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Abstract

In this research, laser welding of automotive transmission components was investigated to replace electron
beam welding which is normally conducted under vacuum condition. Fiber laser welding was applied to
the automotive transmission components - hub clutch and annulus gear. In the component welding, the
laser welding parameters were optimized to eliminate spatters and the end crater. By applying laser welding
to the transmission parts, the process time could be reduced up to 70% compared with the current electron
beam welding process.
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Table 1 Properties of base materials

C Si Mn P S Fe
SPCC 10.0974| 0.01 | 0.238 | 0.0132| 0.005 | Bal.
SAPH440 0.0956|0.011| 0.685 | 0.0106 | 0.050 | Bal.
SPFH590 | 0.09 | 0.1 | 0.39 | 0.009 | 0.002 | Bal.

C Si Mn P S Cu
SCR420 | 0.022 ]0.026| 0.089 | 0.0013 | 0.004 | 0.015
HB Ni Cr B Nb Fe

0.007 10.122{0.0002| 0.0023 | Bal.

(a) Fiber laser,

Fig. 2 Experimental apparatus;
(b) Laser welding system
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(a)

Fig. 3 Spatter generation during laser welding of
annulus gear : (a) Laser power: 3kW,
Focal position: Omm, (b) Laser power:
2.5kW, Focal position: -13mm

Fig. 4 Laser-welded hub clutch assembly
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Fig. 5 Laser output power profile for crater
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w

Laser power (kW)

0 360

Angle (Deg.)

7] 43 FLe) was1del 8 5 Qo] okgH el
£ 81 27 A9 ARE 29 el A of

a5 AEAA FeelEg A, £&=I we
golA &Hole BFEdA FHS FAH R =9
T+ ¥ (Ramping down)< ©]-g3dl Aoy
AAS = Zo| nfEAstt Addis BHe]Eo]
1314 o] eHg] AxE FHA AF oS of
B Fig. 5= Aoy AAS AT 29| #4490}
N or Hozr, o2 F3f ddor &4
He &4 S AR B s
T4 v S WA staat ‘G}Oi‘i‘r

g vl e Aoy Ass BEs] floto]
Table 29} 22 6719 M} iﬁ_i 2.6mm 7
o] SPCC axAfell ¥4 134mme] 9 ZARSHAA H]
=S FYsY. &4 F AIFHe Agole R
o] #ol& HFE 32 FASH7IE o]t SA st
deow, HE= W 947 AdelEY Eole A7
Fig. 63 Fig. 73 2t} 0=} 5= oW 7t
Me Agole o] HE Fol7} RAjHT wston 10

m\m

o 3w

4
M o mlo |o

© olgelE 3 emel Fasle) Ve FUY
o] Ausme Adole el HE wolh wAls fAt
S e AL G 4 ook

33 #olx 8HF got

3.143 3.24dM YT FHEAL o83t &
A o) zr]ojs} sjugefA] oae]d e &3
HARS aslo] Fig. 8o dehhieh. AlFe] 40l
L8k W= go], §]iZle], W= & T2l Hed
S wESislor, Az S Ag Ageld &4
o] o] FojA|7] wFel] =3} O*i‘%% Alefst g
+EHATE o 22~25%7F 88 ¥lE] @olA &

Kbt - EEEEE H29% %655, 20114 127

47

No .overlap overlap overlap length

: time (ms) angle (*) (mm)
1 0 0 0
2 35 5 1.8
3 70 10 3.5
4 105 15 5.3
5 140 20 7
6 175 25 8.8

(d) 15°

(e) 20°

overlap angles

0.3

o
o
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Bead height (mm)
o

—0.14

—0.2

AN

(f) 25°

Fig. 6 Bead appearances according to various

Overlap angle (Deg.)

Fig. 7 Measured bead height at crater

Fig. 8 Cross-sections;

clutch assembly

(a) annulus gear, (b) hub
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Fig. 9 Vickers hardness profile for annulus gear
part
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