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AUTHOR EXPERIENCE

After obtaining a master degree in metallurgical en-
gineering plus one year advanced study, he joined American
Steel Foundries at the Manufacturing Research Laboratory
as a research metallurgist. He was promoted to senior re-
search metallurgist after ten years service.

In the first ten years at the ASF Research Laboratory,

74 l his assignments were to solve the problems in wearpact steel

D production and to develope a super wear resistance steel
Sung-Chun Liu which could be used to replace the wearpact steel in the
marketplace. Thereafter, effects of residual stress on fatigue, quench cracks, and delayed
cracks became his research subjects. The production problems in manufacturing coil springs
up to 5" in diameter, and failure analysis of rail road steel castings such as side frame, bo-
Ister, and coupler etc. were also an important part of his work. He was only metallurgist in
the American Steel Foundries having experience in cast iron. In order to meet the need and/
or to understand the nature of a particular iron in the marketplace, research in austemptered
ductile iron and accicular cast iron was then conducted in his study.

In the thirty years career in American Steel Foundries, he wrote thousand reports and
developed three new steels: SL super wear resistance steel, 1% Si modified grade “C" steel,
and super service steel. The super service steel was invented Just prior to his retirement, and
could be heat treated to various levels of strength to replace U. S. rail road grade steel from
“B” to “E” by a single steel. The characteristics of the super service steel were excellent we-
Idability, and fatigue properties, as well as a very low tendency of hot tearing cracks. It was
patented by American Steel Foundries.

Prior to study, he worked in Taiwan Industry and Mining company and Yue-Lung Mo-
tor company as a metallurgical engineer in charge of foundry, electric arc furnace and cupo-
lar operation. He had a lot of experience in iron and steel casting, electric arc furnace steel
making, and Meehanite Process.
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58 771 B ( Wearpact steel ) 72 B §58 22 5 ( American Steel Foundries ) 2 Fl| 8%
SR> o TE1955— 19754 [ » B 75 B AR (L B Ak L » AR IR A BR L IEHR 88 ( dipper
teeth ) ° — i S G(00 A {E % FE AR M ROSETR L » S A » B 0E R » MEAT 98 it
EESHRES(S FI R TR o 580 TR B M BORE L (32477 H, » 10 H.—40° F E KR EE#15f1-1b ( 20.3
1) o [RES19704E7 » FEEMEEEAR A SR AR - B EREET % » EEEMA
) BRI AP 0 5 A P O P T S S o B 5 ) i P S A BN D S B R TR A R - 1
M Wearpact Pty Ltd #25RERGFHM A T8 - WRERELE L8 AENRIRE o 58 s o 1 S
W LI FOSERE VRS B FIAR I  PEIR —EIECBHSWBR » FFomLIIFE R SRR TRER KR
548 T P

1.1  THATHESR LB K5

G I AR P SR SR S 0l - S EEWIMEL 0 S LBRS MR 1-1 o (LRSS
R PG K » TEERER S TR Z A > 90T RS AERE R 444-512 H, FEEFI15-22 1t
-Ib —40° F EIX#EE ( Charpy impact strength ) ° QTSEERA PS> » BEER477 Ha B8 ft
I T I R T R B TR B o

#F 11 NS LR s (%)

C Mn Si P S Cr Mo B Al
0.25—0.31 [ 1.40—1.65 | 0.32—0.48 | <0.02 | <0.02 | 0.75—0.90 | 0.40—0.55 | 0.002—0.003 | 0.04—0.07

1. Bx

BRAEFNSRSHANSE M ERR1L YY) » BB BT - BlnmLEE ~ Bbés : BRETy: - f)
O tsa e - WAL o 38 BRALYREEE RUAH o FRAF0.25% C B » B REF]444H,
LT o B i BRa % oK0.18% C 5 /7S » HALILBR A » FEsEm » g
395—410 He * MRS » (15016 LTS o AURBRER0.31% C» &HIM
R AT i 2% 12 B ALY ( Undissolved carbides ) © 38 H98 f5 {AREBAL €N T HEE » ¥
HAREBAAAE A8 5 (EAE S MEL/EA ( grain embrittlement ) » Bt 5 FC 81 B2 R4S » 5%
AEBITE—40°F #IE156t-1b Z K -
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S 422 7 7 7 5 89 9 % EME ( hardenability ) JG# o 56 /7 it 6 ) B ARBE AL LS (ideal
diameter ) 3% 6 5 ( 15cm ) 2% » KIS R SEEEMACHY - BIERK - SRR ALY o EEAEM P
R S TSR » SR LSREE » fEBURAL ( austenitizing ) B » YEMR/EBLICH (austenite )
B v SRS A IS ( martensite ) TR £ B2 A o MTRE#ZE D EH 1.40% Mn 4
E3B1.40% Mn » PEBEPERLA KRR

