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Stir-casting Process and Mechanical Properties of Forged Mg-Zn-Y Alloys for Piston
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FEEAL2RKD 5N 5 WREBIHE 2 b Y A OJEH IR
0, KIROBEBEME~ 7 % v o A A5 - #aE o
Wik I Z 75 > 7z, RGN % 85 72 MgeeZn,Y,
(at.%) A&l Zr 2WMIL, KiSoi & it L7z, &7z, A4
vy My — 2 AKE R X RS B B a Tk
EHOS Z LT, WiresisR b &2 Piib U, B¢ 335
mm, =& 850 mm DT ARA > Ty N OB L %
X > 72, WIZEEE 100 mm OB A 10 THRAIH
YA b BRI IRIC 8% U, S80S i % o0 BRI R A
U7z, WA 5 573 K ORI E T, sl 7 LI =w ad
SEMA DG, BITREEMSD I LN TE . Bk
523 K T?D 0.2% fif )11, €2 b VIZefibh 2 S 7
LI = A5G4 A4032-T6 MDD 2 f5 & % 5 209 MPa %
R L7z, BEFEIEEORNITREO BRIV E L,
TILIZYLABEDRT70% EWRETH 72 PLEDZ &
5, Mg-Zn-Y R#ECEASITHIE, “ g J O
Y2y oz k2 HMERP MR Lo, EFIC
BYEMBE LTl Tx 5.

Research has been conducted on a high-strength,
heat-resistant extruded and forged magnesium alloy
able to be formed into large-diameter ingots, with
a view towards application in pistons for internal
combustion engines, parts in which weight savings
are sought. The addition of Zr to an Mg,Zn,Y, (at.%)
alloy with a long-period stacking ordered structure
phase refined the crystal grains. In addition, the use
of a new casting method in which the ingot case is
rotated and the molten metal is agitated helped to
prevent segregation and the coarsening of the crystal
grains, in order to make it possible to form large
ingots (diameter: 335 mm; height: 850 mm) for
extrusion displaying fine and uniform microstructures.
Following formation of extruded pieces of 100 mm
in diameter at an extrusion ratio of 10, dummy piston
shapes were forged, and the mechanical properties of
the material were measured before and after forging.
From room temperature to 573 K, the developed alloy
displayed tensile and fatigue strength in excess of
commercial aluminum alloys. The alloy displayed a
0.2% yield strength of 209 MPa at 523 K following
forging, approximately twice that of the high-strength
aluminum alloy A4032-T6 that is used as a piston
material. The addition of a high specific gravity
element had minimal effect on the alloy’s density,
and reduced its weight to approximately 70% that
of aluminum alloys. Given the above, the developed
Mg-Zn-Y forged alloy can be considered to be an
extremely promising material in terms of realizing
fuel efficiency and performance increases through
the achievement of weight reductions in automobile,
motorcycle and power product pistons.
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VI3 ARSI EREEMR Y, REERESRT
bBHTenoaEE, “imFl KOFHEROARES,
EEMEANOEMBHF ST\ b. 20T BRI
JEREE (long-period stacking ordered structure: LPSO) fH
695 Mg-Zn-Y RAEE, MM CAERGEL, MO R
tHFE2FB TS5 T LT, TORERFEN RS HEOFL
*PUHR&D £ ¥ 4 —

M ET3zZenmonTng Y @ UhrLhrns, ¥
Z b T A B & RO R 551 5 BT 2 B h
KRS, T a85ET 2720 DKREI 4 v Ty b DSk
OWEE 572, KA v Ty b Tl O B
RN Y I WS AT IFEEE L, R O R AL R0 B [ R AT
EEU, WEEEMPTEEWEZDTH S, ZTORE, /N
HERER 20 5 FREL L TikBR 2 B Z 75 - 725 IR R0 57 5
BisHL, FoaEMmMEESE2 N TELRL 5.
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ZF ZCARMIZE CIRMMEAT L I = 254582 5 50 X
oG HME~ 7" 2 > o A5EDOMBEEHME LT, KA
vy b OGS E S TE, Mtk & OHE SR A i
DA

