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Study on Laser Cladding Manufacturing End Mill

LU Wei, HOU Li-qun, CHEN Kai, ZUO Tie-chuan
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Beijing University of Technology, Beijing 100022, China)

Abstract Co-base self-fluxing alloy was deposited on helical land as cutting lip of end mill which body was made of
45% steel by laser cladding with synchronous feeder. The effect of laser cladding processing parameters on shape and
crack of coating was studied, it showed that width of cladding was decided by the effective size of laser beam, which
was depended on the power density and the scanning speed. Height of cladding was decided by the ratio of powder
feeding rate to the scanning speed, higher laser power can significant reduce crack, and thin cladding shape was
valuable to lower the tendency of cladding crack. The special equipment and processing were researched for laser
cladding manufacturing end mill. With optimizing parameters using laser cladding technology, functional layers
meeting the specification have been achieved on end milling body made of 45% steel. The coating were with
crackless, good shape and satisfying hardness, passed cutting test with GB/T122. 4. 3-90 standard.
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Table 1 Chemical composition (wt.-%) of Co-base alloy powder

Elements Cr W Ni Fe Si Mo Mn C Co
wt. - % 20~25 3~6 2~5 3 1.6 0.2~0.8 0.3 0.1 Bal.
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Fig. 2 Effect of the scanning speed and powder feeding
rate on cladding width
laser power=1 kW; defocus length=15 mm;

shielding gas rate=8 L/min
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Fig. 3 Effect of the scanning speed and powder feeding

rate on cladding height

laser power=1 kW; defocus length=15 mm;
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Fig. 4 Effect of laser power and the scanning speed

on cladding width
powder feeding rate=19. 9 g/min; defocus length=15 mm;

shielding gas rate=8 L/min
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Fig. 5 Effect of laser power and the scanning speed
on cladding height
powder feeding rate=19. 9 g/min; defocus length=15 mm;

shielding gas rate=8 L/min
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Fig. 6 Effect of the scanning speed and powder feeding

rate on tendency of crack of cladding

0.07
0.06
0.05
0.04
0.03
laser power
0.02 -
0.01

0

Crack rate of cladding /(stripe/mm)

2 3 4 5 6 7 8 9 10
Scanning speed /(mm/s)
B 7 BOGTh R RN B B e B R R
Fig. 7 Effect of laser power and the scanning speed

on tendency of crack of cladding

HIE 6 AN 7 W] LR AR I RE S 7 H At
FAFARARBIE DL » 8 J2 JT 4 1) B 4 7 0 2 1 34
T FAEAER o B T 326 A 2R Y o R TI A e B Y
BB R IMR MG . 458 TZSHHE



1536 2l =5}

b X 31 %

JEI RS WAL T DU RN A E 5 IR
WRIE RN 55 RITH .

WREITREROUS RS RSB NE R
AL RO EE P RE - MR RS RE, B
EMSHEROE SRR GLERY ARARES A
FERE GRS FEEE G VAR %) T
CHERMADR BEEE . AHRERS A
KU SR IFREA FRTE T & 8 AR 32 B 1 B9 1R
RZE R, T AR A B 1 B k4 2 8 2 TR
THANER B R AE » w227 R AL

B BOCIEE , i TR S0 AR 4
BZ &R 45 i B CPR , R T4 2 45 4T 1) 1
58 » — B T AL AR o pl AR R RS S 4 R B
ERSBEMBTMAERLEETR, XEFETT
RIRBE Y ALY A & 8 846 & W) B8 ¥ 21 2
A HR A2 2 % OO A A (B 9 5 AL B RICR 5 (E7E PR A
A SRROUT - X 25 @ TT R L& Y BUR I
W& S ITCRTE R AL 5 T BBk I 5 A 4L T R A
SURRL A BT TR PR S SR OL T 5 R K 4
M AL 3K L8 5 AR TR 8 B e 2 W) L e AL A L A
B RFLAFREE AR TE BB R E . BB B
A R ply T A 0 R A T 7 A G RRE g R  AJE A
B B B 460 TR BE P 3 I B 0 BRI 7 5 HR R S SRR R B
TFRE R
3.4 ERIRTHHALBEBEIZHESE

