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Abstract Spot array laser alloying of C-Si-B-RE on nodular cast iron using CO, laser has been made. The
microstructure and characteristics of the alloying layer and HAZ have been analyzed and thermal fatigue tests on the
laser treated samples have been done. The results demonstrate that laser alloying of C-Si-B-RE on nodular cast iron is
able to achieve satisfying layers with high hardness and smooth surface which are free of cracks. The laser treated
specimens were tested under the specified thermo-cyclic condition: 700 C ~25 C, heating 90 s, cooling 10 s, 90
times. The results show that the initiation of the crack in the substrate is relevant to graphite nodular and its
morphology. The thermal fatigue cracks in substrate and alloying area are retarded by the HAZ. The initiation of the
crack in the HAZ is relevant to the oxide formed during thermal fatigue test. The refining pearlite colonies in heat
affected zone (HAZ) compel the crack to develop slowly along the grain boundaries.

Key words laser technique; spot array laser alloying; nodular cast iron; microstructure; thermal fatigue

1 B = T LA SR S AV 2K e , i TR AL B2 LIRS

PELAR R AEL AR b A 7 RO B AR A, H A
KA 7 i B A2 VIR 5C , T EL 4 R e A 8k
1l ik B TR, 0 LR 3R T R M AR B 5 [ e T AL
AR B i A P R 52 58 ZU R R A R TR G AL AR
MR BRI . ERELS RS, LR E

HIK B SSRE R S TET_E A% B s B RIR 2, H 2R
Qb4 R A SRR R R B R

4R R PEL AR 7 A o 8 O I R BAEL AR A R
CRAEL 3R S AL A0 SREL R AT R AL B PN T7
AT SR A DR o L A v T A BB TR < L R A R

EE® S : E/EA82—) . B, TRIEMA ML RA, TEANEFOESRE S MUBIF . E-mail: whlongd0@gmail. com
SIWE S XA 945—), B WBER AN, R AR, TENEHOLRIE 5HET .

E-mail : liuwjdme@ tsinghua. edu. cn



¥ ERRE: REFEHRRMBOL R G EAHR LIPS HEREDT 5T 67

10 5 o LA S TR R i AT 2
FA )T AT R m AL B

o4t 1 & BRBOL & S BRI TR AELAR
& AR, MEMGARR ETELREFES T
AR FEARAZ ORI FERFFOCI IR
4R — SR A B B SR BN T B0k
FEATRREABIEIRT N4 . BY7EN G
B b AW 5 2 B, R R A | JE A PR ALARORE A fE A
T KUR 0 B 2 4l DX IR BB A S80I il 2 55 2L EY
PR, ASCER S FR A 7= o B BB 55 R R, TR #AEL
MAREHEHRRE AT TR REG &L,
I % e 2H G R 7 MR REREAT T W0 P BT AT

B, FLAR A AR

2 LR BRIk

FEAR AR B 423k SR 4E A0 AR At i P EL SR A 2R
JCREAR RSB HE, EIRBEEE HV,,290 224, 3ot
KR BB 0. 72~0. 95 pm, A RBIERELFE 100 ym /£
HAEREEBRARN, IR FH 20 mm X
18 mm X3 mm,RERFEETE TH-2A £ C-Si-B-
RE &2 REEE R 0.3~0. 4 mm,

Bt AL 3R A PRC P CO, #OL#S oK
HITER 3 kW , REKX I EH, TIEEH
FAGOR $EHLIR . SR FA 6 ) 42 1 38 7 42 % 18 9
M RABOETI R 2~2. 4 kW, 53 & 3~6 mm/s,
JPEEAR 3 mm, FERRRERRITHSAT R
B D#FFT R RESMATE ., B RS R g Xt
$25 3t A0 ok B 1R E AL . OB ESE RS KR
T B P AT & AR . BOLAL I BRI #
BIL 488 U8 T BI) FF o B BB TR R SR BT R T A
VWIS )G » 7€ Noephot32 4 AH i 74 1Bl 42 43 A7 5L B
REGM CSMIS0 HHim T B MEE T MK . RELH
BMHAARR

PP 55 L3 R A SX13 HTS 48 3K d B4 in #4,
HRAKYE A, JEF R EE A 700~25 C,m#k 90 s, %
jﬁ‘p 10 57#\:%% 90 ?J/_(o

18 mm

-

20 mm

Bl g rfiin®

Fig. 1 Distribution of laser alloying points
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Fig. 2 Result of liquid penetrant test
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Fig. 3 Microstructure of alloying layer
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Fig.4 Microhardness of laser strengthened layer



68 ol B

pin 34 &

RIRHIN A BaEk . WOLIRIL 208 B4 i W 4, 7]
LB #OE A 20 KB B8 #5553 HV,.,
800 LA b, i #A R Wil [X. A4 B8 JE A 58 1 ok X 2 E 58
KR BLEMFEERBRE.
3.2 EUREFHYT R

B 5(a) i (b) 23 ] 2 B AR M BL &5 60 YA 90
WHIEARZE R Y RIEN . 7E 60 K IIE 5718
A BB AT A BN 0 A BBk F B A, 5
S BBE S0 WIEA 5 R L FEA E WY RN
ROGHKHL, EEGL R ERm, MY LIH R
WG = AR R /N M5 R A0 R IR 4 AR, (B AE A
&4k X 5 #E M XA 7 A E BB . T A S AR
FEREWX N AR R EBRMEES ST
XE#REMX Y ERATEZBBEFMH . 90 &K
PIE IR G » X b o 2 80 AL 3R T 0O Ak 2
R R, KAWL E R RE KA
TERFEY BTG K L0, T 2o oAb 3 1 R, 3
QEASASABEZBEE A B RKHA.

7 a

B 5 PORFRUEREETT R, (O 60 KIEH;
(b) 90 KGR
Fig.5 Thermal fatigue cracks propagation in substrate
(a) 60 times; (b) 90 times
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Fig. 6 Retarding effect of HAZ to crack propagation
(a) 60 times; (b) 90 times
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Fig.7 Crack propagation in substrate along

the grain boundary
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Fig. 8 Retarding effect of HAZ to cracks after 90 times cyclic
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Fig.9 Oxide in HAZ
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Table 1 Chemical positions of the oxide

Element Atomic percent /%  Weight percent /%
O 53.63 25,22
Fe 43.79 71. 89
Si 2.20 1.81
Mo 0.37 1.05
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