_
¢B: — — — — — — 128 141 163 180.4 =
@Bs — — — — — — 27 2.7 2.7 2.7 S
Fig. 255-1 oc | SEndamem| 6 8 9 11 14 14 19 19 22 24 =
Max. dimen. 8 10 13 15 15 20 20 20 25 30 QO
D# SHF Series 28.5 5 3253, 3350 37 4 44 9, 53 3 58 2. 64 95 75.5 5, — o
SHG Series 28.5 3 32.5 54 33.5 8 37 85 44 8 53 8. 58 {s 64 87 755 % 83 &
“ o e omsos oo s Beser o D* E 235 26.5 29 34 42 51 56.5 63 73 81.5
| Range of the flexspline and the culer race af the cross raller baaring. E F* P F* 5 6 45 3 2 2 1.5 1 25 15
O-p P equally 17 22 SUATY. 1 G 2.4 3 3 3.3 386 4 4.5 5 58 6.5
: T St 'J Gtk H 14.1 16 175 | 187 | 234 29 32 34 402 43 2
ofing  co.4 = ¢ I 7 75 85 12 15 18 20 24 27 32 @
o d e J 6 6.5 7.5 10 14 17 19 22 25 29 8
T Co.4 SHF Series 0.4 0.3 0.1 241 25 33 37 4.2 48 = i
L = K*  'sHG series 14 16 15 35 42 5.6 6.3 7 8.2 9.5 é’
= L SHF Series 17.6 84 19.5 84 20.1 84 20.2 51 22 81 275 51 27.9 81 32 8 349 3. — gl
E = SHG Series 18.5 21 20.7 34 21.5 84 21.6 41 23.6 41 29.7 41 30.5 8. 34.8 4 38.3 41 44.6 34 a8
[ o ‘. @M h7 70 80 90 110 142 170 190 214 240 276 3
B E J y coa % F | &8 oM: H7 48 60 70 88 114 140 158 175 203 232 8
33 e2 '31 o o <=2 oN: — - — — — 32 — 32 — 48 2
o o K* i ks o 8 12 12 12 12 12 18 12 16 16 =
\ QP 35 35 35 45 55 6.6 6.6 9 9 1" B
| 9Q 0.25 0.25 0.25 0.25 0.25 03 0.3 05 05 05
= @R 64 74 84 102 132 158 180 200 226 258 5
y - s 2 4 4 4 4 6 6 6 8 8 ==
A Ve == T M3x6 M3x6 M3x 8 M3x 8 Mdx 8 Mdx 10 M4x 8 M5x 12 | M5x 12 | M6x 16 §_2 \
dopthofpict hole | | T2 (angle) 25 15° 15 15° 15° 15° 10 15 125 | 11.25° £
L e e QU 44 54 62 77 100 122 140 154 178 195 i)
V' — — 10.4 12.8 16.3 16.3 21.8 21.8 24.8 27.3 5__';
W Js9 — — 3 4 5 5 6 6 6 8 3
20 oqually spaced (16)-M3x8 (p3.5x6.5) 12 qually spaced (B NS (9 3.558) X 12E.A8 |12EA16| 16 16 18 16 12 16 12 16 8
\ ¢ 90.25 X M3x5 M3x6 M3x6 | M4x7 | M5x8 | M6x 10 | MBx 10 | M8x 11 | M10x 15 | M10x 15 _g
Yi @3.5%6 | 93.5%6.5 | 3.5% 7.5|p 4.5% 10| @ 55% 14 |p 66x 17| 9% 19 | ¢ 9x 22 | @ 11x 25 | @ 11x 29 5
: i Y: 0.25 0.25 0.25 0.25 0.25 0.3 0.5 0.5 05 05 f_:-'i
B | Z 4 4 4 4 4 4 4 8 6 8 =
I - = M g Z M3x6 M3x6 M3x 8 | M3x 10 | M4x 16 | M5x 20 | M5x 20 | M5x 25 | M6x 25 | M6x 30 ®
2'53‘?;1:7’) | T 38 45 53 66 86 106 119 133 154 172
i housing b 1 1 15 1.5 1.5 2 2 2 25 25
—o| el nl [ 31 38 45 56 73 90 101 113 131 150
d 1.7 241 2 2 2 2 2.3 25 2.9 3.5
e D49585 | D59685 | D69785 | DB4945 | D1101226 | D1321467 | D1521707 | D1681868 | D1932129 | D21623811
~~_B f — — — — — —  |d11215d220] S135  |d1157.0d4220] S175
: o (ii :;) ® The following dimensions can be modified to @*The D, F and K values indicate relative position of individual
il accommodate customer-specific requirements. gearing components (wave generator, flexpline, circular
4-M3x6 evenly arranged / (bt to prevent saparation) ) spline). Please strictly adhere to these values when designing
Details of B / {bolt to prevent separation) Wave GerierafRg: your housing and mating parts.
Flexspline :OandP @ Please note that the circular spline face of sizes 14 through 40
Size 14, 17 configuration of Size 17 Size 14 Circular Spline : X1 and X2 does not incorporate an O-ring groove. Please provide
wave generator configuration configuration 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.
Mass (2S0) Tablo 256-2
Note 1: See undercutting the housing on Page 240 for details. Unit: kg
Note 2: For size 14, C0.5.
* Refer to the confirmation drawing for detailed dimensions.
(2S0/2SH) * §ee Flg. 084-2 on Page 084 for the configurations of the wave genersor 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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Outline Dimensions (2SH) Dimensions (2SH) Table 258-1
Unit : mm
Size
P M 14 20 40 45 50 58 65
A hB 50 60 70 85 135 155 170 195 215 =)
— o ?B; — = — - — = 128 141 163 180.4 §
‘Sp_aoed E_EI@Pa—J D% D Di i - [ - [ = o [ = [ _o Z‘To 2.?u 2'70 2‘70 :%
\‘ Qw-@Qz — e C 525 01 585 o1 51.5 -3.1 55.5 &4 65.5 31 79 41 85 31 93 54 106 &+ 128 31 o
\ - Ei—r?—'- - ViVe (V) - SHF 8% | 18% | 957 | 10% | 12% | 8% | 85T | 5% | 16T | 217 =
3 Oring_ [ m_[_ ) SHG 1673 163 9.5 10 129 13°%¢ | 135% | 157 18 21°% )