N T EHIEE R IR . & A LTI R
RS, ST L 7E 457 MR EJTH SERE 1. 5~2 mm
& B (B 8 7R » IR AR J B = 9 10 R, )
AR SE BE T SR T WO IR . B R EIROtAE
SEBETI R SRR TR AN B A 25K, B 3 4% 4 /1N Y

WA ESH L EREMNIEBEEERENE R &
k\k\%\\\ \\i\\\\\\\\ .
. . . . \
- -

e

"\\\ \\\:\Q\:\\\\\\k\\

W AR » AR R0 208 )2 PN )58 B2 6 B 6 2 o 4 2 R i

}\X\\x K{i\\\q\\\\\“ \\\\‘\ i

. \\\\
.

BARS5 R BT 700~800 W, B £ & 4
B R4+11 mm,+15 mm, +18 mm, E ¥ EZE K 10

~20 g/min, FEEFEHN 2~4 mm/s, FLHKHN,TE
B AR b BEAT B9 O K B, R SUBUR M TR
PR BN, X EERFR EEEEGME
O BB GARR, RBE R N LB EE MR A
HELE, FN, BTEHRMEEHR 1.5~2 mm,
INFER EBOCR BB ER R, RS S &0
RIFMEREKOERT AU EPBER K TR,
I ZTE & W B B AL G AR B s AR,
TEJE 2 A bF 4 i 09 300 % B TE R 58 2 08 Ak 19 8
ki, MSLBAFORN, WRBRERE S A IBEE
IR

GESMBEERE ABEERBRRIIBEEN
OO P S SR 4 R, B A WO IR B L BE T Y
TESHEN: WO H 700~800 W, B & + 18
mm, EHER 15. 4 g/min, IABHEE 2~3 mm/s,

4 OGRS LT R 3 S U0 I RE
XS e

1 325 98 ' 45 T ST B U B S B ST Bk T B0 6 R E 7E
B f b5 i B0 MU I 4 1 A 5, T3 o 4R A
TET A R 8

FE SR8 B 5L 4% T B A 7R R OGS BE R
B BN LY — R LA TV BRI AT R O 1)
HEAT 5] TR B 2R3E 3, — AN 2 T Bk 0 FF 0 1 e B
HE . WEEERBRARIFER.

WIS B SLGETI &%l T /Y 70 BE HI R R
H I GB/T122. 4. 3-90 FFRHE, 5 25 B340 86 71 (bF
B W6Mo5Cr2V2) 3 7] i# 47 %t b VI il 14 BB 5L 5
L S5 SRR TE BRI i AR P, BB B I 1 Y ST B
TP, TR E . BB H TR & IR ET A
FhbB, BB 2ER AR A G, o T Ak R A RS
FERAERER., ZKBEHI BRI, L4871/ H
VT g A RS , [ v o A 4k 0 S 1 A A

5 4

D) SEBBOCHE B AR LT SL B TRl E . ¥
SR B AR EF LB, T T ARBHSETR,
[7] A T LA e 14 5 R0 1o 4 S B D AR 7 R B 2 I AL
B, X R AR B9 52 8% 0 R HEAT R RBOL IR B, 58
AT ERE.

2) WOtHRET BEERERBOCRETLZEZS
B R AR, TR R T8 B B SR R R



12 34 Bfi B % WOBKE S8 )R H3E B 5T 1537

JEHABEBOERR S, B R AL REE SHEH
FERER. BEEN®EZBOCLZSHN B
W) B B, R 0 2 R B A O 4 TR R R M R Y Rk ¢
AR, B R B R A 002k T R 5 Y e
AR E R K,