2. AREAEDMEFE

Mg-Zn-Y REEI T MM SE, BN L2 Ed Z & Chit#
TLIZYLAEEBADMERMNEE2BH2 L8 TES.
$53E BMEE O LA PaR i i 2, o TR L,
I, fESRIL, Y 28y Rk 2 ORI TH 2 P
W T, EHLD 7D IS BRI & KB L ThL L6k
WKL T H 5 LPSO M & it s ik, AEEAL
T57280, HROTFETITIHEE § 28, L2552
EMTELV, 2T, §i, MM LO#EED =201
P T TENZThOME 2D 7=

AN FELAR LR D S B, KRR & RO ¥’
fLICEHH U CEEIc 3o 2B % 5 2 7 - 72, AR
L~ 2> 2084, #7020 2%, oS
ISR, BRIE I IS A E G A E N C ) KRR T
R TR AR O & LT & b Zr 250
T3 2 & TRESROMANLZX 572 X614 vy b
-2 hNEX R, F— ANORGEEET 5 2 & TR
ONEHE % [X] > 7z, & 7z, B SEUEE 5 AR EER L, 4
YTy bRDASRAREEEES & 2 D, F ZISEE L 22 SR
/Y T E i AR IEI L T £ &l S S MW B i = A T M A
% F CTHUEED S OFEE A IIHIT 5 Z & A TE, BEENRE
SEEE T CEEM NS Z 0 KRR TR T 9 B 20, BRI
MO KIEEIRA AR T % 5.

K, BROMHA ¥ Ty b 20 L OOk, &0
THHINT. U T, ABARA SO IEAN 2 bRV % R
L, BBEO~ 72>y 6f8%, TLI=ZY 258 L HKRE
Bl

IRPRICE Z b VEBIZRICS0E LRl 2 6 2 2 > 72§
TR AV BOE K bE, BIRFFIEIC 2 BB AR L, Bk
PENTRER I TTELT L 3 = A A4S0 T 5 B % 132
L7-.

3. RBR7E

AREE TIEHRM E LT MggeZn,Y, A8 HB LV
Mggs s Z1,Y 21, B4 % W 72, AL i R o R
fili% Table 11I/RY. AMRSFEIE Fig. 1184 -V 7 —
T EFRL ZERERIFNTE Z k572 Ar H AR
F i R A RS S TR EL Y R A OISR L, TR
335 mm, & & 1200 mm OEEA ¥ Ty +Fr—ZITEEE
%200 kg WG T B ERIICA >3y b — 2 Z AR
L7z, SHRSIEG ORI 2 <, SIRICHERT % 5 404

Table 1 Chemical composition of Mg-alloys used in
this study (at. %)
Zn Y Zr Mg
MgeeZn,Y, 1.96 2.10 - Bal.
M5 6ZNY2Zro.» 1.93 1.85 0.27 Bal.

ZARETILCYEL 72, MEE 30 rpm, KRR 35 T
BT £ T Ik o 7. ERICHERO WA YTy
MEFREL. 4 YTy MIRERE 305 mmicE - v
%, 623 K THEAE 100 mm IZHIHIMIT L 7=, &ZRICH TS
ExEZTA4 AL, 1000 ton #HET L AT THMULE 598-
783 K12 30 73 fHt%, ¥ 2 b UBIBUBIRIZESE L 2. &
A v 3y b OFHliE Z OMENTH 2 FHER S 77 X Rk
Z3Mr (Inductively-coupled plasma emission spectrometry:
ICPES), Jt& B (Optical microscope:OM) % fivy, {L
FROT Tl K USEEMBIR 2 B 2 a5 2. $dk KU
T O BANIIRIAR X BRI (X-ray diffraction: XRD),
I AL X —E0 X #2530 (Energy dispersive X-ray
spectrometry: EDS) Clal® U, ffkidEATE 7 Iames
(Scanning electron microscope: SEM) %2 CHERE L 7=.