~= - D: 235 26.5 29 34 42 51 56.5 63 73 81.5 o
= Di% 13 14 13 115 115 15 15 15 17 255
. . E: 24 3 3 3.3 36 4 45 5 58 6.5
= E 14.1 16 17.5 18.7 23.4 29 32 34 40.2 43
e E 7 7.5 8.5 12 16 18 20 24 27 32
=l = @ 2 & F 6 8.5 7.5 10 14 17 19 22 25 29 2
o g <z @G He 48 60 70 88 114 140 158 175 203 232 2}
e & & ®H h6 70 80 20 110 142 170 190 214 240 276 &
= — h 20 a1 21.5 204 19 w01 20 104 29 w01 34 .04 35 .04 39.5 .01 45.3 w1 54.5 04 2
! - = I! 29 =01 21 ‘5 0.1 20 +0.1 22.5 20.1 23.5 0.1 25 201 32.5 101 36 0.1 40.7 01 — £
= H 8 I (12.5) (13.5) (12.5) 13 U “un 17.5) (17.5) (20) — "
/ TeTe aqually spaced depth of pilot hole Nols 1 b Wi - Wz equally spaced Ji 25 2.5 — — — — 8 9 10 14 2
The bolts are factory installed to prevent (bolt fo prevent separation) & i 7 7 6.5 = = 27 (30.5) | (353) | (40.5) 3
< s i, s 12 equally spaced (8)-M3x5 (93.5x6) 20 equally spaced (16)-M3x8 (3.5%6.5) Ja (f 7 7 6.5 = 9.5 9.5 9.5 125 11.5 S
, ' Ja _ — — — — (1.5) (8) ®) (7.5) 11.5) 2
amM3 Ki — = — — 13.9 15.1 15.6 18.6 21.1 23.1 =
/ K: — — = = 19 22 27 27 3.2 3.1 B
/R Wave oL 22 27 32 42 47 62 69 79 90 106
e generator | oLuj6 20 25 30 40 45 60 85 75 85 100 s
! @Ls h9 — — — 38 — 59 59 69 84 96 T
| d oL H7 14 19 21 29 36 46 52 60 70 80 g :
o8 oLs f7 20 25 30 = 45 = = = = = 5
|4-M3 6 equally spaced 4-M3 %6 equally spaced oM: 22 27 32 42 49 65 70 80 91.5 111 w
5 nliona iy s i 1 ;:: 1»: prevent separation) (;-l; h: s separalion] ®M: h7 20 25 30 38 45 59 64 74 84 96 % _.
s Y oMs — - = — 425 57 62 72 815 96.5 .
: . oMs H7 14 19 21 29 36 46 52 60 70 80 8
Configurations Of Wave Generator All Sizes oN: 6 20 25 30 40 45 60 65 75 85 100 _g
c ®N: 14.5 19.5 215 29.5 36.5 46.5 525 60.5 70.5 80.5 =
Al . " e w > Size 20 c o 10 10 10 10 10 12 15 15 15 20 5
S *l s 08 Tolersiios rarge) _ l h k !f k) 0. 225 245 (19.5) 225 (30.5) (35) 35 M 48 54 =
J{Tsm,,,'.w wingey|_ | (8 Tolerance range) J,| | Js 46 Toleranca range) (o} 20 22 22 23 25 32 35 37 43 54 @
co3 |Ro2 | gy R02| CO3 X R0.2 CO4 P 3 3 8 3 [ 6 6 6 8 6
F o T ' . | . P. M3 M3 M3x6 M3x6 M3x6 M4x8 M4x8 M4x8 M4x8 | M5x10
3 == - |% e - L - 1 ZN[L il :'I B 5 oPs - = 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
2z /z; s 4 | d4de z | 5 ‘ ® 38 e Q 8 12 12 12 12 12 18 12 16 16
ol o | o LG 3, O 0Q: 35 35 35 45 55 6.6 6.6 9 9 11
' oQs 0.25 0.25 0.25 0.25 0.25 03 03 05 05 05
— c — c R 64 74 84 102 132 158 180 200 226 258
—_— bk —_— h k2 Ch) oS — — 25.5 33.5 40.5 52 58 67 77 88
Ja Ke [[Ki |, L Ja 7 range) T 2 4 4 4 4 6 6 6 8 8
RO \ T M3x6 M3x6 M3x8 M3x8 M4x8 | Max10 | Mdx10 | M5x12 | M5x12 | M6x16
€04 [Co4) Cos | RO2 Ro2 C04 T: (angle) 225° 15° 15° 15° 15° 15° 10° 15° 11.25° | 11.25°
R - T U 44 54 62 77 100 122 140 154 178 195
5 % £ 51 A e £ Vi 12EA8 |20E.A16| 16 16 16 16 12 16 12 16
5% %3 _lon y =l 5 2=z o |lel | EE 5 Va M3x5 M3x6 M3x6 M4x7 M5x8 | M6x10 | M8x10 | M8x11 | M10x15 | M10x15
%73 zZ| £l 3 32 e Vi 93.5%6 | 03.5%6.5 | p3.5%7.5 | p4.5%10 | ¢5.5%14 | pB.6x17 | 99x19 | @9x22 | ¢11x25 | @11x29
- & Vi 0.25 0.25 0.25 0.25 0.25 0.3 0.5 0.5 0.5 05
Size 40 1o 65 o o O Wi 4 4 4 4 4 4 4 8 6 8
W2 M3x6 M3x6 M3x8 | M3x10 | M4x16 | M5x20 | M5x20 | M5x25 | M6x25 | M6x30
Minimum pa 38 45 53 66 86 106 119 133 154 172
housing b 1 1 15 1.5 15 2 2 2 25 25
R 31 | 38 | 45 | s6 73 0 | 101 | 113 | 131 | 150
d 17 2.1 2 2 2 2 23 25 2.9 35
e D49585 | D59685 | D69785 | DB84945 | D1101226 | D1321467 | D1521707 | D1681868 | D1932120 | D21623811
f — = = = = —  |at121s220] s135 |d11s70d220] 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
= 2] See undercutting the housing on Page 240 for details. clearance should be @a, b, c or more and it should not groove (symbol: f) for sealing. Account for sealing during
s = * Refer to the canfirmation drawing for detailed dimensions. exceed. design and installation.
E:z"'ﬂf;";::ﬁ;'::;r ?ﬁﬂ;ﬁﬁﬁmm ® *The D1 and Ds sizes indicated by an asterisk are the
depends on the size. (* Also see Fig. 084-2 on Page 084.) mounting positions in the shaft direction and allowance of the
three parts (wave generator, flexspline, circular spline). Strictly

