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The structural safety of hydraulic winch drum and the gears are estimated by the Finite Element Analysis (FEA) and the winch
operation experiment, The mesh convergence test is performed and the applied force is the pressure on the drum converted
from the rope tension in working condition, The stress of the drum calculated from the strain values of the winch operation
experiment shows the agreement with that from the FEA, Most stress values are under the yield strength except for the small
hole made for the wire rope fixation, The life of bearings in the drum is calculated using the life prediction formula with the
reaction forces from the operation load, One of the two ball bearings shows the short life for impact condition, yet the real
prototype winch system shows more life than the numerical value,

Keywords : Winch(®Ix]), Drum(E&), Hoop stress(AZIH S21), Ball bearing life(2H| 0= 4~&), Planetary gear(f4 7|04), Sun
gear(M 7]04)
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Table 1 Torque values

rom Torque equation Torque kgf-m

Motor 2930 56
1st Sun gear 2930 56
1st P/L gear 925.2 Tp1=Ts1+«Np1/Ns1 177
1st Carrier 344.7 Tc1=Tp1*(Ns1+Nr1)/Np1 476
2nd Sun gear 344.7 476
2nd P/L gear 156.6 Tp2=Ts2*Np2/Ns2 1047
2nd Carrier 53.8 Tc2=Tp2*(Ns2+Nr2)/Np2 3045
Cable drum 53.8 3045
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(b) Working load

(a) Wire fixing hole
Fig. 6 Wire drum and hole

Table 2 Property of FCA 600 steel of winch drum

Property Value Unit

Young’s modulus 200 GPa
Tensile yield strength, o, 360 MPa
Tensile ultimate strength, oy 600 MPa

A Static Structural
Equsralent Stres
Type (dec ert (von-Misen) Stress

000 SO0 00 (rmem) ﬁ
— -

25000
Mesh size: 20mm
Fig. 7 Mesh convergence

A: Static Strxctural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit MPa

Time 1

607.99 Max
54044
47289
40535

000 500.00 (mm) >I
—— ) -

25000

Mesh size: 10mm
(a) Peak stress

Max

1

)

[0.78035 3
24122 3
es;»m  [2067n

(b) Stress and safety factor

A: Static Structur

Mormal Stress 2 B
Type: Mormal Stre: LK)

Unit: MPa

Global Coordinate Systerm

Tirne: 1

200,01 Ivax »
127 82| REv

55628
-16.562

-88.751
-160.94
-233.13
-305.32
-377.51
-449.7 Min

TR

(c) Hoop stress comparison
Fig. 8 Stress of drum
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Table 3 Hoop stress comparison

Stress [MPa] | Eq. (6) FEA Difference(%)
Left-side 138.6 (-)147.5 6.4
Right-side 209.2 (-)218.4 4.4
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Table 4 Stress comparison of experiment and FEA

Experiment FEA Difference(%)

cht -3.9 -3.9 0
ch2 2.1 2.1 0
ch3 -12.1 8.4 44
ch4 -9.9 -11.3 14
ch5 -2.9 2.5 16
ché -2.9 6.2 114
ch7 3.0 3.0 0
ch8 -6.2 -4.8 29
ch9 -0.6 0.6

ch10 -1.6 1.6

:

20

- chi
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120 ch3
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ch10

Load[ton]
Strain[um/m]

1 -60

4 -80

] 100 200 300
Timels]

100

Fig. 10 Strain data at channels
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(b) Hoop stress(X axis)

(a) Longi. stress(Z axis)
Fig. 11 Stress by FEA

SHAITH Al 2Rt ARl L S A0l U2 Hof, s4mf
&
==

=
oz AZske ololrt Has|gict
3.3 747[0{% sy

Z2E{e] E3= 1Xt FA7|0 (planetary gear)& S50 2X
FAYI0{Z2 MY=D o] Yol 1A+ FAMY0{et &Sk UE
Ho{Zoll= E37F M= Ho{Zel HEo| e =
Ch HEoz ckestst 1st 4710 LiFol Cylindrical ZHI=
A (§|7EI_-|tcl>I-ﬁok xH?r _f._?‘_ H|-7=II:II-6I: —lx-l)oi 2[-‘?‘-01[ 1770 N'm
EFo| 2HET} MZEct 7a7|0f R HE HoiFDt
=5h= HolA{e| HIEH2 Table 501, 1AF FAM7[0{oll 34 gf=
Fig. 120l 20 MPa o|st2 &2 gfolct M 1x} FA7[0]
= QFM%H Alefjolct,

—

Al

A ol

258

tfstxMsts|=2% X573 HM5s 20204 10€



Of7|H - x| ol - e o - 2| 54| - Ui 2l - 0| S - MG 7 - | 2

Table 5 Force/moment reactions of planetary gear shaft

Force reaction Moment reaction
X Axis 8.3e-4 N 1.2e-3 N'm
Y Axis -62434 N 4.9e-4 N'm
Z Axis 9.6e-2 N =1770 N'm
Total 62434 N 1770 N'm

=
15t Planetary Gear

2
e

B cylindrical support 0 mm
B Moment: 1.77¢4005 Nmm

B: Static Structural
Force Reaction

28154 Min

Fig. 12 Force and stress of the 1st planetary gear
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Fig. 13 Boundary, load conditions, stress of sun gear
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Table 6 Load factor
Type of application

Load factor(f,)

1.0~1.1
1.1~1.3

Precision gearing

Commercial gearing

Applications with poor bearing seals 1.2
Machinery with no impact 1.0~1.2
Machinery with light impact 1.2~1.5
Machinery with moderate impact 1.5~3.0
Table 7 Ball bearing spec.
M Boundary dimensions (mm) Z?i;slo(?\l?
L1l d D B r Cr
L | 130 200 33 2 106,000
140 210 33 2 110,000
Table 8 Basic rating life of bearing
Bearing 1 2
G M 106,000 | 106,000 | 110,000 | 110,000
F. [N 39,485 | 39,485 | 82,514 | 82,514
S 1 1.5 1 1.5
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