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Planet Bearing Design of Slewing Planetary Gearbox

Young-Jun Park*, Geun-Ho Lee’, Jin-Seop Song’, Yong-Yun Nam', Sung-Ha Park

Abstract

In order to meet the service life of planetary gearbox, a planet bearing, well known as the component with the highest
failure rate, is designed. To predict the bearing fatigue life, ISO standard(ISO/TS 16281) is used, and the design parameters
of the bearing are optimized using a parametric method. The whole planetary gearbox model is developed using a commercial
software to calculate loads acting on planet bearings accurately. The results state that the designed bearings are satisfied
with the life of 15,000hours, and the bearings that consist of 22rollers of 58mm have 1.6times longer life and better load
sharing relatively than 22rollers of 28.5mm. Also, the increase in preload of taper roller bearings on the output pinion

shaft prolongs the life of planet bearings regardless of roller's length.

Key Words : Planet bearing(-3-/37]o] #|o]=d), Planetary gearbox(-+4] 7]©{2}2), Bearing fatigue life(H]o1® T2 4=1), Needle
roller bearing(UE £ H|©]¥)), Dynamic load rating(5%]Z 3}5), Dynamic equivalent load(557} 315)

NOMENCLATURE F bearing radial load
f.l4.k] stress correction function for consideration of
a;qo  life modification factor based on systems edge load at the inner ring contact
approach of life calculation f.14,k] stress correction function for consideration of
a, life modification factor for reliability edge load at the outer ring contact
C, basic dynamic radial load rating i number of rows of rolling elements
C, fatigue load limit L,,.. modified reference rating life
e spring constant of a roller with line contact L,  effective roller length
e, spring constant of a roller lamina L,,  basic reference rating life
D, effective roller diameter M,  moment acting on tilted bearing
eo contamination factor n, number of laminae
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P, dynamic equivalent load of bearing lamina &
D contact stress between outer ring and roller
D contact stress between inner ring and roller
Q. rolling element load for basic dynamic load
rating of outer ring
Q. rolling element load for basic dynamic load
rating of inner ring
Qo basic dynamic load rating of bearing lamina
at the inner ring contact
Qs basic dynamic load rating of bearing lamina
at the inner ring contact
Qe dynamic equivalent load of bearing lamina
at the inner ring contact
Qi dynamic equivalent load of bearing lamina
at the inner ring contact
Gk load on the lamina & of roller j
s radial operating clearance of bearing
X, distance between center of lamina & and
roller center
zZ number of roller
« nominal contact angle of bearing
ol auxiliary parameter
5 elastic deflection of roller j
Ok elastic deflection of the lamina & of roller j
5, relative radial displacement of both raceways
K viscosity ratio
A reduction factor for stress concentrations
v adjustment factor for exponent variation
®; angular position of roller j
0 total misalignment between inner raceway
and outer raceway
Y, total misalignment between inner raceway
and outer raceway in plane of roller j
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Fig. 1 Entire model of planetary gearbox used in this study
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Fig. 2 Load sharing amongst planet gears

Table 1 Comparison between kinematic and system analysis

Load acting on planets, N
Planet
Kinematic analysis System analysis
1 168245.96 168247.77
2 168245.96 168243.73
168245.96 168246.38
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Fig. 3 Lamina model

Fig. 4 Misaligned roller bearing
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Table 2 Reliability factor, a;

Reliability ap Reliability a
90 1.00 99.4 0.190
95 0.64 99.6 0.160
96 0.55 99.8 0.120
97 0.47 99.9 0.093
98 0.37 99.92 0.087
99 0.25 99.94 0.080
99.2 0.22 99.95 0.077




HAE - 0|2= - SAUY - HER - gMs
(s ST 4 Woly e BEsH M40 Us el wefge 4t
g0 = 011 = (25071~ )5 7] $itol wlol Aol e WAL xel 2o 4, 2o
for 0.4 < 5 <1 A7, B3 Zo|g A WpR AFSGov, A WeEe
ot (asert LT o < C #8510] Table 39| FAF AAZ AR AT 2 T3H vl
taso = ' 0TI P FAo] & HEYUE R Fe| 28 A7 o] AYEH H|o]
forl <k<4 (19) 29 "X 27 (pitch circle diameter)y} 447019 W73