observe these tolerances.
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Mass (2SH) Table 250-1 Installation Recommendations

Unit: kg
= 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.

Lubrication Assembly order for basic three elements Fig. 260-2

Standard lubrication for SHG/SHF series is grease.

See "Engineering data" on Page 016 for details of the lubricant. Flexspline/CRB inner ring
Flexspline/CRB outer ring 1

Mass 0.45 0.63 0.89 1.44 3.1 5.4 6.9 10.2 14.1 208

BJEp [B2IUYD8 |

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

Note: Do not assemble
licati id Wave Generator from
Application guide Table 259-1 Diaphram of Flexspline

Flexspline

Cross roller bearing (outerrace) [T 1 Circular spline
+— Thickness of

Apply thin coating of e e [EEW S |
[ grease before installation. -
diameter of wave

generator bearing — L Pack with grease

while slowly rotating -
bearing. Wave generator Wave generator
Fill the inner wall with grease in
i

accordance with the values listed -

(9]
©
(P
o
4
&
=
&
o
©
=
3
=
(0]
=
=
o
@

ko Wave Generator E-(— g:b
* CRB: Cross roller bearing Lo
S
Application quantity c:‘,’;’
Table 259-2 N M

Unit: g = Precautions on assembly @
AenilGi Size 14 17 20 25 32 40 45 50 58 65 It is extremely important to assemble the gear accurately and in ?g'
Horizontal use 5.8 1 18 32 64 120 185 235 385 495 ?Orﬁg:lrnsgeg::ﬁmrf : rmchyot e T sampons; dilizete 8
Vertical| Output shat facing up 7.5 13 19 37 74 130 200 255 400 530 : ’ g
usé | Qutput shaft facing down 8.9 15 22 42 84 150 230 290 480 630 x =1
Wave generator Flexspline 2
1. Avoid applying undue axial force to the wave generator 1. Mounting surfaces need to have adequate flatness, %
(1]

Installation accuracy dm:ing_ insta_llatipr_r. Rotating the wave gaparator bearing smoothness, and no distortion.
while inserting it is recommended and will ease the process.

2. Especially in the area of the screw holes, burrs or foreign

Maintain the recommended tolerances shown in Figure 260-1 and 2. Extra care must be given to ensure that concentricity and matter should not be present.
Table 260-1 for peak performance. Fig. 260-1 inclination are within the specified limits (see page 253). 3. Adequate clearance with the housing is needed to ensure no
3. Installation bolts on the Wave Generator and Flexspline should interference especially with the major axis of flexspline
Y 1T [A] not interfere each other. 4. Bolts should rotate freely when installing through the mounting

holes of the flexspline and should not have any irregularity due

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

matter should not be present.

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

N N\ . . to the shaft bolt holes being misaligned or oblique.
Circular spline ’ ] .
5. Do not tighten the bolts with the specified torque all at once.
The circular Spline must not be deformed in any way during the Tighten the bolts temporarily with about half the specified
\ assembly. It is particularly important that the mounting surfaces torque, and then tighten them to the specified torque. Tighten
are prepared correctly. them in an even, crisscross pattern.
zl 1. Mounting surfaces need to have adequate flatness, 6. The flexspline and circular spline are concentric after
smoothness, and no distortion. assembly. After installing the wave generator bearing, if it
2. Especially in the area of the screw holes, burrs or foreign rotates in unbalanced way, check the mounting for dedoidal or

4. The circular spline should be rotatable within the housing. Be = : s
Eu sure there is not interference and that it does not catch on teeth. .Avmd installing the CS from the open S.Ide of the
anything. flexspline after the wave generator has been installed.
Unit: mm 5. Bolts should not rotate freely when tightening and should not
have any irregularity due to the bolt hole being misaligned or Rust prevention
Size 14 17 20 25 32 40 45 50 58 oblique.

Although Harmonic Drive® gears come with some corrosion

a 0.011 0.015 0.017 0.024 0.026 0.026 0.027 0.028 0.031 6. Do not tighten the bolts with the specified torque all at once. protection, the gear can rust if exposed to the environment. The
b 0.017 0.020 0.020 0.024 0.024 0.024 0.032 0.032 0.032 Tighten the bolts temporarily with about half the specified gear external surfaces typically have only a temporary corrosion
€0.008) (0.010) (0.010) €0.012) (0.012) 0.012) €0.012) (0.015) (0.015) torque, and then tighten them with the specified torque. inhibitor and some oil applied. If an anti-rust product is needed,
0.030 0.034 0.044 0.047 0.047 0.050 0.063 0.066 0.068 Tighten them in an even, crisscross pattern. please contact us to review the options.
& (0.016) (0.018) (0.019) (0.022) (0.022) (0.022) (0.024) (0.030> (0.033) 7. Avoid pinning the circular spline if possible as it can reduce
* The value in the parentheses indicates that Wave Generator does not have an Oldham coupling. the rotational precision and smoothness of operation.
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Features

CSD Gear Units

Available in two form factors, the CSD series gear units offer zero backlash while remaining lightweight and compact.
These units are ideal for humanoid robots, aerospace, semiconductor equipment and many other critical applications.
Ratios available are from 50:1 to 160:1.

Features

m Zero backlash

m Compact design

m Hollow shaft (2UF only)
m High-load capacity

m Lightweight

Structure of CSD Gear Unit

Fig. 210-1
CSD-2UH CSD-2UF
Circular Spline
R Circular Spline
Output flange R’ == T — Output flange 3:1}

B 4 e R
4] :l i — Wave Generator
5 1 =] _//—

Lo

L]

Cross roller
bearing Flexspline

Cross roller

bearing o

57—

Ordering Code
CSD -20-100- 2UH - SP

.
H
H
.

s : i

H . P - H H

\ v \ v T

Special specification
14 50 100 = 2UH= Unit type Blank=Standard product
17 50 100 — (Size 14 to 50) SP = Special specification code
20 50 100 160 2UF= Hollow shaft
csn 25 50 100 160 (Size 14 to 40)

32 50 100 160
40 50 100 160
50 50 100 160

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

Technical Data

Rating table

= CSD-2UH Table 211-2
Rated Torque at Limit for Repeated Limit for Average  Limit for Momentary Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Nm kgfm Nm kgfm Nm kgfm Nm kgfm Grease lubricant Grease lubricant  10:10%gm®)  J(x10kgims )
0.38 24
“ 900 | 54 | 055 | 19 | 198 | 77 | 079 | 35 a.g s i naE | Mo
50 11 1.1 23 2.3 18 19 48 4.
" 900 | 16 | 18 | a7 | 38 | 2r | 28 | 11 | 72 s - B | M
50 17 1.7 39 4.0 24 24 69 7.0
20 100 28 29 57 58 34 35 95 9.7 6500 3500 0.090 0.092
160 28 2.9 64 6.5 34 3.5 95 9.7
50 27 2.8 69 7.0 38 39 127 13
25 100 47 4.8 110 1" 75 76 184 19 5600 3500 0.282 0.288

160 47 4.8 123 13 75 7.6 204 21

50 53 5.4 151 15 75 7.6 268 27
32 100 96 10 233 151 15 420 43 4800 3500 1.09 1.1
160 96 10 261 151 15 445 45

50 96 10 281 137 14 480 49
40 100 185 19 260 27 700 n 4000 3000 285 291

50 172 18 200 247 25 1000 102
50 100 329 34 466 48 1440 147 3500 2500 8.61 8.78

24
27
29
398 41
160 206 21 453 48 318 32 765 78
51
70
84

160 370 38 580 60 1715 175

(Note) Moment of inertia: I= } GD?

