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machining, and the shaft and housing, made of different steel grades, are joined
using electron beam welding for enhanced stability. To compare welding process
times, this study assumed identical power and process temperatures, with all input
energy converted to heat without loss. A stress analysis was performed to optimize
the process and meet design requirements of 170 kgf-m, 1 million cycles, and a
safety factor of two. The variations in welding time based on weld radius and disk
thickness were analyzed. The optimal conditions, with a weld radius of 61 mm and
a disk thickness of 4 mm, resulted in a 51% reduction in welding time and a 2.1%
decrease in mass compared with the initial model.
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Fig. 1 Configuration of the wet clutch model
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Table 1 Clutch housing welding conditions

Beam | Acceleration | Rotation Weld
Case current voltage speed angle
[mA] [kV] [RPM] [°]
Main weld 42 2.9
60 362
Bead weld 50 5.8

Table 2 Calculation Results Based on Electron Beam Welding

conditions
Case Beam power | Weld time Required energy
(W] [s] ]
Main weld 2,520 20.8 52,428
Bead weld 3,000 10.4 31,207
0

t= o — 2

360 X w @
E=PXt 3
9] Aol = 4] HF(beam current), U= AY(voltage), 0=

£34 Zt=(weld angle), w= 7
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Table 3 Mechanical properties of wet clutch parts

Material Elastic modulus | Yield strength | Tensile strength
[GPa] [MPa] [MPa]
Weld zone 2119 1,245 1,450
SCM420H 2103 723 1,005
S20C 213.6 281 488
650 -
—— SCM420H
600 -=---520C
=550
a~
2 500+
=
2 450
4001 .
< AN
2 350 4 S
2
% 300 .
2501
200 T T T T 1
10° 104 10° 106 107 108
Number of Cycle

Fig. 2 S-N curve of S20C and SCM420H
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Fig. 3 Results of weld analysis from simufact Welding
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Fig. 4 Configuration of the spindle and jig for torsional testing
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(a) Actual weld joint

(b) Weld joint model
Fig. 5 Weld joint simplification
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Fig. 6 Mesh independence: minimum mesh size in the weld
zone

w

2ei7 51949 §4% SEsES Sih 4
Q1 Ansys Mechanical 23R1 AR&SHITE &4 H]
3] sjAlo] HEFEE o]y 95 FeA AZaRIT Y=
Za}o] HZHo| KARe] A7 Q7LAKF 170 kgfm, 1009
Sogsiolrt 2Zekel WEolA shaiAls 2a
sgfal7] 98l 710l A WEeINe] S71eIES ejateglon],
AEP] HEH oﬂ 19,205 N.J E2AS Hojstqh
Ze{Ao| Zﬁi 218 StH, Al 25 7‘743',} 2}ol7t
3

o X odlm ok

o H o o ™
o Ei

o

4>

OH;. D

mlo

1::

m
e

L

1o

9] g5et 0}—r°ﬂ 1% xVl(ﬁxed support) 271& A8sile
o, 2eA]9] ARRES 7], a8a F3t 7]9] HEFole npEEy
S MAsto] AA A% d4LS ¢ AesA Adsinh

AP 8 ofA8H, nh e AT tEA ToluA HApES
AHgstol BAE S7ts] §8A717I0% uhel, HasolH U

d

318 A2 SAo] trekith wheb AA Aol Al
A4442 Susly] Sle] H(merge) AAZAE A Ao]
F83h ol % zuu wEZ BYHOR BYsiel Qi o

o2 axmoﬂm 38 152 Hasel,

§A0% 4 9

3.3 S/F 228 43 § 3y

AT SHsi 9] A &017] sl B ERE] £5mm
T2 HAIE AESSIGIT. AlEE ol Axte] Aeldg gHst
7] e, 84459 24 HA] 27](weld zone mesh minimum size)
& WHIA7IH 2ASE ZYsIgiTh. 1 A3, Fig. 63 2ol &
=7] 0.2 mm o)A HA] L4 (mesh element)Q] 7157} 7t
S|z 57HeYol 719 WolA| Fom fyste g gRlstlth
SAR AElde Idely] flsl thaat 2ol HSAleE AR
et

F,=—" (6)

Al (6)91M Fs= FZdA(safety facton)2 A9 FEZ=
(yield strength, oy)oll T3
HIE et

SealA At s19-Ao] B0 oJ5f d)HstHA A, &3
BOARZE o7 7% Hgko g WyE|Qlon o]o] w) ARZE
7t 3t QAR st ol F% §Hol AR Fig. 70l
LreRd vkeh o], 4R she-Ael Xth 57132 120 MPa©]
223t} A (6)S 0|83 FEAE 7|F02 HASE =&
7éﬂr, 9“”"%94 Zﬂ—’r\— et *74]-’%% 2.3 O]E] 1007+ 3] OV‘L] SRcE=y

S7F&8(equivalent stress, 0.)

Unit: MPa
120.0 Max
I 100.1
80.2
60.3

40.4
20.5
0.6 Min

Fig. 7 Equivalent stress distribution in the weld zone

Table 4 Stress analysis results of the initial model

Stress analysis result | Weld zone Shaft Housing
Node 5,818,361
Element 3,934,547
Maximum equivalent
. [&Pa] 57 102 120
Safety factor > 15 7.1 2.3
Life [cycle] 3.4x10’ 3.4x10’ 1.5%10’
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Table S5 Design requirements for wet clutches

Moment [kgf-m] | Life [cycle] | Safety factor

Design

. >1.0x10
requirement
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Table 6 Stress analysis results and process time variations with
weld zone radius

Weld zone Maximum Safety Total Welfiing
radius [mm] equivalent stress factor process time
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Table 7 Stress analysis results and process time variation with
disk thickness

. . Maxi Total weldi
Disk thickness a.>.(1mum Safety otal we fimg
[mm] equivalent factor process time
stress [MPa] [sec]
4 173 1.6 13.9
5 139 2.0 21.7
6 120 23 31.2
7 99 2.8 425
8 92 3.0 55.5
Table 8 Results of shape optimization
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