4, 737101 HiojZle] 8A A &Y

78710 Holdel 2l
Wl A istel 7b WA Lesop 3 Al ¥
ofgel 43| F7k 2 84 % ol &= 2otk £ AT
oA fr3710f HolE o] HAE A3 a2AE ot Aok

D HA B : fA71019] AL AFE GOmm 2ol
atul, $471019) Y(rim) FAZ DHske] YHL 95mmick
Zofof 3},

ii) 29 & - F2 A %
&tH, ISO VG 150¢! froll FAA

iii) wojgo] AA|sfof & gt 2|
170kNZ} Z o} 2.254rpmo|t}.

$4971019) W43t §499) 9l74o] o3t wojgo] A
Zho] wj$- Faste] F& TUANE 2 5L AT 4 Ak
FA 9 wolgo] dastlnt. LA f47]°] HM%EE 4
5 =7 Hojds Ak B3, Us S Hlog o Al
I} shgof #dE a4z % O3t .

iv) Wlofg A At 24 - 29 270l 10mmE HA]
gFotor shar, &9 Ao 1% 7h53< J1#ste] 60mmoJste
sheh 3 wo]ge] w7 8 412l 15,000

7otz
AZF ol gelofo} sful, o] k5414 BikE TS| 913t

S 27 33 315

Fe .

Al
2]
s

4 22 352 A3}
S35k Al

A ‘\:_
“1 [

ar
[€]
1=

l

=

o 288 A wol H4Z & Yk F ASYAE(
complement) H|o]g] & M7 o} 3t} & HAZHE Ho
olgk 2219 7ol= Ha2 FH Aol glof= Bhal 1
32l 8 g2 E2E A HoF e 55 A s8e et
3 Zloltt.
Table 3 Roller geometry and bearing property
Case No. of Roller Roller Dynamic
roller dia. mm length, mm |load rating, N
1 24 9.01 58 2.56E5
2 23 9.46 58 2.62ES
3 22 9.96 58 2.69ES
4 24 9.01 28.5 1.45E5
5 23 9.46 28.5 1.49E5
6 22 9.96 28.5 1.53E5
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Fig. 5 Determination of roller diameter

Fig. 7 Installation of case 6
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Table 6 Load acting on bearings and LSF of case 3

. BRG Bearing fatigue life BRG Radial Average
Planet pin . i
P position Mrevs Hours Planet pin position load, N load, N LSE
1 LH 81.45 60229.0 LH 85769.9
RH 56.06 41454.1 1 RH 83072.9 844214 1.02
5 LH 51.73 38253.1 LH 95178.8
RH 90.18 66679.1 2 RH asasg | S48l 112
\ LH 68.90 50949.9 IH 89062.4
RH 67.13 49638.1 3 RH ose1z | 24018 1.06
Table 5 Bearing fatigue life of case 6 Table 7 Load acting on bearings and LSF of case 6
BRG Bearing fatigue life BRG Radial Average
Planet pin . i &
P position Mrevs Hours Planet pin position load, N load, N LSF
1 51.86 38345.5 1 56651.6
2 588.41 435086.7 2 27108.2
1 1 42212.9 1.45
3 815.51 603011.9 3 23917.5
4 31.83 23534.7 4 61174.7
1 32.00 23661.8 1 64934.6
2 485.74 359169.9 2 28630.2
2 2 42434.5 1.53
3 1058.00 782318.4 3 22242.6
4 50.60 37418.3 4 53930.7
1 43.28 32004.1 1 59666.2
2 542.46 4011134 2 27760.0
3 3 42284.8 141
3 888.91 657288.4 3 23374.6
4 38.04 28128.8 4 58338.9
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