PR PR 5 R, 5 RIEMEE bk KO ) —
TERBRIC TR U 7z, 515, PATERE 3 mm, FERT
MEEEAEE 15 mm ORUNRERF 2R & - 72, 51RaER L, &
M 5 X 10" /s, iRBRIRIE 298-573 K D&METH Z AW,
WESTERERIE, ST R = -1, IE%0% 20-40 Hz, ##0 X LK
ek 107 813 & OVRBRIEE 473 K OZM T 3 mm,
TR FEREE 8 mm OUNRER TR E AW Tl 255 7.
271) — 7RI AT 3.65 mm, FErRIEERE 28 mm D
INRERF IR A2 RV, 573 K, 50 MPall Tl Z 4 - 7z, #h
{REEI3JIS R 16111Ck BV =7 T v ¥ 2k, Bk
FREUE JIS R 1618 12 & 2 88 prik, Y v 73813 J1S
Z 2280 \Z K B E L, WIS Z 8807 Ik BT L F
AT AP TEHL, BEFHRE & PR U 7z
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Fig. 1 Method of ingot casting in vacuum melting
furnace using turntable
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4. REERCER

4.1, 8BS >0y FOEMN

411 L= 2

FREHRDA VT P OILFERST % S Hr U 7265, Ml
BOBNERETHE LA Ty P T, 4 VT y MK
25O E 270 mm ML EORE T Zn & Y 23R L, 2.00
at. % OHEMEORFRIR 2.25 at. % #H A2 Tz, fliflift
HETHRIMU 72 Zr 1358 & 140 mm f7EIZ3(L L, 0.60 at.
% HHEA Tz, Zn, Y IZSAHORERITETH D, 1~
Ty N ORFKEEEBISELL 28 DEHEZ NS, ZridE
Al CHEVARR MK LLEA 6.52 L & 728, KIFRS 1 E
TEiERE I Lz DeEL6N5. —7, HPFHEL %
LDEREAMDIME &, BEMKD 10% LINOFFAR
NERBIFTh - 7.

4.1.2. SEEHER

Mg Zn,Y, 51 LU Mggs sZn, Y, Zro, 584 ¥ Ty b
FOD S X RO SO Z AL A A oE & &
® Fig. 2 158, IO W ERETHIE L 72 Fig. 2(a) O
MgoZn,Y, &4 ¥ T v b TiEE & 530 mm WE Ll EOGH

MggsZn,Y >

270 mm 400 mm 530 mm 660 mm

140 mm

10 mm

Fig. 2 Optical microscope images at various
distances from base of ingot:
(a) Conventional casting; (b) Stir-casting;
(c) Conventional casting with Zr; and (d)
Stir-casting with Zr

BCHRERRE 2 mm DL EOMH KB AN, —JF, #i
FR#RE U 72 Fig. 2(b) D MgeZn,Y, A4 v Iy b TIEE
SHMEDHIKTEEHRZIE -ThHdILrnbnrs.
ZHUTHRIE O 20 WHERE TGRSR HIRE A & LE &% 7213
FUDERBIZI 2V 5 < D L BT 5 728, R EER R 23
KT % A3, HEFPEEE TIBERE D Frllf 23 B ER I R 7
5 FCRIET 5728, FEEEOEEEBERNITEIFR TR T L,
R & by 2 33 5 Z & 278§, [mRRIC, fERETEE
i L7z Fig. 2(c) d MggssZn,Y,Zrg, B4 ¥ Ty F T,
SFEIAE O & 10 mm A& T RS SR O ML 23 A 5
N3 H, EEICOS TR L Tw3. —J, #EEe;
¥ U 7= Fig. 2(d) O MgessZn,Y,Zro, B84 ¥ Ty F T,
E O & Ik T REARRIER 0.1 mm ISHL &, A
DYE SRS S T 5. o sk akIC b,
ZLL WML 2T B Z &2 5, BIREHE AR DI
HEANDFLGERENEEZELIONS.