B EREEAEIEI K ( tempering ) S » REFLIE FCREATH > BURTRILERELIR, > ERIR » BA
[ K 8L A T 5 o AT 2 1.40% Min BE » W] AE3E IS I AN BLECRE ( bainite ) IR & &A1
SER > DA RETT G » S T AE ST TR £y e R B8 4) o P IS SRR » A {ELTRE JEE [RRAIS. > T LW
W S 5 M5B .65% Mn B o BEIEE S o QSRR o 7 LA S G A 43 29 A0 43 1 54 7 Dok S
o o
3.1

hEE Sk E - 2 LTSN ( deoxidizer ) Z— » MIRME IR F AT » RIS
A AR RTL » BEEE 22 ( soundness ) FIBSHEMERE « RYREAE BLURILIE - VEIEAER
FCHB Y » MR AT ( ferrite ) MUBREE o 36 RIS £650.32~0.48% * 16/20.30% Si ¥ » fiE
T 850 /i PR 2 SR SR [E] ( TTT diagram ) HUSRERP}ZE /58 » SEBREINT U Bl AL

( free ferrite ) EEAR MG o phy S AIURE RS TE S AT AR o ORI N B b5 7 1 IS 480 o2 ) 3¢ fok
{6 o 20150 58 DTt S0 S80.48 %% Si I » Y245 T KT ABE AR 1 e 8 6 s RE AR L

PERRER S » 160.70% — 1.65% Si Z 3T RSN » B I SR RERE B 50 TR EE S 2 TTT
diagram HISARTEAT 8 » 3B ERRAK T 56 0 i A 0 el o3 5 1 eh ML B T REAA: = 56 7 eSS
PGS ERE T » 3B BN BT A ¢ 0.70% Si 587 S FL 2 ASTM G. S. No
6, 1.65% Si & ASTM G. S. No9 » Sh#8 Py i@ il ) - 16 SISt e RAE 2 52 S M T
PR > BE SR Y REAS T o8 T S S AR AR R VBRI » (AR R ) it P B
Fr LAY AR o
4, FI SRR

Bl T R0 S R R TR AR B D 88 TTT diagram 2 &5 » (HEBH WA H TTT dia-
gram HIBLIC# ( austenitic bay ) o S (-1 I BV EERE - AE OB S A% ( transfor-
mation ) * BYILERTEAT AL WO R GH R IR Y > B o (ERY 2O Al 0 BT
G $E2 BRAIEN - TEEEMEN L2 T » TE BB KR » 1Y 885 S B U AL
R AR S o RS A  WREIER IR RS B RIS B R ERR B
% » AL T HI AR R

%F=a+b(Si%+Mn%)

PRS- S BEAr B IS M T N 18] » AR AR R S U AR — 8% » BABR R EEIRFE 5 433043 H00
1205388 > (EITHI =18 58 -

HEE  Smin %F=100.628—47.748 ( Si% tMn% ) «orrereerremsmmrmrmmmmsss (1)
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FEE 30min %F=169.928—80.237 ( Si%FMn% ) serreersessnsessnssnnsesinesnnnemnsenieeienes (2)
BHEE120min %F=182.547—84.417 ( Si% FMn% ) -woooreersemsessmsmmssmssississinsnsns (3)

RS SR 2 5 AR5 30 36 T S 0 052 7 o A A e BB

BWEE Smin Si%+Mn%=2.11

HEE 30min Si%+Mn%=2.12

¥ EE120min Si%+Mn%=2.16
19213

B T S S Y SRR E12.13% M HEE G AV ( matrix ) 582 WA WEREACKRIHEE - {2
EETBEESE | » BRI LLAC 6% M AR RIS FAE » T A SRR EBEEEMBIE » HEWES
EFRAAEL.85—2.0% 2 [ » S8R B S AE 2 (R AT H Rk REAO (B R AR A -

5. W

BEFORE S P B AR5 S ( grain boundaries ) » 7EFRSE G AIRE » BT AHEE
B IS A0 G B o BRI S B 120.02% B E 0 FrRI 2 &0 B 1 - B580.02% B E
fg °