m CSD-2UF Table 211-3
Rated Torque at  Limit for Repeated Limit for Average  Limit for Momentary =~ Maximum Input Limit for Average Moment of
2000rpm Peak Torque Torque Peak Torque Speed (rpm) Input Speed (rpm) Inertia
Nm kgfm kgfm Nm kgfm kgfm Grease lubricant Grease lubricant  1(x10%gm®)  Kx10"igims ")
50 3.7 0.38 12 1.2 4.8 0.49 24 2.4
14 8500 3500 0.021 0.021

100 5.4 0.55 19 1.9 7.7 0.79 35 3.6

50 11 1.1 23 23 18 19 48 49
100 16 16 37 3.8 2.8 71 7.2

7300 3500 0.054 0.055

50 17 1.7 39 4.0 24 69 7.0
20 100 28 29 57 58 35 95 9.7 6500 3500 0.090 0.092
160 28 2.9 64 6.5 3.5 95 9.7

50 27 28 69 7.0 39 127 13
25 100 47 48 110 1" 76 184 19 5600 3500 0.282 0.288

a 8|8 8RN

160 47 48 123 13 75 76 204 21
50 53 54 151 15 75 76 268 27

32 100 96 10 233 24 151 15 420 43 4800 3500 1.09 1.1
160 96 10 261 27 151 15 445 45
50 96 10 281 29 137 14 480 49

40 100 185 19 3g8 4 260 27 700 4l 4000 3000 285 29
160 206 21 453 46 316 32 765 78

(Note) Moment of inertia: I= - GD?
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Qutline dimensions CSD-2UH

Fig. 212-1

Outline dimensions CSD-2UF

Fig. 213-1

@ lh7
eH
¢ GH7
QF
@ DH7
QAN

* Please refer to the confirmation drawing for detailed dimensions.
* See Fig. 064-2 on Page 064 for the wave generator form factor

Dimensions CSD-2UF

B
c
E. L. D
=
== EQ!
N
; HE 1L E[E OEZ
= e oye| o ©
= >
=15
==
L ‘ z
* Please refer to the confirmation drawing for detailed dimensions. M
* See Fig. 064-2 on Page 084 for the wave generator form factor
Dimensions CSD-2UH
Table 212-1
Unit : mm
Symbol Size 14 17 20 25 32 40 50
PA h7 55 62 70 85 112 126 157
B 25 26.5 29.7 371 43 51.7 62.5
C 23 245 217 34.1 40 47.7 58.5
D 2 2 2 3 3 4 4
E 0.5 0.5 0.5 0.5 1 1 1
o@F h7 42.5 49.5 73 96 108.5 136
@G H7 11 16 20 24 32 40 50
@H H7 11 11 16 20 30 32 44
ol H7 12 14 18 24 32 36 48
@J 31 38 45 58 78 90 112
¢K h7 55 62 70 85 112 126 157
L 5 5 5 55 55 6 7
M 1.7% 1.7%° 1.7%° 26% 25% 34 3.2%
N 14.8 16.3 18.8 237 306 36.5 443
0 438 5 81 5231 8.3 3: 8.6 41 10.3 44 12.7 4
@P(PCD) 17 21 26 30 40 50 60
@Q(PCD) 49 56 64 79 104 117.5 147
R 6 10 12 18 18 18 22
¢S 34 34 34 34 45 55 6.6
T 4 4 4 4 4 4 4
U M3 M3 M3 M3 M4 M5 M6
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
oY 38 45 53 66 86 106 133
Z 3 3 35 4.5 ] 6.5 7.5
Mass (kg) 0.35 0.46 0.65 1.2 2.4 3.6 6.9

® Due to different manufacturing methods (casting, machining) of components, tolerances also vary. For dimensions without specified tolerances, please

consult our company or authorized agents for the tolerance range

—59-—

Table 213-1
Unit : mm
Symbol Size 14 17 20 ] 32 40
QA h7 70 80 90 110 142 170
B 22 227 26.8 315 37 45
& 0.5 0.5 23 2.1 2.8 6.5
@D H7 48 56 64 80 106 132
@E H7 11 15 20 24 32 40
oF 9 9 18 22 29 37
@G H7 30 34 40 52 70 80
oH 49 59 69 84 110 132
@l h7 70 80 90 110 142 170
J 49 54 48 55 6 7
K 2.5 25 25 3 3 3
L 12.9 134 16.8 195 22 27
M 28% 28% 2.8% 34 35% 36%?
N TRT 53] 5.2 % 6.3 3 863 10.3 3
@O(PCD) 17 21 26 30 40 50
P 4 4 4 4 4 4
Q M3 M3 M3 M3 M4 M5
@R(PCD) 64 74 84 102 132 158
S 8 8 8 10 10 10
9T 34 3.4 3.4 45 55 6.6
QU(PCD) 42 50 60 73 96 116
v 8 10 8 8 8 12
w M3x5 M3x6 M4x8 M5x8 M6x10 M6x10
X 34.5%0.80 38.0x1.50 548 S60 $80 $100
Y 49.0%1.50 59.4x1.20 S70 sS85 5115 $140
oZ 38 45 53 66 86 106
Mass (kg) 0.50 0.66 0.94 17 3.3 5.7
ST (Hi, NMINT ) FE, ASOFEER, XTEETIEASNRY, METRASER, SENFATHSUNERS,
Positional accuracy S —
Table 214-1
Postional %10 rad 44 4.4 2.9 2.9 2.9 2.9 2.9
Accuracy arc min 15 15 1.0 1.0 1.0 1.0 1.0
Hysteresis loss _ JSemrepsesmpesmmpa
Table 214-2
Rato Uit Size 14 17 20 25 32 40 50
x10” rad 7.3 44 4.4 44 44 44 4.4
- arc i 25 15 15 15 1.5 1.5 15
100 or x10* rad 58 29 29 29 29 2.9 29
Ly arc min 20 1.0 1.0 1.0 1.0 1.0 10
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Torsional stiffness See "Engineering data” for a description of terms.

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 fo 034 of "Engineering data”

for each calculation formula.
= Checking procedure

(1) Checking the maximum moment load (Mmax)

|Clhllhh!r-ﬂmmrrnmiud(llm. MMMWMMMSHMWM)

(2) Checking the life

|mmummmmmmwmmmm. M

Calculate the radial load cosfficient (x) and the axial load
coefficient (y).