DEoZenrs, 4Ty FORELIZK23ETH >
7= RS ERDL A L &AL AR DR AT ISR U, YEIoHWE
D7 S RAPRE R AT 5 2 & T, Zr iREiR %2 &
O fGaR I L & MR OB IG5 2 &N TE -

4.2, #RHM DB

4.21. 3 7 OfE%

MgossZn,Y,Zrg, &84 » Ty MHETH% D XRD
e Iy uflfii5E % Fig. 3, Fig. 4 IZand. A&40%
a-Mg, Mg,ZnY (LPSO) #l# L O Mg, Zn, Y, M2 6 %5 1),

Y Ascast
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Fig. 3 XRD patterns of MggssZn,Y,Zr,, alloy before
and after extrusion
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AT THRIREIZZD S v, LA LAaD S KHOF
REIZH e 5. LPSO MHIZHH AT TId Fig. 4(a) I3 &9
IZEDRIZOA LT 503, il 8213 Fig. 4(c) ISR § &5
IS A RNCHE L T 3. — 7, MgsZn,Y, FHE Ay il
1213 Fig. 4(b) @ & 5 1THIK 2o H AR, & 75328, Y
#I2 Fig. 4(d) © &S 1297 3 7 a v Ol kR LRk
LTS,

4.2.2. HEHAEE

Fig. 5 2B 9 mm DFEERE T — & (small test piece) &
G, MgeeZn,Y, B4, MgessZn,Y,Zrg, B&IZKT 5 0.2%
it 13 (o0,) DA 6 573 K % TORBRULE RGN %7
¥ A & U TR E Y 2 3 v 484 WES4-T6,
RZ5-T5 5 XU 7L 3 =% &84 A4032-T6 D 0.2% fif 11

- MplEn,Y

N MgiZngY,

Before extrusion After extrusion

Fig. 4 Microstructures before ((a) and (b)) and
after ((c) and (d)) extrusion; (a) and (c)
shown at low magnification and (b) and (d)
at high magnification

500
—@— MggssZn,Y 271, extruded
—O— MggeZn, Y, extruded
—— A4032-T6
. 400 \ —— WE54-T6
o -7 " RZ5-T5
E —&— MggsZn,Y, extruded (small test piece)
§ 300
£
<)
&
s 200
[2]
kel
2
>-
100
0 1 1 1 1 1 1

273 323 373 423 473 523 573 623
Testing temperature, T/ K

Fig. 5 Yield strength of Mg-Zn-Y alloys compared to
A4032, WE54 and RZ5 alloys

ERT. ARBASEBEHNE~ 72 v Y 2580 R
AHATOBIFThL, A4032-T6 DFEMEA &L T
W5, 523 K Ti2 208 MPa Ll k& A4032-T6 O 2 5,
573 K TIiE 3f5EV 0.2% i 1A FH LT\ 5 Z LidfegEd
NETHDH. 72, 473 KMLETKELBEKTL TS
A4032-T6 125 L, 523 K £TMg-Zn-Y RA & TIE A
R T 23R8 & sy, Mg-Zn-Y SRAa s ok 23
Wiz DIFEE®E AR L, 573 K TF QMg 3wifs L ¢
W3, ZIZT, ZOWEBRR A MHT 5728 298 K & 573
K D MgossZn, Y, Z vy, Ar&IZ 361 D ETEREDEW % Fig.
1289, Fig. 6(a) &AW 1 v 7 & F Dbl ¢
& 503, Fig. 6(b) IZRHITRT & 5 Lhbabbiftt & &35 5%
KEuAA FEBRT 2 AR EERT 7. 473 K £
TRT 4 VT EGOHR AL TWbZ &6, 523-
573 K O CTHHEIEENZH O R ABHEICIED & 5 55,
RENRENE DN ERET 2 LS 5.

