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Studies of Influences of Geometrical Errors to Final Performances
in Small Backlash Planetary Gears
(Relations Among Position Deviations of Planet Gears,
Target of Backlash and Non-Working Flank Load)
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Reductions of meshing and bearing clearances are requisite in design and production of small
backlash planetary gears. In this case, however, there is a risk of losing proper load distribution to
each planet gears, which has risk of occurrence of non-working flank load. The state of non-working
flank load increases unnecessarily working flank load and gives some undesirable influences on
reliability of planetary gears. To solve this problem, this paper aims to analyze quantitatively about
relations between the load distribution and position deviations of planet gears. These deviations are
considered to be most influential to the problem in reality. About one type of the device with 4 planet
gears, 20 kinds of combination pattern of the position deviations are selected out, and the influences
of backlash, reduction ratio and gear module to the above relations are clarified. Consequently,
allowable position deviations to avoid the state of non-working flank load are found out for various
conditions and useful materials for design are obtained.

Key Words: Planetary Gear, Small Backlash, Non-Working Flank Load, Position Deviations of
Planet Gears, Simulation
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Fig.1 Construction of small backlash planetary gear
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Internal gear

C: Position deviations of planet shafts
A: Rotary component
B: Radial component

Fig.2 Diagram of model
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Fig.3 Patterns of position deviations of planet gears
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Fig.4 Patterns of position deviations of planet gears
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Table 1 Specification of planetary gear —e— Planet 1
Base radius Sun R, 7.048mm —— Planet 2 ) )
Planet R, | 10.572mm —&—Planet3 ~ leadtoraue; SN
Number of teeth |Sun Z, 20 6 »— Planet 4
Planet Z, 30 g 4
Internal Z; 80 Z 2
Module m 0.75 o 0
Tooth depth h 1.751mm =3
Face width b 12.5mm 5
Pressure angle a, 21.978deg e
Center distance a (=R,) 19.000mm
Reduction ratio i 5 0 5 10 15 20
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Rotation angle of carrier 0-27 rad

Fig. 5 Example of torques on planet gears

vs. rotation angle of carrier
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Fig.6 Influence of position deviations of planet gears

to torque acting on them (Pattern A)
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Fig.7 Influence of position deviations of planet gears

to torque acting on them (Pattern S)

THIIRWEEEREORER SVE/L, THIIK
NHEDNRIEERENRETDI EICE>TAW M
JOHEBEONSLVWRIEEGFENEML TNWE L
NIns.

5. RipsaHWAMERFEDOREREFOBKRE

51 RbHHWUEEREORERM F1DHE
TTOWBERELEBICBNT, Ny Iy M0 E
B, KB NHIEEFENEELIBD S MERED,
N —2ATIRFOum, /NF—>2STR7TLmE R
STWS. EAHHNRIEEWENRELBEDSME
REZABODD ZENRFLORA 2 NTHB. ¥
—VA~TETIE DWW THEREEZEBEORENY Y Ty
%0,051237E0 T, RPHHORIEEEGENRE
ELBYANEBRELZETS. AWMV IIEEF
BREDSOBIZHYE T S59N m(—EH) &T5.

—225—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

LR—DHREHZLT. DlaEionid, XF—
YBE)E(CK)BELX DR TR —ERERL, ¥
BN — 7 bERNICRA—RMBREFEEEZRT
DEEZHND.

B C
] > (§ s 7N s)
Planet 3
Planet 1 sP D
(§s M5) . o

1956 ANy 7 5y v EREEEREIC B 5 SEEE B 2R
Load torque ; 5.9 N'm _O_A,F
E 50 s -
2 |—#=B,CEK
£ 40 ——~D,L
§ - ——G,ILM
3 30 - —0—H,N
=
£ A o w __e —O—JR
s WK T | —=os
L
§ 10 = —-PT
L A S ——Q
= |
< 0
0 1 2 3 4
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Fig.8 Allowable position deviations of planet gears

in the patterns of position deviation
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Fig.9 Details of tooth load and sun gear radial
displacement ( Pattern B,C,E.K)
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Fig.10 Detail of tooth load and

sun gear radial displacement ( Pattern H )
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Fig.11 Detail of tooth load and

sun gear radial displacement ( Pattern Q )
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Table 2 Reduction ratios and related conditions

Reduction ratio isc 3 3.67 5 6

Number of teeth |Sun Zs 40 30 20 16

Planet |Zp! 20 25 30 32

Internal| Zi 80 80 80 80

Center distance mm a [22.500]20.625|18.750 | 18.000

Load torque N-m T|] 7.1 6.5 5.9 5.7
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Fig.12 Allowable position deviations of planet gears

in different reduction ratios (Pattern H)
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Table 3 Sizes and related conditions
Module Mm |m| 0.5 06 (075} 0.9 [ 1.25
Center distance Mm | a [12.50(15.00|18.75{22.50(31.25
Facewidth - Mm [ b | 80 | 100} 12.5 | 15.0 | 20.0
Load torque Nem ([T | 1.7 2.9 5.9 10.3 | 27.9

Allowable position deviation ym

Target of Backlash arc-min

Fig.13 Allowable position deviations of planet gears

in different module values (Pattern H)
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Fig.14 Allowable position deviations of planet gears

in different module values (Pattern H)
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