T 1 I e P SR B S T 20 o AT SR G 2 B S P SR S A R A P 15 5
0.035%P * KKKSHIE » SERFEREMS AL - BRRsm - DLER BEE -

6. #4H

S EM IR E&ICHE » FEMNEA - BB - BALSAMBRILEESHE » 7£
BLCALRY » S EHAE R KA - EMEs BE  DRKRERETNE » FEEAR B
SERAE P TE S ECHEAT Y S PIAT HE BERL Y RIS » DAL IR BE T E o 38 LE4T HH 85 SHBR b
Y MBEERATBALY  FIEYUEEZERE o EME SR D EER S ARk I 50 7 B
W2 IR ( wear rate ) HIRARPEA  ELBALWK T » DR BHHEAY » B RS IR
PRSI - BESIR G - P ASIRGISE SRS » K3 5 i P A F i S BT R S A R
TEVE R BEAETR S - AR -

AR B I AN SR SRR - SR EAE R B - 46 T 5 ICHEBE BE FOA6 8 - SE Rk 25k
3T A T T 5 B 2 U o[BI AR IR AL 8H » RIS NS it B o JeR AR SEE ( yield
strength ) {SE iR FES S 555 I RE ST A Al (S BB 0 B ©
7. WSk

WAE SR SR EE A+ 3SR A AOE IASG PEREYE ( Jominy hardenability ) » BIES 58 i
PSR SRR TR B o HRIR AW S - B 47T Hy e W
fiit S & % 0.002—0.003%B ° BHLABITY & <% ( borosil ) IIASE A » THEAMELESARE » HHME
fii o ES BAL - B A EER - (SR ( soluble boron ) BHEREMERI S HAEH
B o LESHTHCE RIS 259 ( total boron ) B3 T/ H £ MAEA RIS AT » MER BEkEY
PR » mEA FERBR =M & BB R BHAE ( free energy ) LLBLWIE S » Wik
& &Sk (TIN) o $KkPEBA T » FHEHHAD » KL o K2 LI9—11% Ti
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Graphidox WEKEEIIA ©

WG ASHER R Im PR T R (LR AL ~ AT ~ 05 DUB R 5 AR s 35 e
& GREFH - BTSSR EZEN > AR EARZTE » AR AR o
8. SRR -8

$RA0HG L 4B A& 4 Lamceramp 37X BB IMAS AR » 2 E BIREM - [RRERAT S
BA/NFBEE AR (type of inclusions ) Z FHERE © AEH - &MU Ce La » AEIRHEHEE DIBK
REESHARSD » WA ERENGEE - MBS YR

BB SRHER0.07% » FARIEHMEMSESREAEE » CMFEEAMZE AR » (B2
SRS SERETARETT ( rock candy fracture ) i5 2 MFIEE MLz B -

1.2 &HEESRIRIE

56 7T S B o A R AE R VI A AT o S SR A SO, - DA S ~ B0 B O
5 o FRGSEEE R IR Y o (E KRR - YA - s - 5 - % MRS Z it
B RHEMEY R SAAHK - FEE S E SRR I - R8T TS i R o
L. [EEEAeH

FRER T UER RS - AR - AR E A O ~ B DR S B 50% 0 » £ i
J it PE S ) R RS o FCBAR R RS ICHR ~ HICIRAIER R SR - BT 68 20% A L3R
HRFEEP) (type 11 inclusion ) » T ELEAHE A/ NEER IS » i AP A B BT MK 0 3B
EHEBECEHA » BRZSAETER » SRR P &R 8E:E & o B TEER » A HE
HARFRD » ISR E - RS o HageHE F 882840 % «
2. JE bk B4Rl

TR RO P e S o S BB S LR ( melt carbon )+ S5 77 2 R 85 - 1 2
RO A a0 ¢ (B LR B S R ( melt tap carbon ) Z 58 17 EEEH - R piiE L
e R B i L R & 5 T B B S 18 % » Hhuh RN o B TIRSERE - WR
ot S AR AN RS LB L TR R S T R - 2 (LB R R -2 -

#1-2 KA LIRE S S b 22 k4 (%)
R | e e | HUERE | C Mn Si P 9 Cr Mo B Al

9127 0.48 0.24 0.26 1.49 | 044 | 0.013 | 0.014 | 0.87 | 0.51 |0.0028 | 0.035
9190 0.30 0.14 0.26 1.49 | 038 | 0.015 | 0.013 | (.81 0.50 |0.0021 | 0.033

Sa P T 08 F (Rl FURL A I B - B BRI ERR LSS LA —18 47 X 4" X 10" ¥ » $8F R4
ZpErE > B KBRS RIRI-3 -

13 MR E KRR R

AR AR (%) HREER (%) V 2Rk —40° F ZIXHIE fi-1b
9127 0.48 0.24 20~21+~22~24 H21.8
9190 0.30 0.14 17~ 18~ 18~ 18 F117.8

.—4_



M 320.505" BLAR DI B o N L G BLARAG F250° F B Bl B8 ( aging treatment ) » LA
ERZINT M ZE A IR HE ST ( residual tension stress ) * FLHI BB RNE 1-4 -