WIZ 473 KIZEF B MgessZn,Y,Zrg, B4 OFE 37 g H

k% A4032-T6 & Jbi#E L, Fig. 7 129, Kho&ENZ 107
M %482 T ABEWORE 27T, T4bb, A4032-T6
—YLAREEE

D& D BT IR & WIREIZ /N & e 7L 3

Fig. 6 Fractured surfaces of specimen MggssZn,Y,Zr,,
alloys at (a) 298 K and (b) 573 K after

extrusion
180
O
<& A4032-T6
160 |
(o2 @ Mggs5Zn,Y 2210,
o 140 | o
<o
2 120} ° S
g &
g 100 | L
E %o«gﬁv
g. 80 |-
©
@ 60 |
o
@D 40 f
20 L R=-1,10-90 Hz, at 473 K
0 ' : '
104 108 108 107 10°

Number of failure cycles, N/ Cycles

Fig. 7 S-N curves of A4032-T6 and stir-casting
MggssZn,Y,Zr,, alloys after extrusion
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W Mggs sZn, Y, Zrg, DI HERTRT & 5 & 100 MPa
PR AR . Z At A4032-T6 @ 107 [HiZ k1) % 85
MPa %% % & & 412, MFHGICHE L X5 10° [T
BEOERBENEOLNS &IN5,

BEOSEM T Oy TCiEA ALY 2y bR EDHH
FRECE Z F VIHESOWREK T 2 X > T35, ZOmAl
ICBRRANH D, 573 K U N Dt EPES B LB AV
2 b Y OBEAIZH 72> TR RE IS A 7 ) — TilE
O e pEE 5% %2 T, Fig. 812573 K, 50 MPa
B TOEMR2 ) — TREE R T, Mggs sZn, Y, 71, B4i3
A4032-T6 I L, BRMDODH B2 ) — TS 42HT 5.
ZHhERAREEHTH % LPSO LA ki R4
DEMHIL, MEXRICEDBEEELT 22 & T, @il
WD) — TR T 5 Ll X h T 1Y,

ZD X ST, MgossZn,Y,Zres A EITFEM Y 4 X DRI
HHMIZEBEWTE A4032 12K S5 EmEHE 7L I =
Y AEEOERNEAEA 5 2 E WM TE 2.

4.3. $BEM DR

4.3.1. EERE & S R bE

Fig. 912 MgessZn,Y,Zro, 8% ¥ A b VBT 8
LU, JeeimaNE L 225 (Fig. 9(b) 1+ 773 K TD
27w 7TR) %, Table 2 IZ#GERIE & #GE R BOBIRZ R
T.613 KT TIZZ 797 ERTBTAEMNIEL, 623-
748 K THEERMGD 5 VAT 5. & 512 EmD
773 K TiZo 7 v 2 Bl 5. KRR KR K 33w E)
Ao EREREZEZ 5028, BRI TOr 5 v 73k
FIZHi->THECTWBE Z En b, MILREEZ XD RFRIZH
U 72K AR L RAE L2 D e st h 5.

4.3.2. 5|3RE S

Fig. 9(a) I ¥ 2 b v BERZ IR $BGE % O MEWRS & 513k
RERF BRI i (R Z#), Fig. 1012 (a) 298 K, (b) 523 K

100
90 =i A4032-T6
80 —@— MgossZnyYoZro 2
:\c? 70
© 60
£
g 50
7]
T 40
<
(@) 30
20
10
573 K, 50 MPa
0 A i 1

0 20 40 60 80 100 120

Time, t/ hour

Fig. 8 Creep properties of A4032-T6 and stir-casting
Mggs sZN,Y .21, alloys after extrusion