»{mmumﬁ

(3) Checking the static safety coefficient

|f“‘ Jlate the static equival Amnmmm(m.m Check the static safety coefficient. (fs)

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

= CSD-2UH
Pitch circle dia.
of a roller

Offset
R
m

x102N

Basic rated load
Basic dynamic rated load C Basic static rated load Co

kgf

*102N

kgf

Allowable moment load Mc

Nm

Moment stiffness Km Allowable axial
load Fa

x10*
Nm / rad

kgfm

/ arc-min

x102N

Table 220-1

Allowable
radial load Fr

x102N

Table 214-3

Hem Unit Size 14 17 20 25 32 40 50
” Nm 2.0 3.9 7.0 14 29 54 108

kgfm 0.2 0.4 0.7 1.4 3.0 55 1
- Nm 6.9 12 25 48 108 196 382

kgfm 0.7 1.2 25 49 1 20 39

<, | 10° Nmirad 0.29 0.67 1.1 20 47 8.8 17

kgfm/arc min 0.085 0.2 0.32 0.6 14 26 5.0

< | x10° Nmirad 0.37 0.88 1.3 2.7 6.1 11 21

kgfmiare min 0.11 0.26 0.4 08 1.8 34 6.3

Reduction | .. %10* Nm/rad 0.47 12 20 37 8.4 15 30
ratio kgfmvarc min 0.14 0.34 0.6 1.1 25 45 9.0
- - x10* rad 6.9 5.8 6.4 7.0 6.2 6.1 6.4

arc min 24 20 | 22 24 21 2.1 22 N

- *10* rad 19 14 19 18 18 18 18

arc min 6.4 46 6.6 6.1 6.1 59 6.2

< | x10° Nmrad 0.4 0.84 13 2.7 6.1 1 21
kgfm/arc min 0.12 0.25 0.4 08 18 32 6.3

s | *10" Nmirad 0.44 0.94 1.7 37 7.8 14 29
kgfm/arc min 0.13 0.28 0.5 1.1 23 42 85

Reduction | ., | 10" Nmirad 0.61 1.3 25 4.7 11 20 a7
ratio kgfm/are min 0.18 0.39 0.75 14 33 58 1
190ov o % *10* rad 50 46 54 5.2 48 49 5.1
aroin 17 16 18 1.8 1.7 17 17

= x10* rad 16 13 15 13 14 14 13

arc min 5.4 43 5.0 45 48 48 46

* The values in this table are reference values. The minimum value is approximately B0% of the displayed value.

14 0.035 0.0095 47 480 60.7 620 41 4.2 4.38 1.3 10.1 6.74
17 0.0425 0.0099 529 540 75.5 770 64 8.5 7.75 23 113 7.58
20 0.050 0.0102 57.8 590 90 [ 920 91 9.3 128 3.8 12.4 8.28
25 0.062 0.0130 86.0 980 151 1540 156 16 242 7.2 20.5 138
32 0.080 0.0144 150 1530 250 2550 313 32 53.9 16 321 215
40 0.096 0.0151 213 2170 365 3720 450 46 a1 27 45.6 3.05
50 0.119 0.0192 348 3550 602 6140 759 77 171 51 74.4 4,99
m CSD-2UF Table 220-2
Fitch cindo e, Basic rated load Allowable momentloadMc  Moment stiffness Km  Allowable axial  Allowable
Basic dynamic rated load C  Basic static rated load Co x10* kgfm loadFa  radial load Fr
»102N kef *10°N kgf LT SEE Nm /rad 7 arc-min *102N x10°N
14 0.050 0.0118 57.8 590 a0 920 91 93 12.8 3.8 12.4 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 146 1490 220 2250 187 191 25.2 7.5 31.2 209
25 0.085 0.0134 218 2230 358 3660 258 26.3 39.2 11.6 46.6 31.2
32 0.111 0.0168 382 3900 654 | 6680 580 59.1 100 29.6 81.7 54.7
40 0.133 0.0215 433 4410 816 | 8330 849 86.6 179 53.2 92.6 62.0
(Note)

Starting torque See "Engineering data” for a description of terms. The values In the table below vary depending on the use conditions,
use them as reference values.
m CSD-2UH Table 214-4 Unit: Nem m CSD-2UF Table 214-5 Unit: Nem
Ratio SiZe 14 17 20 25 32 40 50 Ratio 52 14 17 20 25 32 40
50 44 6.7 8.9 16 32 55 102 50 5.3 75 9.7 17 34 58
100 28 38 5.1 9.1 20 32 60 100 32 4.2 5.5 96 21 33
160 o el 3.9 7.2 15 26 47 160 e o 41 74 16 27
Backdriving torque See "Engineering data" for a description of terms. The values In the table below vary depending on
the use conditions, use them as reference values.
s CSD-2UH Table 215-1 Unit: Nm
Ratio Size 14 17 20 25 32 40 50
50 29 4.3 5.2 95 19 a3 61
100 35 46 | 6.0 11 23 38 7
160 e it [ 74 13 30 48 89
m CSD-2UF Table 215-2 Unit: Nm
Ratio Size 14 17 20 25 32 40
50 33 4.7 56 10 20 34
100 39 | 5.0 64 1 24 39
160 v 4 ‘ = 78 14 31 49
Ratcheting torque See "Engineering data” for a description of terms.
Table 215-3 Unit: Nm
; Sine 14 17 20 25 32 40 50
Ratio
50 88 150 220 450 980 1800 3700
100 84 160 260 500 1000 2100 4100
160 — — 220 450 980 1800 3600
Buckling torque See "Engineering data” for a description of terms.
Table 2154 Unit: Nm
Size 14 17 20 25 32 40 50
Total reduction ratio 180 330 560 1000 2200 4300 8000
81—

* The basic dynamic rated load means a certain static radial lo ad 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/mm2) 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.

* Allowable moment load s the maximum moment load that may be applied to the output shaft. Please adhere to these values for optimum perfermance.
The value of the moment stiffness is 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=Omm)

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
o 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
® CSD-2UF f 1
Symbol Size 14 17 20 25 32 40
a 0.010 0.010 0.010 0.015 0.015 0.015
b 0.010 0.010 0.010 0.010 0.013 0.013
c 0.010 0.010 0.010 0.010 0.013 0.013
d 0.010 0.010 0.010 0.010 0.013 0.013
e 0.031 0.031 0.031 0.041 0.047 0.047
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Design Guide
Installation and transmission torque

Fig. 223-1
CSD-2UH CSD-2UF
Case side
Output flange side
(D .
w”:[.] -
3} -
L 2= o _Case side
Output flange side /
m Installation on output flange side and resuiting transmission torque
m CSD-2UH Table 223-1
itim 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 8 ! 10 8 8 8 12
Bolt size M3 | M3 M4 M5 M6 M6
Pitch circle mm 42 ' 50 60 73 96 116
Bolt tightening torque | Nm 24 24 54 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
m CSD-2UH Table 223-3
T Size 14 17 20 25 32 40 50
Number of bolts ] 10 12 18 18 18 22
Bolt size M3 M3 M3 M3 M4 M5 M6
Pitch circle mm 49 56 64 79 104 175 147
Bolt tightening torque | Nm 24 24 24 24 5.4 10.8 18.4
Torque transmission Nm 43 82 112 207 461 833 1804
capacity (bolt only)
m CSD-2UF Table 223-4
o Size 14 17 20 25 32 40
Number of bolts 6 | 8 8 10 10 10
Bolt size M3 | M3 M3 M4 M5 M6
Pitch circle mm 64 ' 74 84 102 132 158
Bolt tightening torque | Nm 24 24 24 54 10.8 18.4
Torque transmission Nm 80 123 140 359 743 1259
capacity (bolt only)

(Table 223-1 to 223-4/Notes)

The material of the thread must withstand the clamp torque.