3 MERIBESL BT E G S EBOLIBE T,
IR EX I RBUR . R BOLY R B EREREE
FEZA A, [FIBT , A48 2 TR T LARE AR 2 TP 3 Y
1 18]

4) # B GB/T122. 4. 3-90 ¥r#fE, AT 80OLIATE
ST 8% ] 5 R ANt T i U P BB X H SE 3R, E B B
J6 A 78 19 5L BE T B 3k B E AR E #Y U HI R, TT LA
R FE R

& £ X W
1 Song Wulin, Zhu Peidi, Cui Kun et al.. The effects of the laser
cladding layer on its cracking susceptibility [J]. Applied Laser,

1995, 15(3):122~124
REM,REF, £ B F. BOUREALXHIF 2GS
miLJ]. B A ¥k, 1995, 15(3):122~124

2 J. H. Ouyang, S. Nowotny, A. Richteret al.. Characterization
of laser clad yttria partially-stabilized ZrO; ceramic layers on steel
16MnCr5 [J]. Surface and Coatings Technology, 2001, 137
(1):12~20

3 Zhong Minlin, Liu Wenjin, Jean-Claude Goussain et al..
Experimental research on cracking behavior during high power
CO; laser cladding [C]. SPIE, 2000, 3888.307~311

4 Tao Xilin, Cao Qing, Xia Chunhuai & al.. Influences of
technology on microstructure and cracking behavior of laser
cladding Co-based-alloy coating [J]. Applied Laser, 1999, 19
(5):206~208
MG E K EEN % LESENEEASBERBHMA
HRIFRERME W], 2 R#k, 1999, 19(5):206~208

5 Zhao Haiou, Li Chunhua. Investigation on process and crack
sensitivity during laser cladding [J]. Metal Heat Treatment,
2001, 26(1):18~21
BN, A, BOBRE T 20 R R GHBERT]. 258
# 4L 2, 2001, 26(1):18~21

6 Zhong Minlin, Liu Wenjin. Comparative research on cracking
tendency in powder feeding laser cladding stellite and NiCrSiB
alloys [J]. Chinese J. Lasers, 2002, A29(11):1031~1036
PR, XS04 Stellite Fil NiCrSiB A 4 WG 26 b i B 24 80 1)
BB SE[T]. + Bk, 2002, A29(11):1031~1036

Ne Ve Ve Ve Ve e Ve Ve Ve Ve D Ve e Ve Ve Ve e e e e e e e e e e Ne e e e e e e Ne e e e Se e Ne N e Se NN e Ne e e

FTREZEAFVAFAZTRSESHBF

o EDEF MR L TR &, F
A R R ¥ B 63891 FRBAA 5 19 58 + J 4 E
FRRKFEARZ AT 2004 45 10 A 25 H ~28 £y
WEMEIT. RA2E T E L+ SR
AL R BBRREOGEM TN 112 £ RKS
T R

RETESFE AL M Z2 B2 EEBA Wb+
5 B R AR O 63891 R BA G AR I BAR K Ot KA
PEFEOIER TR, 2 L2 B R
Bit 2 REER .U B R AR KA A
TR A e R 8 — B T A A SRR TR D T B R B R
R RGN B4 2 B R R R R S EE
B 2 4E I B BORBT I D62 B 5 e it A7 1 Dl
FENEBRETROREME . KRG EHRY
B =0 2G# 8T TR, E R 76
o

T AR BO R 2 B0OE 3 120 B, NAE
B 7O AR B & A D2 B L SR Aot
F OGN O T W B SRR S
] UL R ALAM G2 bR R GE K TR O S U
HEZHOTR S, R AV T#9, X&E
FEor R T B B A IS TR G 2 R U A B9 B
2y i) 71 f5e B AHIE R

2PUNE, THZR2ERT T R EERLR
RAigx , — ey TR DA TR A g 88 0 4 48 12
Lz EaRNET B C R &g E T TR
Ulo VBOYIE], EHAT T 5 P 62 WA & ok % B
RFE_REZREV2WBE T IE=F1 TR
T AR TR, FRES +— 2 EGEN
WEARZ WS T 2006 76T H217, H EPIOLHE T
R — R,

(BEE)



