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Development of Large Rotor Shaft for Marine Turbo Charger Using Friction Welding

with Dissimilar Materials
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Solid state joining techniques are increasingly applied in a wide range of industrial applications.
Friction welding is a solid state welding technique that is used to join similar or dissimilar
materials. In this study, friction welding was applied to rotor shaft composed of a disk and a shatft.
The disk and shaft were manufactured by hot forging and rolling, respectively. The aim of the
study was to predict the structural characteristics during hot forging and friction welding process
for rotor shaft of turbo charger. The structural characteristics were determined by heat input and
heat affected zone (HAZ) during a short cycle time. Thus, transient FE analysis for hot forging
and friction welding was based on heat transfer. The results were used to predict structural
characteristics during hot forging and friction welding processes. The prototype of rotor shaft was
manufactured by the result-based process parameters.
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Table 1 Chemical composition of ST13T

Elements C Si Mn Cr Mo
Value (%) 0.21 0.34 | 045 11.4 | 0.96

Table 2 Shape parameters of preform

Shape Level
parameters 1 2 3 4 5
D (mm) 340 350 360 370 380
T-F (mm) 5 6 7

Fig. 1 FE model for hot forging process
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Temperature (C)
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Fig. 2 Distribution of temperature after hot forging
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Fig. 3 Distribution of strain after hot forging
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Fig. 4 Maximum forging load according to D and T-F
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Fig. 5 FE model for friction welding process

Table 3 Process parameters of friction welding process

Process Level

parameters 1 2 3

E (N'mm) 4.9¢9 8.1e9 12.1e9
F't (N) 1.0e6 1.2¢6 1.4e6
F2 (N) 1.6e6 1.8¢6 2.0e6
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Fig. 6 Deformation shape and distribution of temperature
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(a) After friction step
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(b) After forge step

Fig. 7 Distribution of effective strain
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(a) After friction step (b) After upset step

(c) Finished product

Fig. 9 Prototype of rotor shaft using welding process
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Table 4 Process parameters of friction welding process

Location Yield strength | Tensile strength
(MPa) (MPa)
. Test 886 1,035
Disk Spec. >800 >950
Welding Test 749 901
region Spec. >550 >700
Test 809 961
L >735 >900
500
400
-lﬂ
300 Soaan

? Spec. : 300 %_ [=t=)a )
!m Spec. : 250
5

100

Disc Shaf
. [EF Kl (Q'\‘EM_"ny)
8 15 A2 @ 15 18

Distance from Fnctlon Weld Center. mm

Fig. 10 Hardness distribution of rotor shaft
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