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Study on the shaping process of turbocharger nozzle slide joint
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Abstract A turbocharger is an engine supercharger that is driven by exhaust gas. It improves the output and fuel
efficiency by increasing the charging efficiency of the mixture gas, which is achieved by changing the rotatory power
of the turbine connected to the exhaust passage. It is important to control the supercharging for this purpose. A nozzle
slide joint is one of the core parts. Austenitic stainless steel is currently used as the material for this part, and
itsexcellent mechanical properties include high heat resistance and corrosion resistance. However, because of its poor
machinability, there are many difficulties in producing products with complicated shapes. Machining is used in the
production of nozzle slide joints for high dimensional accuracy after metal powder injection molding. As design
variablesin this study, we investigated the sintering temperature, product stress, deformation rate, radius of curvature
of the punch, and angle of the chamfer punch, which are related to the strain and shapes. The goal is to suggest
a forming process using Nitronic 60 that does not require machining to manufacture a nozzle slide joint
foraturbocharger. Accordingly, we determined the best process environment using finite-element analysis, the
signal-noise ratio, and the Taguchi methodfor experiment design. The relative density and hydrostatic pressure of the
final productwere in accordance with the results of the finite element analysis. Therefore, we conclude that the
Taguchi methodcan be applied to the design process of metal powder injection molding.
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Fig. 1. 3D modelling shape of Nozzle Slide Joint

Table 1. Tensile properties of Nitronic 60

Sintering condition
Type | Sintering Sintering | Lubrica
temperature Flow stress curve [MPa]
o atmosphere|  nts
[€]
— -0.2695
1 1290 =1552.03¢ [MPa)
Non- | — -0.2223
2 1310 Ar | dition| 0 = 1431.57¢ [APa)
-0.2727
3 1335 =1568.48¢ [MPa)
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Table 2. Hardness test results of Nitonic 60

Fig. 2. Modeling of chamfering process at punch angle

Table 3. Relative density of Nitronic 60
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Table 4. Design Variables and levels
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Table 5. Z,(3') orthogonal array

Simulation no. A B C
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

Table 6. Finite element analysis results of Z(3")
orthogonal array

Simulation no. Stress Strain HYSTOSt?ﬁC
(MPa) (mm/mm) p(:;}s;;)e

1 1620 124 1686
2 1810 1.94 1842
3 2400 456 728

4 1790 1.84 2344
5 2110 3.50 2380
6 2390 3.17 1550
7 1770 1.78 2480
8 2110 3.50 2350
9 2370 5.53 724

Case 1( Case 2(

Case 5(2110MPa) Case 6(2390MPa) 1800

Case 4(1790MPa)

1200

Case 7(1770MPa) Case 8(2110MPa) Case 9(2370MPa)

0.000

Fig. 3. Each case stress distribution by finite element
analysis results
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Fig. 4. Each case strain distribution by finite element
analysis results
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Fig. 5. Each case Hydrostatic pressure distribution by
finite element analysis results
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Table 7. Relative density of molding process

T Stress Strain Hydrostatic
pe (MPa) (mm/mm) (MPa)
Case 9 2370 5.53 724
SN ratio 2300 7.16 708
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Tolerance
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12. Finite element analysis results and compare

Items
Bore
(mm)
Horizontal
(mm)
Vertical
(mm)
Height
(mm)
Outside
diameter
(mm)

Table 10. Specification of nozzle slide joint
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