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ABSTRACT

Turbocharger is a device for increasing the power of a vehicle engine. The control plate is the main
component for fixing the vane of the turbocharger. Now, the control plate is made of austenite steel cutting
after the casting process. It has excellent corrosion, heat resistance and mechanical characteristics of material.
However, present the process is made by cutting after casting. when cutting is processed after casting, so
materials, processing time, and processing energy are lost. Therefore, this study proposes a process to powder
compact use of stainless steel Deklak2 and to minimize amount of cutting through net shape process. The
mechanical properties of Deklak2 were verified by tensile test, hardness test and relative density measurement,
and the governed equation was defined. Also, the curvature radius 1, 2 and the density, affects the shape,
were selected as the design parameters, and the best process conditions was proposed through the Taguchi
method and the evaluation of SN ratio. And then prototype molds were fabricated and compared with the
results of the finite element analysis for the verification, and it was found that the tendency of relative
density and dimension was coincided. Therefore, it was found that the amount of cutting can be minimized
by only the net shape process after the sintering process and it can be applied to mass production.
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Table 1 Tensile properties of Deklak2

Sintering condition

Type Sintering Sinerting |Lubric| Flow stress
temperature
[C] atmosphere | ants curve[MPa]
1 1220 At Nopn - o =130497¢%
2 1220 Ar additi 5 =1324.65¢"
3 1220 Ar on 5 =1336.60¢

Table 2 Hardness test results of Deklak2

Results according to the depth of the
specimen( H,,, mm)

05 | 15 [ 25 [ 35 | 45
243.64 26023 250.73 249.42 250.73
27552 27176 274.01 281.71 271.76
25542 25206 25542 259.54 256.10

Type

Table 3 Relative density of Deklak2

Average
relative
density

0.971
0.974
0.967

Theoretical
density

Average

Type density

1 7.402
7.423
7.367

7.62
7.62
7.62
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Table 4 Design variables and levels

Level
2 3
Variables
1 Radius 1[mm)] 1.5 1.6 1.7
2 Radius 2[mm] 0.3 0.4 0.5
3 Relative density 090 094 0.98

(a) Lower radius

(b) Upper radius

Fig. 3 position of radius
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Table 5 Lg(3'1) orthogonal array

No. of simulation cases Radiusl Radius2 Density

1 1.5 0.3 0.90
2 1.5 0.4 0.94
3 1.5 0.5 0.98
4 1.6 0.3 0.94
5 1.6 0.4 0.98
6 1.6 0.5 0.90
7 1.7 0.3 0.98
8 1.7 0.4 0.90
9 1.7 0.5 0.94

Table 691 ’é“ﬂ &)
A3gE HERH AT
FE25E, FEHIEE, 95, A4l wE AE
A4S Fig. 4, 5, 6, 791 JeERAA oW, A Aw
EE AR AZAA AL & o,
2ZAA ¢ 7‘37“011 Z}%o}“ HAd &8 @2 Zol7t
A A

Table 6 Finite element analysis results of Lg(3'1)
orthogonal array

siiﬁiagfm Stress Strain Hgfer;i:?etlc

cases [MPa] [mm/mm] [MPa]
1 1410 1.16 475
2 1240 0.69 739
3 1160 0.54 526
4 1460 1.37 851
5 1260 0.73 993
6 1120 0.51 338
7 1600 2.07 1170
8 1210 0.66 610
9 1160 0.53 422

Case 1(1410MPa)

)(/ \\ «V/ W e
Nty | e | Qe

Case 4(1460MPa)
507 \V} (‘//\\3\ f// N1
| W \\ w ) W
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Fig. 4 Each case stress distribution by finite element
analysis results
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Fig. 5 Each case strain distribution by finite element
analysis results
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Fig. 6 Each case relative density distribution by
finite element analysis results
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finite element analysis results
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Fig. 9 Shape comparison

Table 7 Weight comparison

Theoretical
Existing sintered . core 102‘1 Proposal sintered
. sintered weight .
weight [g] o] weight [g]
197.81 197 194
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Table 8 Finite element analysis
subjected to tolerance

of

sintered

results of sintered

Sintered Stress Strain Hgfgs:&?gc
height[mm] [MPa] [mm/mm)] [MPa]
10.4 1510 2.20 1780
10.5 1610 2.17 1810
10.6 1320 1.11 2490
] Jtems| Stress [MPa] Hydrostatic Pressure [MPa]
:::,ght Upper Mold | Lower Mold |Contour| Upper Mold | Lower Mold [Contour|
MPa //\ MPa
2000g| (Y 2000
- Q@O @ =i
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A~ | 12505 = 875
105 () 1000I (@), 13 500I
o @ 750 \/ \@/ -125
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@ 77—
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Fig. 11 Finite element analysis of mold with
tolerance
Table 9 Finite element analysis of mold with
tolerance
Stress Hydrostatic
[MPa] Pressure [MPa]
Upper | Lower | Upper | Lower
Mole | Mole | Mold | Mold
1340 1320 635 887
1340 1850 343 1120
1940 2170 707 1190
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Table 10 Element analysis results of prototype Table 11 Results of compared simulation and the
sintered actual product
i Simulation Real Error factor
Stress Strain Hy?éssiﬁ‘;lc Items [mm] [mm] [% ]
[MPa] [mm/mm] P[Mpa]
Diameter 16.58 >16.42 0.97
1350 0.99 615
Height 2.63 2.56 0.03
Stress (1350MPa) Strain (0.986mm/mm) Inner Height 1.55 1.52 0.02
MPa mm/mm
1200 1] 1
1050' es?sl RlIfIlegigi?p 0.25 0.26 +4
900" 0.750"
.625 .
ool | o | Lower Radius 0.3 0.3 0
450 0.375
20 "-75°I Upper Radius 0.1 0.1 0
150 0.125]
OI 0l
Lowest Density (0.974) Hydrostatic pressure (615MPa S3le a3 Aol HEAZF X 4= Table 11

100. s ; MPpa

o 100
0.997 y ) N\ o 5l
0.994
0991 / \ 24
o-asal ;z;l
0.984 875
0981 —
0978 & &; 4 v163I
0.975I \ -200
Fig. 14 Finite element analysis result of prototype
sintered

Fig. 15 3D 0.2 ratio modeling shape of protype
sintered
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Theoretical Simulation ~ Real lzeﬁ‘ti‘tve Real /
density density density e[fyi ] Y simulation
7.62 7.40 7.41 97.1 1.001
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