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

Clamp coefficient: A=1.4

. Tightening friction coefficlent u=0.15

Sl R
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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 nn
Case mating face
L] a [A]
A
ki
B, .
ECE
B =ciNens 3
1w 5] |
L[ b [A] L] b [A]
Wave generator Wave generator
mounting face mounting face
Ol o [A] ©] o [A]
Recommended shaft Recommended shaft
tolerance h8 tolerance h8
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
pc 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 0012 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 i ‘)
the products are shipped with the grease applied. Ol ol a
See table below for recommended housing dimensions. These
dimensions must be maintained to prevent damage to the gear - ’
and to maintain a proper grease cavity. ===z
\ 0
m Recommended housing dimensions s Nk |:—I—l i —
Size 0
Symbol 14 1" 20 25 32 40 50 " EQ! :Q!
a* 1 1 1.5 1.5 2 2.5 3.5 :I |
a" 3 3 45 45 6 7.5 10.5 2 g
Qb 16 26 30 37 37 45 45
* For the wave generator facing downward

** For the wave generator facing upward

Sealing area and the recommended sealing method for the unit type
The following sealing mechanism Is required to prevent grease JEbi 25553

leakage and maintain the high durability of the gear. Area requiring sealing ggg-u;rgn;ngqggg
* Rotating Parts «voesinrienes Qil seal (with a spring). Pass-through hole in the center
Surface should be smooth (no scratches) of the output flange and the Use L?c-tring (supplied with the
« Mating flange ... O-ring and seal adhesive. Output | output flange mating face product)
Take care regarding distortion on the plane side Mounting screw area Screw lock agent with sealing effect

and how the O-ring is engaged. (Locktite 242 is recommended)

» Screw hole area........ceueu Screws should have a thread lock (Locktite — Flange mating face Use O-ring (supplied with the product)
242 is recommended) or seal adhesive. Plassa salict & rbtoewhild B

side | Motor output shaft ol ssaion e oulgutsal,

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

Elep [BIlUYda |
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Features Ordering Code

SHD series 2
Axially compact, these gear units feature a large hollow input shaft SHD P 20 - 1 OO . 2SH - SP g
and a robust cross roller bearing so loads can be mounted directly = 3
to the unit without the need for additional support bearings 8
Features of SHD series g . . . &
m Zero Backlash H f PRE—— 3
m Ultra-flat design - 15% thinner than the SHF Series | 4  J | | S N
m Large Hollow Input Shaft
Speclal specificatict
= Accuracy <1 arc-min (most sizes) ezt i
= Rigid cross roller output bearing :; 2 m = W= Lightweight
= Lightweight - 30% lower weight than Standard SHF Series 20 — 00 —- 2SH = Simplicity Unit SP=  Special specification
& code
i 25 50 100 160 AU e ok Blank=Standard product
32 50 100 160
40 50 100 160

*1 The reduction ratio value is based on the following configuration:
Input: wave generator, fixed: circular spline, output: flexspline
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Structure of SHD gear unit Fig. 268-1 Shaft thickness Fig. 268-2
CRB CRB outer ring i
Circular spline '[ i TeChnlcaI Data
N N 1
: (CRB inner ring) ; 1 c:r:>
[ Rating table ©
2 ! - Table 270-1 @
Wave generator pr i ol
" > Limit for Average  Lamlt for Momentary  Maximum Input Lirnit for Average Momant of oW
mﬁ:;‘e (Input) SHF series (2S0) Torque Poak Torgue Speed (mm) Input Speed (rpm) Inortia o
(1]
1 J G
% Nm kgim kgfm Grease lubricant (Greasa lubricant ogn' | it g
N
N 50 | 37 | 038 12 | 48 | 049 2
" 10| 54 | 055 | 19 | 19 | 77 | 079 | 35 | 36 o i Gl | DR ?B
Baitto preit = 50 | 11 11 23 | 23 | 18 19 | 48 | 49 - =
separation o 17 100 16 1.6 14 3.8 27 28 71 7.2 il HORs- | Co5h g
u SHD series 50 17 1T 39 4.0 24 24 69 7.0 @
* CRB: Cruss rolier bearing 20 100 28 29 57 5.8 34 35 95 10 6500 3500 0.080 | 0.092
T 160 2_8 29 64 6.5 34 3.5 95 10 o
50 27 28 69 7.0 38 3.9 127 13 W
Appiication example, SHD serles Fig. 269-1 25 100 47 48 110 1 75 7.6 184 19 5600 3500 0.282 | 0.288 =
. 160 47 4.8 123 13 75 7.6 204 21 %
50 | 53 54 | 151 15 75 76 | 268 | 27 >
SCARA robot w
i e 32 100 96 10 233 24 151 15 420 43 4800 3500 1.09 1.1

SHD is ideal when space is limited. 180 o8 10 261 27 151 15 45 5 g
50 96 10 281 29 137 14 480 49 '8
o oTh 40 100 [ 185 19 398 41 260 27 700 71 4000 3000 2.85 291 (=D
2068 3
=
)
(0]

pamy P :
u = S =E i 160 21 | 453 | 46 | 316 | 32 | 765 | 78
oL | 1T (Note) 1. Moment of Inerta: I=_}-GD
|

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

r ~ I k “I "
el rﬁ-l}tfi;z L {”_
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Outline Dimensions SHD-2SH

Table 273-1
Unit: X10™rad (arc-min)

