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A Study on the Load Sharing among Planet Gears according to the
Phase of Carrier Pinhole Position Error in the Planetary Gearbox
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The planetary geartrain can be reduced in size and weight, and has excellent durability since the input torque is divided by
the number of planet gears when the power is transmitted. In order to improve its durability, the load sharing among planet
gears must be even. However, of the various manufacturing errors possible, the carrier pinhole position error has the
greatest influence on load sharing. This study compared and analyzed the load sharing and the gear safety of planetary
gears, according to the phase of the carrier pinhole position error. We confirmed that load sharing among the planet gears
varied, depending on the phase of the carrier pinhole position error. The mesh load factor is inversely related to the gear
safety factor for bending and contact, and affects the durability of the planetary geartrain. Also, in the design of the
planetary geartrain, the load sharing among planet gears is directly affected by the carrier pinhole position error and its
phase. Therefore, the geometric tolerance must be managed efficiently, which needs to be reflected in the production
drawings.
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NOMENCLATURE Ky, = Transverse load factor for contact stress
Ky = Face load factor for contact stress

u = Gear ratio K= Dynamic factor
K, = Mesh load factor

m,, = Normal module

d, = Reference diameter of pinion (mm)
F, = Nominal transverse tangential load at reference cylinder

per mesh (V) Ncp = Number of planet gears

K, = Application factor
K, = Transverse load factor for root stress

K5 = Face load factor for root stress

T:» = Input torque (Nm)
Tyrancn = Torque in branch with heaviest load (Nm)
Y3 = Rim thickness factor
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Ypr = Deep tooth factor

Y = Tooth form factor

Yyr = Life factor for root stress

Yreir = Relative surface factor

Ys= Stress correction factor

Ysr = Stress correction factor for reference test gear
Yy = Size factor for root stress

Y= Helix angle factor for root stress
Yser = Relative notch sensitivity factor
Zpp = Single pair tooth contact factor
Z;; = Elasticity factor (N/mm?)

Zy = Zone factor

Z; = Lubricant factor

Zyr = Life factor for contact stress

Zr = Roughness factor

Zy = Size effect factor for contact stress
Zy = Velocity factor

Zyw = Work hardening factor

Zp = Helix angle factor for contact stress
Z,. = Contact ratio factor

or = Tooth root stress (MPa)

ory = Nominal tooth root stress (MPa)
orc = Tooth root stress limit (MPa)

Omim = Nominal stress number for bending (MPa)
oy = Contact stress (MPa)

oo = Nominal contact stress (MPa)

o = Pitting stress limit (MPa)

omim= Allowable stress number for contact (MPa)

1. ME

F7IEH I o2 7)) f-d710fel Qsf Y Ea7t &
gEo] TS ALHeR A} Y APt 7hsshal, WA
ol Fofutt. fH47101EHN WdE FAIZI7] Asid=
3710179 Bl Bl wdsteiof gtk IRy 7|01
AE sk 7101, Hlol®, AH, ARl S HEE2 2
27F ZAsHH, o2 Qlsto] f/d7101te] ok RS wtUsH
Sh= Alo] 44| gt 71019 Azt eak= 2| e, 1A 4t
2ok @aprt lom, Hoj® Alztel ot ygd} o, HEA
o @4}, fAdHE AElofell oA 7leAl 21 LAF Ao ot
2 9 A& A 23 5ol 23f #4710t sk 2ol et
UA| ARk =5t o2t 252 7]o1e] uAdeRIvE
FA7INEHRIS] 84 S WEA7IA] Hok=

=8
3710 3- 6718 A1 15k Sd710 ]l Al
Beold B Ao Qe 23 71, Algolo] WE X

©31% B2 ofa] A ol 174e] Ve
oA Tefstel 47017 B Hate .
B g g4l e Q10 sl% Rate] JFS AL ol
A 231 Zoll Aelole] BE A ©AF Ae
AgEjol 4 melo] whedalo] §4371017ke] Bl Hake sl
gA710Ed 0] Yol mAE Qe AT AuE
Agdo)d mEe AL meIade olgslgon, o mue
Kim'e] o qlolx] AZHet si4 242 Aelole] W3
oA oA UF e7lE TR Aol 3399 24e F
o 9z el BT 947 oA Fo AR ol gslol N
M A Alolo] wresto] al4e Sayaigct.

- RIII0EZRI2] AlZE0|M 2™

2.1 SMII0EGQlIe] 1=

F7IEHIE 4710, /47101, ®710], Azlelz g
gk 749710 22 74471019 7iees alel. 32 2710
2 o] Arlol= S5, AlElels ot

Fig. 12 f/47]o1E8Q1e] 25 Yehd Zlo|v, Table 12
37101E 1e] Aot

<4———— Ring gear

Carrier
Sun gear
Planet pin
Planet gear
Fig. 1 Structure of planetary geartrain
Table 1 Specification of planetary geartrain
Items Stage |
Sun Planet Ring
Module (mm) 35
Pressure angle (deg) 20
Center distance (mm) 142.75
Number of teeth 50 31 114
Tip diameter (mm) 182.29 117.15 389.05
Pitch circle diameter (mm) 176.23 109.26 392.13
Root diameter (mm) 166.60 101.45 404.79
Facewidth (mm) 74 72 74
Number of gear 1 4 1
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Fig. 2 Pinhole position error of carrier

Table 2 Analysis condition of pinhole position error

Pinhole position error (um)

Case
Pinhole 1  Pinhole2  Pinhole 3  Pinhole 4

1 0 0 0 0

A 2 0 0 0 80
3 0 0 0 -80
4 0 0 80 80
5 0 80 0 80

B 6 0 0 80 -80
7 0 80 0 -80
8 0 0 -80 -80
9 0 -80 0 -80
10 0 80 80 80
11 0 80 80 -80
12 0 80 -80 80
13 0 -80 80 80

¢ 14 0 80 -80 -80
15 0 -80 80 -80
16 0 -80 -80 80
17 0 -80 -80 -80
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Table 3 Gear safety factors

Gear safety factors

Case Root Flank

Sun  Planet Ring Sun  Planet Ring

1 3.19 2.29 2.29 1.67 1.80 1.68
A 2 1.35 0.97 0.97 1.09 1.17 1.09
3 232 1.66 1.67 1.43 1.53 1.43
4 1.72 1.24 1.24 1.23 1.32 1.23
5 1.59 1.13 1.14 1.18 1.27 1.18
6 122 0.88 0.88 1.04 1.11 1.04
5 7 1.23 0.89 0.89 1.04 1.12 1.04
8 1.73 1.24 1.24 1.23 1.32 1.24
9 1.61 1.16 1.16 1.19 1.28 1.19
10 2.30 1.65 1.65 1.42 1.53 1.43
11 1.68 1.20 1.21 1.21 1.30 1.22
12 1.59 1.14 1.14 1.18 1.27 1.18
13 1.66 1.19 1.19 1.21 1.30 1.21
¢ 14 1.07 0.77 0.77 0.97 1.04 0.97
15 1.11 0.80 0.80 0.99 1.06 0.99
16 1.09 0.78 0.78 0.98 1.05 0.98
17 1.31 0.94 0.94 1.08 1.15 1.08
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