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Strength and Durability Analysis

of the Double Planetary Gears
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ABSTRACT

A planetary gear train is more compact and endures greater amounts of transmission power compared to
other gear systems. Although planetary gear systems operate in small volumes, they are capable of very high
efficiency due to the compact combination of their gears in the planetary gear system. They also have
outstanding efficiency of only 3% for power transmission, tantamount to the power loss that occurs in each
of the shift stages. Given these advantages, planetary gear systems are used in the driving systems of, which
are widely used in automobile transmissions, machine tools, semiconductor equipment, and in other areas in
industrial fields. Current structural equipment requires higher efficiency and greater torque levels. According to
these needs, we have designed a complex planetary gear system which creates higher levels of torque.

In this paper, an evaluation of strength designs for the proposed planetary gear system was conducted to
ensure the stability of the gear. In addition, a durability analysis based on Miner's rule was performed using
RS B 0095 device.

Key Words : Double planetary gear system(&3-f77101 A=), Strength verification(3= 7%), Load
distribution(3}5&4l), Durability analysis(ti7+ 5% 3l 4]), Miner's cumulative damage rule(+
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Table 1 Load condition in strength analysis

Precondition Test load case

temperature (°C) 60
Speed (rpm) 1,480
Torque (N'm) 240.5

Lubricant SAE 80W
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Table 2 Design variables for the analysis

1st planetary | 2nd planetary

gear set gear set addendum

Tooth Tooth modification

width |Material| width |Material| coefficient

(mm) (mm)

SCM SCM

Case 1 215 35 not change
(standard) 420H 420H
SCM SCM

Case 2 | 215 35 not change
822H 822H
SCM SCM

Case 3 | 22.5 36 not change
420H 420H
SCM SCM

Case 4 | 22.5 36 not change
822H 822H
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Table 3 Strength analysis result for the case 1

1st 2nd ]
Gear Ring
S P S P
Comtact| | | . | 5477 | - | 9440 | -
stress
(MPa) R [1,789.2|1,789.2(1,961.7|1,961.7 | 944.0
Safety
0.957 | 1.028 | 0.993 | 1.030 | 2.255
factor
Bending) | | . | 1583 | - | 3945 | -
stress
(MPa) R | 256.3 | 194.6 | 477.4 | 465.4 -
Safety .
1.905 | 1.831 | 1.176 | 0.808 |[Infinity
factor
* S :sun gear L : left
P : planetary gear R : right
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Table 4 Strength analysis result for the case 2

1st 2nd
Gear Ring
S P S P
Contact| L - 542.9 - 935.8 -
stress
(MPa) | R [1,758.6|1,758.6/1,928.2(1,928.2| 935.8
Safety
0.973 | 1.046 | 1.010 | 1.048 | 2.274
factor
Bending| L - 158.3 - 394.5 -
stress
(MPa) | R| 256.3 | 194.6 | 477.4 | 465.4 -
Safety -
1.905 | 1.831 | 1.176 | 0.808 |Infinity
factor

Table 5 Strength analysis result for the case 3

1st 2nd
Gear Ring
S P S P
Contac| L - 534.2 - 930.0 -
t stress
(MPa) | R{1,745.0{1,745.0|1,947.0|1,947.0| 930.2
Safety
0.981 | 1.054 | 1.000 | 1.038 | 2.289
factor
Bendin | L - 150.6 - 382.9 -
g
SUess | R | 243.8 | 185.1 | 440.7 | 4586 | -
(MPa)
Safety Infinit
2.002 | 1.925 | 1.193 | 0.820
factor y

Table 6 Strength analysis result for the case 4

1st 2nd
Gear

Ring

Contact| L -

529.5 - 921.9 -

stress
(MPa) | R

1,715.2|1,715.211,913.8| 1,913.8 | 921.9

Safety

0.998
factor

1.072 | 1.018 | 1.056 | 2.309

Bending| | -
stress
(MPa) | R

Safety
factor

150.6 - 382.9 -

2438 | 185.1 458.6 -

2.002 | 1.925 0.820 |Infinity
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Table 7 Load condition in durability analysis

Torque | Speed | Duration | Rotation

(N-m) (rpm) (hr) direction

250 |clockwise

1 speed | 211.64 | 1,302.4 counter
250 .