Positional Accuracy (P ———

Fig. 270-1
_i
: 2
E_ | E =)
E Usable pliot length . o
f (mm\ g (seal) WEICIEEEN DR < .+ cincering data® for a description of ferms. o
. € (o-ring provided) = g
\ i : 14 17 20 25 a2 o
R , - *10-"rad 7.3 5.8 5.8 5.8 5.8 5.8
d H o arc min 25 20 20 20 2.0 20
100 or *10™*rad 5.8 29 29 29 29 29
5 =2 | B more arc min 2.0 1.0 1.0 1.0 1.0 1.0
¥ x T B P
ix|| Hex 8l 8 : ; @
SN Torsional Stiffness P — S
%‘_ Table 273-3 4
. k S 14 17 20 25 32 40 &
co.3 o
iy - Nm 2.0 39 7.0 14 29 54 2
PeP: length Py il A Kfm 02 0.4 0.7 14 30 55 g
Note 1: b % Nm 6.9 12 25 48 108 196 3
See undercutting the housing on Page 240 for details. kgfm 0.7 1.2 2.5 49 : 1 20 S
* Please refer to the confimnation drawing for detailed dimensions. *10Nmirad 0.29 0.67 11 2.0 47 8.8 o
B i aninkalbie. st el i K | twomin 0.085 0.2 0.32 06 14 26 =
K, | "1ONrad 0.37 0.88 1.3 27 6.1 1 B
Table 271-1 Unit : mm I?go K *10'Nm/rad 0.47 1.2 2.0 3.7 B.4 15 -
Size 7 T o L2 7 “ Kghmiare min 0.14 0.34 0.6 1.1 25 45 ¥
Symbol *10*rad 6.9 5.8 6.4 7.0 6.2 6.1 @
@A hB 49 Son 59 o o 84 Sz 110 2oz 132 Sas aro min 24 20 22 23 21 21 g:’
@B, 39.1% 487 56.8%" 70.5%" A 11247 x10-*rad 19 14 19 18 18 18 ol
B, 0.8%" 119 14%* 174" 29 22" 6. = 64 48 63 8. 6.1 59 [92)
9C HT 1y 159 20t " = 409 R e e =5 5 T = -
.l e . A [12]
D 17.5 101 18.5 201 19 w1 22 sa4 27.9 s 33 s04 K w
kgfmyare min 0.12 0.25 0.4 0.8 1.8 32
E 165 16.5 17 20 236 28 8
E, 2 2 2 5 43 5 o | 0.44 0.94 1.7 37 7.8 14 3
F Ratio kgm/arc min 0.13 0.28 0.5 1.1 23 42 =
24 3 3 33 38 4 Besd 8
G* 1.8 18 12 0.4 0.8 0.8 more | ¢, | ='TNmird 0.61 13 25 47 1 20 2
H 45 5.3 528 6.35 54 8.6 51 10.3 & kgfm/arc min 0.18 0.39 0.75 1.4 3.3 58 5
1% 15.7 32 16.9 52 178 % 2163 273 3% 3223, o x10™rad 5.0 46 54 5.2 48 49 5
QJh7 70 S 80 Sow 80 Sow 110 Sus 142 Lon 170 Lo arc min 17 16 1.8 18 17 17 &
QK H? 560%™ 861%™ 718 88%"™ 114%™ 1408 *107rad 16 13 15 13 14 14
L 8 12 12 12 12 12 B pryes 54 43 50 45 48 48 o
:: 03.'255 :-'255 :‘255 04-'255 :_'255 g': * The valuss in this table we eference values. The minimum value is gpproxdmataly B0% of the displayed velue. cc!g
90 64 74 84 102 132 158 S . . W
P, 2 2 2 4 4 4 Simplicity unit (2SH) Starting torque Table 274-1 2
P, M3 M3 M3 M3 M4 M4 See "Engineering data” for a description of terms. The values are reference values. Unit: Nem 8
P, 6 6 6 8 10 10 Sirn Q
P, 25 15° 15° 15° 15° 15° Rutio | iy bl i 25 - u g
9Q 17 21 26 30 40 50 50 6.2 19 25 39 60 95 g
R 4 4 4 4 4 4 100 4.8 17 22 34 50 78 =
R M3 M3 M3 M3 M4 M5 160 = — 22 33 47 74 °
@S 0.25 0.25 025 0.25 0.25 0.25 =
T 43 52 614 76 99 120 T . =
& 8 12 12 12 12 12 Simplicity unit (2SH) Backdriving torque . 'Il‘JaMI: 2':4-3 ®
U, M3 M3 M3 M4 M5 Mé Ses Eng : I S
v 45 45 45 6 8 8 %
oW 025 0.25 0.25 0.25 0.25 03
X co.4 co.4 co.5 co.5 C0.5 Co0.5 150% :; ;: ;g E‘: :g g: o
%, C0.4 co4 co.5 co5 co0.5 co.5 g:
z, 3 68.1%" 78% 94.8% 123¢" 1487 L. = = - o 4| 148 _
Z z¥ 2% 278" 249" 278" 2.7%% §
—. :’ 3:"5 ‘15 152 :‘“5 3: ‘2‘? | Ratcheting torque Sae "Enginesring data” for a description of terms. —— ‘
housing 5 - Unit: Nm
9c 31 38 45 56 73 90 =
d 14 18 1.7 1.8 18 1.8 ks 14 17 20 25 a2 40
e d37.1d0.6 d45.4d0.8 d53.28d0.99 d66.5d1.3 d87.5d1.5 d107.5d1.6 50 88 150 220 450 980 1800 3
f d54.38d1.19 d64.0d1.5 d72.0d2.0 d88.62d1.78 d117.0d2.0 d142d2.0 100 84 180 260 500 1000 2100 =
] D49585 D59685 D69785 D84845 D1101226 D1321467 = == :
h 1.5 15 15 15 3.3 4 % = A5 L . §
Mass (kg) 0.33 0.42 052 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 shaft direction and Buckling torque See "Engineering data’ for a description of terms. Tabia 2748
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. Size 14 17 20 25 3z 40
Flexspline: ~ Oand P @ As the flexspline is subject to elastic deformation, the inner wall should be @a, b, ¢ or more and Total raduction ratio 130 260 470 850 1800 3600

Circular Spline: X 1and Xz it should not exceed @d to prevent possible contact with the housing.
~BF= —68-



Design Guide

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

support the external load (output flange). Installation accuracy

_|
i i " @
i tl:|e —— m?ment i m.e IR NN TR » For peak performance of the gear, it is essential that the following 5
and static safety coefficient to fully bring out the performance of the unit type. tolerances be observed when assembly is complete. ?,
See page 030 to 034 of "Engineering data" for each calculation formula. Pay careful attention to the following points and maintain the o)
recommended assembly tolerances to avoid grease leakage. 8_
m Checking procedure e Warp and deformation on the mounting surface ot
e Blocking of foreign matter
(1) Checking the maximum moment load (M max) e Problems caused by burrs, raised surfaces and location around
the tap area of the mounting holes
| Calculate the maximum moment load (Mmax). M Maximum moment load (Mmax) = allowable moment (Mc) e |nsufficient chamfering on the housing mount

e Insufficient radii on the housing mount
{2) Checking the life

Q
w
&
|m“hmmm‘mmmmm“mm). b\ Wﬁsﬁ&m&lmmmm-\d the axial load »Imum Recommended tolerances for assembly Fig. 281-1 c—ﬁ
coefficient (y). ] w
)
(3) Checking the static safety coefficient Case mating face 8
(%)
|0deuhbuushﬁ=squivdmtrndidbadwdﬁdlmt(h). M Check the static safety coefficient. (fs) g
Recommended shaft . - =
tolerance H6 or h6é S
.
=
m Output bearing specifications _| ] 3
The specifications of the cross roller are shown in Table 280-1. =
qbAL7 [ P
Specifications Table 280-1 %= = ©
Basic rated load Allowsbla Moment stiffness Km =t %
Basic dynamic raied load Basic static rated lcad momant load Mo = g,
c =10" Nmyrad kgi'm/arc min | = g gc ‘B =
“1'N ~10°N : i B ot 7]
14 0.0503 298 ] 7.08 2.1 ! g 2 _\_l 8
17 0.061 0.0115 52 530 81 826 62 63 127 38 | HF| HE =5 |_ ] 3
20 0.070 0.011 73 744 110 1122 93 9.5 21 6.2 %
25 0.086 0.0121 109 1111 179 1825 129 13.2 31 92 =l =
32 0.112 0.0173 191 1948 327 3334 290 296 82.1 24.4 _l g
40 0.133 0.0195 216 2203 408 4160 424 43.2 145 43.0 e oo [
(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. L= [a] - @
* The value of the moment stiffness Is the average value. Flexspline mounting face Wave generator mounting face prd
* As the life of tha cross roller bearing of the unit of the reductiondatic comeiponding to the table below (Table 280-2) Is shorter than that ™ of the gaar during operation under the c:D
allowable moment load, consideration should be made in designing theload condition and the [fetime. 4— g
Recommended shaft 8
tolerance h6 | 3
(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). (=D
Table 281-1 E
Recommended lolerances for assembly Unit mm 3
8 Siza 14 40
a 0.016 i 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 0.019 0.022 0.022 0.024
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Installation and transmission torque