Table 2 Relationship between forging temperature
and forging defects

Forging temperature Forging defect

(K) Crack Unfilled
598 existence | existence
613 existence | existence
623 none none
648 none none
673 none none
698 none none
723 none none
748 none none
773 existence none

FUREIZ BT BEIRAE (0p: BIER X, o9y 0.2% i 11 %6
KO §HT) /89, 523 K Diif )11 209 MPa & Fig. 5
D A4032-T6 M F D 2 fiE WV E WA /R, Fig. 50
MgossZn,Y,Z 1o, A O3z LT, #EI2 kD
20 % VK N R 6N 5. 75 7 ORISR O S R
FRHEE 2R RIS LR L ICXBIZK T T 5. Z
DRI DNT, I 7 oS LD BT 5.
4.3.3. T 7O

Fig. 11 128 RT SRS 12 B 1 B 8GR O K 2D
=S 1L T '3 iy (1= Ol ol N5 [ QI (51 s A I
BHEL TS, (a) D648 K Tl U AF-7~2 E T
B OHMFIZED ABIZR XN 523, (b) D 698 K TIZKHIES

Fig. 9 Forged pistons after penetrant inspection:
(a) Location for cutting of tensile specimen;
(b) Cracked piston after forging at 773 K
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TRENTW S & il A i E R LIZC® 5. (c)
O 748 K TIZFHHD o-Mg I 4R T RS SR Tl 72 X,
TR O KRR E L TWB Z Enbr b, XIZ, N
SO ARG G TR T XD A § XD RIZHAEKIEGEH
THEU 3720, FfGEOERIZ & 0 51RO
BENBZET02%IMIOITHRT 5 &ML, ok
B OORE & S OB R & FX Fig. 12 128 L 7=, i
S O EE W A XRD TRHT L, 7S ORI O
Y — J BRI A RO ¥ — 27 38% Tl > 7= % 100 £ LT
WU 72, S8 TR RS A 1 AS B IS pE VS I BT B IR
L, Fig. 10(a) @ 0.2% i/ OAK M & 5E3 5.

PLED X5z, #oEKREGE PSSO A3 200 623 K D
EVRETHEE T2 28T, AMOR2EET LI = 204
DRI 2145 & % % 209 MPa (at 523 K) Ofif 11 & 35K T & 7=.

4.3.4. Mtk Z D1t

AN AR & U T B2 Mggs sZn, Y, Zrg, £ D FA

400 80
(a) Testing temp. 298 K
& 300 1 60
= <
- 2
5 -
[=)) c
c 200 | 4 40 ©
o ©
= —0— O3 o))
© 5
@ —O— 002 i
S 100 | 0 |10
A k-, -A--—""" -4
O T T T T 0 . .
598 623 648 673 698 723 Fig. 11 Microstructure of forged MggssZn,Y,Zr,,
alloys: (a) 648 K, (b) 698 K and (c) 748 K
Forging temperature, T/ K
400 80
(b) Testing temp. 523 K —o— o3 100
—O— Op2 )
s 300 |- ~+- 35 |1 g0 3
< o g
© e . Py L o ©
= “© 2 50 %
-— > - —
2 200 |- O\o———o\o {405 2 &
(g © 2
B 2 kS Basal plane
S =)
2 100 A . 420 g
-~ 20 -
Aeo_____ & 0
0 T T T T 0 0 1 | 1
598 623 648 673 698 723 623 673 723 773
Forging temperature, T/K Forging temperature, T/ K
Fig. 10 Tensile properties after forging: (a) 298 K and Fig. 12 Relationship of degree of texture and
(b) 523 K testing temperature after forging
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Table 3 Characteristics of stir-casting Mggs sZn,Y,Zr,»
alloy compared to commercial aluminum and
magnesium alloys