clockwise

250 |clockwise

2 speed | 114.31 | 2,327.16 counter
250 .

clockwise
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34, AR, &3, F27) 0 A5 AVEe I A, A13H, AbE

3 W& Z239 Alojol o8 FAZ d¥E Table 10 Durability analysis result for the case 3
o] =zt
1st 2nd )
Gear Ring
A S P S P
7 L ) 1
42 710 W7 sl 24 Contactl | | N/A | NJA | N/A | NIA | N/A
71% 29 case 19 tid Wl 9 s A stress
Table 83 o] UERE = 9tk AzbelA S4d7]0] (MP.a) R 12,385.0| 1.7e4 |3,328.0| 1.3e4 | N/A
7h THE Zlojoll wlal ol e e & gtk PN L) NA | NA | NIA | 66ed | NIA
o stress
28 FA707F 8F e E uHeE AL ¢ 5 Mpa)| R| N/A | NIA | 1467 {1,0230| N/A
Stk 25 AZE F71A717] S8l case 29 21 Compined

ixﬂ% SCM 420H°ﬂ/“] SCMSZZHE t‘qi%]g}%q__ A Iife (hl’) 2,385.0 1.7¢4 3,328.0 1,023.0 N/A
) y-Ke) = o7 5 Z2=m O o

Aol WAooz AE SHA W i FHEE of 2 Pass/Fail | Pass | Pass | Pass | Pass | Pass

Hj o) st o, Aol EACE Qg 33

S hg BT $He WskelA aee sy

o 71 mdy vlwste] 289 §A7)ole] xZ&  Table 11 Durability analysis result for the case 4

(o3

1mm F7FA1%1 case 39 U+ &9 dA A3 oF 1st ond
$e wEse AdE dlsgoh Gear I — 5 s 5| Ring
Table 8 Durability analysis result for the case 1
Contact| | | N/A | N/JA | N/A | NIA | NIA
Gear 1st 2nd Rin stress
ea S 5 S P g (Mpa) | R|3214.2| 2.3¢4 45246 1.7e4 | N/A
conteet] | | n/a | na | A | NA | NA Bendingl | | N/A | NJA | NIA | 6.6e4 | NIA
stress stress
(MPa) R|1,526.5| 1.1e4 |{2,909.3| 1.1e4 | N/A (MPa) R| N/A N/A | 1.4e7 [1,023.0] N/A
Bendi Combined
MO L] NA | N/A | NIA | 2.6e4 | NIA _ 32142 2.3e4 |4524.6(1,023.0| N/A
stress life (hr)
Mpay| R| N/A | NIA | 8.6e6 | 9017 | N/A :
. Pass/Fail | Pass Pass Pass Pass | Pass
Combined
. 1,526.5| 1.1e4 [2,909.3| 901.7 | N/A
life (hr)
Pass/Fail | Pass Pass Pass Fail Pass 5. 7E=' =
* S ! sun gear L : left
P : planetary gear R : right " e " . o
o = = a=
Table 9 Durability analysis result for the case 2 Aol M e M) 710 AAl o8
=& Miner®] FAEFHE A&t BFgH4719
Gear 1st 2nd Ring 71o] A z="le] ks WA S FheA
S P S P o olE 3l il 3 2 AFSHo o
contactl | | N/A | N/A | N/A | N/A | NIA g3 £gee] da Wrde Fristdn =3
stress s 1 a1 -
(Mpe) | R |4.040.8| 1.de4 |3,9553| 1.5e4 | N/A A= B UlTAel AR Tlotel dsiA= WE
" 29 & ] = ;s]'/H ?_]_-% E‘__i-“ .
Bending) | | N/A | N/A | N/A | 26e4 | NIA aushel e sstEs
stress 1) AA 24 471A o] tiste FH 5o Fo=
(vPa) | R| NA | N/A | 8.6¢6 | 901.7 | N/A O HE R FYLAl BT ol FE HHe 5
Combined 3 A o X o o} 8
_ 4,040.8| 1.4e4 [3955.3| 901.7 | N/A A A3t 19 Avjoist 2d FA7ofel M g
life_(hr) 105 9SSR Rote AH4E 1 4 ok
Pass/Fail | Pass | Pass | Pass | Fail | Pass 2) A7 2d 474A 0] sty ALEE YT sAS
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