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Design Improvement for a Planetary Gear System in Hydraulic Drive System
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Planetary gear systems have several advantages over traditional gearboxes with parallel axis
gear shafts. The planetary gearbox arrangement also creates greater stability due to the even
distribution of mass and increased rotational stiffness. However, gears in planetary gear systems
occasionally have a short-life due to wear and breakage by repetitive load during operation time.
In this study, we evaluated variables of the strength design for each part and conducted structural
analysis of seven cases of the planetary gear system. The result of structural analysis was
applied to shape optimization method and obtaining the weight lightening designed value.
Subsequently, the planetary gear system was performed to ensure the durability of gears during

operation time with miner’s rule.
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Fig. 1 Planetary gear system

1st planetary gear set

~(2nd planetary gear set
Fig. 2 Planetary gear system

Table 1 Primary components of the double planetary
gear system

1* planetary gear set 2" planetary gear set
Component | Material | Component | Material
Drive gear | SCM420H | Flange holder | GCD500

. nd

Ring gear | o py7gg | 27 Planetary | gy o
(Housing) gear (4ea)
Carrier GCD500 Sun gear SCM420H
st
1" planetary SCM420H |2nd trust plate| SPCC
gear (3ea)
1* trust plate |  SPCC
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Table 2 Specifications of the planetary gear system

lst

2nd

Sun

Planet

Ring | Sun

Planet

Ring

Number of
teeth

10 35

83 14 33

83

Width of
teeth (mm)

25 | 215

81.5 | 51 35

81.5

Module

2.75

Pressure
angle (°)

27

Reduction
gear ratio

53.706

Table 3 Components of the case

Mark Components
Case 1 Drive gear + 1¥ planetary gear (3ea)
. st
Case 2 DrlYe gear + 17 planetary gear (3ea)
+ Ring gear
Case 3 Sun gear + Carrier + 1™ trust plate
Case 4 Sun gear + 2nd planetary gear (4ea)
nd
Case 5 Sun. gear + 2" planetary gear (4ea)
+ Ring gear
Case 6 Flange holder + 2™ trust plate
1* planetary gear (3ea) + Drive gear
Case 7| | Shaft drive
Table 4 Material properties
Young’s Yield . s .
Material | modulus | strength Porleslii(z)n s ](?(er;rsrllg})f
(GPa) | (MPa) &
SCM420H 207 792 0.3 7,800
GDC500 172 414 0.37 7,200
Table 5 Results of structural analysis
Max1mum Total deformation | Safety
Mark |equivalent stress (mm) factor
(MPa)
Case 1 376.95 0.13 (Drive gear) 2.1
Case 2 396.05 0.13 (Sun gear) 1.99
Case 3 400.31 0.047 (1** trust plate) | 1.03
Case 4 674.28 0.027(Sun gear) 1.17
Case 5 620.84 0.048 (Sun gear) 1.27
Case 6 283.31 0.04 (Flange holder) | 1.46
Case 7 723.54 0.19 (Shaft drive) 1.09
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Fig. 3 Modified modeling using shape optimization

Table 6 Possibility of weight lightening

Mark Possible to 'weight Impogsible t€) weight
lightening lightening
Case 1 O -
Case 2 - O
Case 3 O -
Case 4 - O
Case 5 - O
Case 6 O -
Case 7 - O
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Table 7 Results of applied shape optimization

Equivalent,  Total Mass Decreasing
Mark stress  |deformation mass

MPa) | (mm) | *®| (k)

Case Standard| 376.95 0.13 347 0.59
Modified| 362.07 0.13 2.88 | (17%)

Case 3 Standard| 400.31 0.047 |4.13| 0.61
Modified| 410.77 0.048 [3.52] (14.7%)

Case 6 Standard| 283.31 0.04 11.01| 0.25
Modified| 230.79 0.04 10.75| (2.4%)

olgjgt HAE AX AFstE P oigd
ZAA AR ke AuEd 2] AA] SEEXE
@ v Age veds g & F gtk
A3 gk Table 7014 YeEblAo =3 53574
71l Alz="l @A s Ay x7] Radw
14.16 kg Y] °F 10% A2A1Z 12.74 kgo] =3}

47 ge asn
4. BBRYTIO AL Lo

41 Y HAAxzA
B3R 710l Alz="e] Jsid e A8 7
A& Fig 49k Zow, FohrE 2R E 98 A
whol 53.706°] H&EHl e EHETh
%@"*47]0% Alzloll HEH = FURE 1
A5 Fig. 59 2tk
w3 E3HRA 7|0l AlaEe] T Al S flal
#4718 FYTE FUED 43S A8
W, A&EFFHTAGA A g FAEEE1S
S d ML 88%, HE JJLA}%"‘
of ek WMEg 88%=E AUt g 1
240 ARBHILETE o] BR 14 50047, 24
500 AZto® F 27 FEAIZE 1,0004 ko2 A
43t 0.1, Table 89 2| sto] vheR A

i) I-N

b
_F_l(
[\
B

k[0 oft

4.2 LfFolile HdAHS MF

E3d710] Alz=wle] 89T 1,0004] 7F
o RHEE AA kS 3] Sl 9@ kA AA
WS Table 99 Zo] A3t AA Maes
7101e] 58S FAsA Ee A W UedA
gl AoF gt ol A 2UE FF Y
A4 & & e AARSTE A 7ol A
(SCM420H, SCM822H) W73} A Zo] W3l=s &

A<
T 2

Fig. 4 Boundary conditions for durability analysis
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Fig. 5 Performance curves of hydraulic motor
Table 8 Load conditions in durability analysis
Torque Speed Duration
(N - m) (rpm) (hr)
1 speed 185.24 1,139 500
2 speed 107.13 2,117 500

Table 9 Design variables for the double planetary gear

system
1% planetary gear set | 2™ planetary gear set
Tooth Tooth
Mark
o width | Material | width | Material
(mm) (mm)
Case 1
(Standard) 21.5 |SCM420H 35 SCM420H
Case 2 21.5 |SCMS822H 35 SCMS822H
Case 3 22.5 |SCM420H 36 SCM420H
Case 4 22.5 |SCMS822H 36 SCM822H
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Fig. 6 Bending and contact stress damage of case 1
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Fig. 7 Bending and contact stress damage of case 2
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Fig. 8 Bending and contact stress damage of case 3
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Fig. 9 Bending and contact stress damage of case 4

Table 10 Durability analysis results

Mark Gear Pass/Fail Combined life
(hr)
15 Sun Pass 1,526
Case 1 Planetary Pass 1.1e4
(Standard) ond Sun Pass 2,909
Planetary Fail 901
15t Sun Pass 4,040
Case 2 Planetary Pass 1.4e4
ond Sun Pass 3,955
Planetary Fail 901
15t Sun Pass 2,385
Case 3 Planetary Pass 1.7¢4
ond Sun Pass 3,328
Planetary Pass 1,023
15t Sun Pass 3,214
Case 4 Planetary Pass 2.3e4
ond Sun Pass 4,524
Planetary Pass 1,023
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