#1-4 RGBS PP GRA T

el HH AR JEE AR5 B PURIREE fiRas B ks

o (o) (%) (psi) (psi) (%) (%)
9127 0.48 0.24 185,000 241,000 9.0 23.4
190,000 245,000 9.5 20.9

54187,500 242,250 9.3 22.1

9190 0.30 0.14 174,000 233,500 8.0 22.0
185,000 233,500 9.0 22.7

A5#7179,500 233,500 8.5 224

{5 ATk B2 RS HE R AT oS B0 (R B R3S 2 (10 » R IR S 88 S EIB(bi 2 TR
Foiet B+ A RERE AN R B BEARPERE © FH X-Ray 75 1k BINGS 4 B A IE 1 B BB AL B iy a5
BLARE ST - Fod eSS (- 4 10,000psi + 35 BHESA RS54 2Y ( fatigue failure ) FRES T »
PRISHT 5 AL A5 AN > BIERBRALS - (SIS LM A ¥ S h e 1 » B DA A5 Rt R i e
% o

ARG 4" X 4" X 10" ABIG - FFFEh RALS &0 13 2 HEET Cinclusions ) FEHE AT
B HS B EBER DS A TR AR RIER1-5-

#1-5 AL o P T R

_— Al _— M R HEFTIZRE(%) HEET AN
(%) (No/in?) I 11 1] (1)
9127 0.48 ESE 370 13 11 76 10.3
e 365 6.4 14.5 79.1 13.1
9190 0.30 #fd 435 8.7 19.0 72.3 13.5
ch g 400 5.1 21.7 73.2 17.3

MPRBE—EERK  BEHEERR - BEEESATRMY - (BBEBEER IS
SESHE MBI IR EAE I - 3B R E RS A R SIS - (50.14%C >
EESRFEMAME » R B HERMINS

BRSSO TSN - TR RERE » REAE K e
M - ALRBRE - RO SRS 2 S8 WEEEATRRZRE -

_5-_,



5 TR R I S 0 B LRI A o R iR R T %
SR » RN AERE R BB 77 B U 37 S TR P S o 4 [] R  ZE AE
ﬁ o
3. Ry SR BH 28

FYBAZE ( silicon block ) R AMATZEZ LA LRI AR R AR » SEMETE B
£519 - 7%1L ( dead melting ) © BHAIRBEER - HREZENR - o % P 2 Il S 1
Bk » RE L FEMZ RS  EERBETE - Vil £ P 4 B TSR SR B R P L L
B4 MR © BEERAC S WIS AR LIRS i EREEEREEN - B—H
BEHE R EEIAME » RS o B RS B B AV e o bRk
A AT » RIS LG - RSB EH e - BN EEAS eArdy Ok RS
WEALIER » BYEEEE ( carbon boiling ) AL » PREAREERE WAL o e TF
B MRS IR » SEAREP L AL S B B LAR SR (oxygen blow ) BREIK ( argon
blow ) 1 SR A0 BERE - LABEER AR B A& © -

b - AL K R S A o AR RS 17 (25em ) ANE] 0 GARAE PR EERF - BE TR
B ARSI RET 3 ) Tt B G B AR o ISR SRFIR AR 2" 2 % TE ' 2 i T 1 S [ IS &
B E AL o F R A SRR » SRR B [ 5 5 i 4 e MRt SR ( static
bend strength ) ZiCH# -

#1-6 B GR E

J5 5 MRS TR (Hw) A SR (1b)
5/8" wH 477 54,200
A 477 65,150
2" %] 495 25,700
H 495 50,500

55— (SRR FI 7488 ( drop weight ) HSBRERY IR ZE B G (E Bk E B P9 - R W10 5
7 R o ARUBEEHE NDT SRERBIHE » — B BIHE 5/8" X 2" X 5" P33k » 55— 3Hk P-32 12
"X 2" X 10" EHENI TR o 2" S$EEIN T2 /il » —H#EKS FRESERE » S5—HHa%RA - 4%
ASTM BB #EF73 » i 8IS ( hard facing welds ) — {645 NDT & & L H » Sll—/NEIH
( notch ) »°

HEHE - ¥ NDT S BEAE100°F » $ENAEEE% T » §EE7SLbs » MERRRAIR
1-7°

AR EAER - AR PR IEM A » BOR R G o RIS SR R 43 R 2 SR P K AR SR T 2R
f G AT LA R RS TG L » SR At 3 S 9% SR E B R © 27 JRBEZ SRl
F—EE » BB EEZ B RINEE - EWAE - RIS AR ZEE R R RE SN -
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