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High Performance Alloys Developed for Turbochargers

Kazuaki Nishino, Hiroyuki Kawaura, Kouji Tanaka,
Toshio Horie, Takashi Saito, Hiroshi Uchida
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Abstract

High performance alloys were developed in order to
improve the performance of turbochargers for
automotive engines by leaps and bounds. The
developed aloysare (1) ay-TiAl aloy for turbine
wheels, which improved the high temperature
oxidation resistance by a new surface treatment and
(2) a heat-resistant magnesium alloy for compressor
impellers with a specific high temperature strength

superior to that of the conventional aluminum aloy,
and (3) ahigh modulus steel for turbine shafts with a
Young's modulus of 300GPa strengthened by the
dispersion of titanium borides. The application of
these devel oped alloys for rotating parts can reduce the
inertia moment (Ip) by 42% and can increase the
resonance frequency of shaft vibration by 44%.

Light-weight alloy, TiAl alloy, High modulus steel, Magnesium alloy, Turbocharger
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Table 1 Target of developed alloys for rotating parts.

Conventional Developed
aloys aloys
) Ni-base TiAl aloy
Turbine | superaloy [0 High resistanceto FOD
whegdl (Inconel 713C) |0 Oxidation resistance
(] at 950 C
<p=7.9> <p=3.8>
Helat rglslistant
Al dlo galoy
Compressor|  (A&5f | O swrength et 150°C
impeller equal o Al aloy
<p=2.7> <p=1.8>
. SCr steel High Modulus Steel
Turbine
shaft  [<E=210GPa>  <E=300GPa>
<p=7.8> <p=6.6>

p : Specific gravity E :Young's modulus
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Fig. 1
aloys.

Schematic drawing of FOD test set up for TiAl

Fig. 2  Effect of impact velocity on foreign object

damage of TiAl wheels.
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Fig. 3  Schematic drawing of surface treatment using

shot-blast equipment.
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Fig. 4 Massgain dueto cyclic oxidation in exhaust

gas.

0000000 R&DOIODODOMOVol. 35 No.3 (2000.9)

oooosohoooOoOooOboooooooobooo
ooooooooooocooooooonno200h
ooboooooobboooboooboooooDo
Oo0oopooooooooooooTAIDOOd
groODOOOOOOOOO0O0O0O0OOOO0O0O00
gobogoobooooboriicobobooooooon
goboooooon
oooooobooooboooooooon
ooooboooooooboobobobooboon
goboooooboooboooboooooobogo
ooooooiocoooooooooooono
oOo0ooOooooooooooocooDoMgAl
gboooooobooboooboooooogoon
oobooooobooobooobooooooboon
0000000000000 MmgdOOAgdNdO
YOOOOOoOOoOoooo2s0°coooooooo
gobooooobooboooboooooogn
gbooboooboooboiooboobooooooo
gobooooobooboooboooooooon
gobooooobooooobooooooon
oobooooooboooobobooooooobooo
gooobobooooooobooooooooboo
oooobooOMg-zn-CaDOOODOOOODO
O(Mm:CeDOS0000000 )OzrOOOO
0 0 Mg-2%2Zn-0.8%Ca-2%Mm-0.6%Zr (mass%) [
orfoooooocoooooooocboooooon
oo0oooooca0DoOoPoooooooDon
goboooooogoooooobog

(a) untreated
(after 50 hr)

(b) WO,-SB treated
(after 200 hr )

Fig. 5 Appearance of untreated (a) and WO4-SB
treated (b) Ti-47AI specimens oxidized at
950°C in exhaust gas after cyclic oxidation

tests.



000000000000465CO24h0 000
0D000200°C02h0 000000000000
0000000 (0000000 ) OFig. 600
00100c000000000000AZ91000
000000AIDOD0DOO00150°CO01.300
0000000000000Fg. 70000000
150°c0 00000000 (100h00100000
000000000000 )000000000
000000000000000AI0DOOOOO

140
g
=
= 120
5]
5 |,
@ 100F "
<@
T \
g . W AZ91
~ 8o} ‘®, " (Mgaloy)
2 =, .'l|
3 ",
@ 60r AC4D-T6 ™,
(Aldloy) *
40 ) L L
50 100 150 200 250
Temperature,”C
Fig. 6  Specific tensile strength of developed
Mg aloy (Mg-2%Zn-0.8%Ca-2%Mm-
0.6%2Zr).
& 80 120
s B |l
3] 100
g g
5. 601 =
hu 180
=1 [hd
j=2}
B
g e I § ° % Je0 g
A E IR
5 D) g. S8 Hao a
o =] =]
£ 20} 2 2 2
g o o], &
0 0

Fig. 7  Creep strength at 150°C and fatigue strength
(10’cycles) of developed Mg alloy (Mg-

2%2Zn-0.8%Ca-2%Mm-0.6%Zr).
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Fig. 8 Dark field image of heat-treated devel oped

aloy observed by TEM.
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Fig. 9  Young's modulus/ specific modulus of the

developed HMS.
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Fig. 12 Rotating parts made of developed aloys.

Table 2 Weight and inertia moment of rotating parts.

Tota |Inertia
Wheel| Shaft | Impellar Nuts| weight | moment,|p
Con\;l?;t)ilonal 62g| 29g| 249 1259 | 11605 gmm?
109
Developed 79 6770
aloy 30123 16 (-37%) | (-42%)
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