Installation and ransmission torque on (A) side Table 282-2
Size :

itam 14 17 20 25 32 40
Number of bolts 8 12 12 12 12 12

Bolt size M3 M3 M3 M4 M5 M6

';'I?‘ Circle| 64 74 84 102 132 158

Clamp Nm 20 20 2.0 45 9.0 153

torque

Transmission| 108 186 210 431 892 1509

torque

(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. Tightening coefficient: A=1.4
5. Tightening friction coefficient u=0.15

Installation and transmission torque on (B) side Table 282-3
Size
Number of bolts 8 12 12 12 12 12
Bolt size M3 M3 M3 M4 M5 M6
Pitch Circle
14 1
Diarriater mm 43 52 6 76 99 20
Effective depth | 45 45 45 6 8 9
of screw part
Clamp Nm 2.0 2.0 2.0 45 9.0 153
torque
Tronamieslon | gy 72 130 154 321 668 1148
torque

(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. Tightening coefficient: A=1.4
5. Tightening friction coefficient p =0.15

* Since the flange matarial on the case side is AL (aluminum), be sure to lightan the bolt to the specified torque as described above
If the tightening lorque exceeds the above vaiue, the comect transmission forque.may not be secured or the bolt may be loosened
Use washers instead of putling the aluminum directly on the boit-bearing sutiace when tightening with the boll from the A side

Recessing of the mounting pilot

When the housing interferes with corner “A” shown below, an
undercut in the housing is recommended.

Mounting pilot Fig. 283-1 Recommended housing undarcut Fig. 283-2

~71=

Output part and fixed part w216-1

The output part of SHD series varies from the fixed position. e

In addition, the reduction ratio and direction of rotation also change, Chroular sk

and the relationship is shown in the following figure /
=

22161 Flexspline %

Fixed part Outputpart | Rotary direction and ratio \
Flexspline Circular spline @ on page 9 /
Circular spline Flexspline @ on page 9

Standard lubrication for SHD series is grease lubrication.
See "Engineering data" on Page 016 for detalls of the lubricant .

Recommended minimum housing clearance

These dimensions must be maintained to prevent damage to the

Recommended minimum housing clearance Fig. 283-4
gear and to maintain a proper grease cavity.

Maximum Length for Installation
(Internal diameter is

used for attachment)
2 " Table 283-5
Minimum housing clearance Unit: mm
Size
Symbol 14 17 20 25 a2 40
Qa 36.5 45 53 66 86 106
b 1(3) 1(3) |1.5(4.5) | 1.5(4.5) | 2(8) |2.5(7.5)
Qc 31 38 45 56 73 90
d 1.4 1.8 1.7 1.8 1.8 1.8
e 1.5 1.5 1.5 1.5 3.3 4

{(Note) The value in parenthesis is the value when the wave generator is facing upward.

Application guide
As the SHD series is shipped with the outer race of the cross roller bearing and the flexspline temporarily bolted together, grease is applied to the gear
teeth, the periphery of the flexspline and the tooth groove of the circular spline. Refer to the following application guide for grease application instructions.

Application guide Table 284-1
Cross roller bearing (outer race)
i,
7 Shoularaplios Wave Generator
0 .

L /7 Apply thin coating of

—_E grease before installation
Ay ] Thickness of diameter of ﬁﬁ
Flexspline .~ ‘{ wave generator bearing =)

— rease to inner — i between
S o ey
below
Application quantity Table 284-1
Unit: g
Size 14 17 20 25 32 40
Application gty 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 damage or improper eccentric gear
mesh may result. Installation resulting in an eccentric tooth mesh (Dedoidal) will cause noise
and vibration, and can lead to early failure of the gear. For proper function, the teeth of the
flexspline and Circular Spline mesh symmetrically.

Assembly order for basic three elements Fig. 285-1

e —
I
1

t—

Wave generator = . Wave generator
Circular spline (Note)
Flexspline Do not build in the wave generator from
Cross roller bearing the diaphragm side of flexspline.

m Precautions on assembly

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

Wave generator Flexspline

1. Avoid applying undue axial force to the wave generator 1. Mounting surfaces need fo have adequate flatness,
during installation. Rotating the wave generator bearing smoothness, and no distortion.
while inserting it is recommended and will ease the process. 2. Especially in the area of the screw holes, burrs or foreign

2. Extra care must be given to ensure that concentricity and matter should not be present.
inclination are within the specified limits (see page 281). 3. Adequate clearance with the housing is needed to ensure no

3. Installation bolts on the Wave Generator and Flexspline should interference especially with the major axis of flexspline
not interfere each other. 4. Bolts should rotate freely when installing through the mounting

holes of the flexspline and should not have any irregularity due

Circular spline 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.

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

assembly. It is particularly important that the mounting surfaces

are prepared comectly.

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 . Reanling toath .
sure there is not interference and that it does not catch on m hAt:iong T‘:igﬁfn:f l::ae cs f“:;em op:ﬂgﬁm:;at:‘:plme

anything. flexspline after the wave generator has been installed.
5. Bolts should not rotate freely when tightening and should not

have any irregularity due to the bolt hole being misaligned or .
oblique. Rust prevention

6. Do not tighten the bolts with the specified torque all at once. Although Harmonic Drive® gears come with some corrosion
Tighten the bolts temporarily with about half the specified protection, the gear can rust if exposed to the environment. The
torque, and then tighten them with the specified torque. gear external surfaces typically have only a temporary corrosion
Tighten them in an even, crisscross pattern. inhibitor and some oil applied. If an anti-rust product is needed,

7. Avoid pinning the circular spline if possible as it can reduce piease contact us to review the options.
the rotational precision and smoothness of operation.
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Major Applications of Our Products
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Crating and Packaging Machines

Humanoid Robots

Semiconductor Manufacturing Systems

&

Paper—making Machines Flat Pane! Display Manufacturing Systems Printed Circuit Board Manufacturing Machines Aircraft Technology
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