Thermal Coefficient
conductivity of thermal | Young's .
Alloy (W/(m-K)) expansion | modulus l()ker;;l?)/
at208-573K | (GPa) |9
at473 K | at 298 K (1/K)
Mgsos.8ZnoYoZroo | 89.8 72.4 25.4x10°® 46.9 1920
A4032-T6 141 21.5x10® 73 2690
ACBA-T6 (JIS) 128 125 21.4x10° 78 2720
AZ91D - 51 27.2x10° 45 1830
WE54-T6 - 52 24.6x10° 44 1850

SRR EMEIZ DWW THE L 7. Fig. 1312503 K, 100h
BONBETF A A4032-T6 & HHL L 72, A4032-T6 O 33
2534 X10°% LN, 525 13 X 10°% LIERIT/hX
BEBETSH 5. A4032-T6 D & 5 A (L o HLkk I
U, MO Mg,ZnY (LPSO) % & U Mg;Zn, Y, fHiZ
NS & B ARRIERSA L o hhwREi e nwi 5.

WAZ Mgos sZn, Yo Z 1o, DB DFER M % Table 3 128§, kb
k& LT, B 7L 3 = 4464 (A4032, AC8A), FGH
<73 Y A64 (AZ91, WES4) OFERE AT, Hl2 1Y
2 b v EDE B RGO G & B 2 22w A
PREDTI CTRRE & 25 2 B, B~ 129 208
EHIRLTRELWEINTE D, K RIS E
SN/ BWEREB XYV Y F BB 2w A8
GLRHLNLTHY, BHTILI =Y 288K D{KWE
PETH BH, EIH~YZ 2> A8&8RBRISNE L,
TLAIZTALAHEED T0% HETHOHBHESFOL Vv
MO ELPIHFTE 5.

F 72, Mg-Zn-Y RBEASIZL D EZ v Ol 523 K
TOHMAKIEITRERTIE, A4032HE 2 b iz LY 1.5 1%
(107 1) O A b A fifE R ¢ & 72

50
= After 100h at 503 K | B Cross-sectional
f;\ direction
% 40 Longitudinal
E direction
B
T 30
©
>
©
5
2 20
C
(0]
£
©
S 10
[0
T
o

0 1

A4032-T6 Mdos 6ZN5Y2Zro

Fig. 13 High-temperature dimensional stability of
A4032-T6 and stir-casting MggssZn,Y,Zr, ,»
alloys after extrusion

5. &8

IR R INE Y 2 % v o APGEA ST X B a0
HALZ A, BERERLRE & B8 L 72 Mg-Zn-Y REE DM
EEERFEIC DOV THA LA, DT Z &AL 72,
(A vTy by —2%RERXYE, ¥ — 2ANOED %A

BT 2872 B E2ME L2 ZORPEEC
K0, BAEROMEEZX S & & & ISR EEEZE Fic
%% F THAEED L OFEE AR5 Z & T, EE
#e Z B mAT R A s R R L A2 Bk U, B 335 mm,
& 850 mm OFFHIAEA ¥ Ty b O EAL
el L7=.

(2) FREOMMEE A > Ty b ST L7 Mg-
Zn-Y ZMHA SR, #5573 K ORI
TRHAME~ 27 3 v 258138 B AA, IWET L
I LS ERABEIE, WY, 2 ) - TR AR
L7 bz B L T, JEE 7L I =Y 28480
70% EKILETH 72, 7=, FEDO—-DOTH 3 Ez:
HE I~ 7 2 v o858 EKEL LR, @ T
LI ABREIEDITBET ENTE .

(3) B KB & RS SO ER AR A U 7 623 K OfIKW
W CHET 5 Z 2T, 523 K OERKEIZEWTY
Z b VIS ENS A4032 FET L I =T A/ED
¥ 2f5k % 209 MPa DIt 11 &%) 1.5 £ O 97 g
BRI TE /2.

b &5 IS o RILEE 2 28, KAE64ERE
Z O BAF 25 @il A S, TR0 7 R O 8 A7 1%k & ok
Lzt e+ 52T, WEHESD 30% 2% 28R
LR e R O>ALBEAEE LT T 5.
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