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Mechanical study of laser welded new Co-Cr alloy

Liang Rui-ying, Zhao Yan-ping, Wen Li-ming, Bai Yu-hong, Wu Wen-hui, Xu Yan-li, Meng He

Abstract

BACKGROUND: There are no reports on laser welding about a kind of Co-Cr alloys, which do not include Ni and Be nowadays.
OBJECTIVE: To apply laser welding technique to prepare a new Co-Cr alloy in order to provide welding parameters for clinic
application.

METHODS: Sixty plastic plate patterns (0.5 mmx6 mmx30 mm) were casted from new Co-Cr alloy. All the plates were randomly
divided into 6 groups, one as control group, and the others as examination group. The plates of examination group were
perpendicularly cut at the center of the plates. After the cut halves were fixed in a jig, they were laser welded using a NG:YAG
laser at a several level output energy in increments of 30 V from 220 to 340 V. The spot diameter and pulse duration employed
was 0.6 mm and 10 ms. Uncut specimens served as the non-welded control specimens. Tensile testing was conducted and the
breaking force was recorded and the data was statistically analyzed.

RESULTS AND CONCLUSION: The tensile strength of laser welding New Co-Cr alloys increased with the electric voltage. The
elongation increased with the electric voltage at the electric voltage lower than 280 V, but showed contrary trend when the electric
voltage higher than 280 V. The tensile strength and elongation was (679.94+46.87) MPa and (5.91+0.38)% respectively at the
optimized welding parameters. The tensile strength and elongation of laser welded New Co-Cr alloy under the optimized
parameters (280 V, 10 ms, spot diameter 0.6 mm) can be satisfied with the clinical requirement.
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Figure 1 Schematic diagram of the specimens

K1 SR

HoLEsE: KRN %L, 2, 3, 4, 5, 6541,
RA1104, LHLE 5 A AT b2, 2, 3, 4, 5,
67> 4220, 250, 280, 310, 340 VHiJE4l, 4NIwb
B RIWOTE, Wi A ARIT B, AR SRR e, T
HHlASENIE b, BERFS, JoaexiiE, SR
WSk, 5 Pafk 1. 40 499.9% 1 AR F kT,
JeBE RMAERRE . PIRIETHOUE . RO EA
il 2 40.6 mm, FBkPFEFEENTR10 ms, SHLH RSN
220, 250, 280, 310, 340 V.

frmsEE MR 621045 i H 9E [E 7 [{IM350-20KN
TTT REPL ML IO EDTRLR A IE, SR FH SRl v im0
FEH2 mm/min, G0 SR ETEAE AL .

FEMBIEER: PR, WiRAE . W
(MR

Gt FE S HRCE A SPSS13.04: I #4347
Geit T, SRR Hxts®oR

A R H A LA T B R 2y 22 4 B, PRI B R A
LSDH 5 »

2 HR

2.1 EMFRAMEER  SEHFEREEHEOE, 220,
250, 280, 310, 340 VHEARMmIGIE 3, HHG
o, BABRRER, WE2.

SZH M X e mg R, AR A B RS
B SRFLL A W R A B AR SR IK, e 20 320 W i m]
KREeIRE, TREALEREX, HRARE8we
1235

7136

2-6: 220, 250, 280, 310, 340 V

Figure 2 Image of welding in experimental group
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Table 1 Comparison of tensile strength and elongation rate in
different parameter condition (xts, n=10)

Group Tensile strength (MPa) Elongation rate (%)
Control 758.17+109.32 6.17+0.45
220V 312.56+29.17 3.26+0.33
250 V 493.69+39.28 3.56+0.25
280 V 679.94+46.87 5.91+0.38
310V 698.45+52.74 4.61+0.33
340V 729.49+60.23 3.68+0.25

R1GE TGN, 25 52U 20 A by (i i B rL P 358 o if
TG R, (BN FXT R, SR A i g RO,
280, 310, 340 VHi Jk 21 1% bz 5 B B &8 K 1220,
250 VHLE4L(P < 0.05), 280, 310, 340 VHi /& ja)%=
FEREER (P > 0.05), FEHFFRKLH 5T ER,
HAA280 VHERARaEZR 55X A th i 2= 7 e i E
B X (P > 0.05), HAMSAIEMRENEXRAL, 41
B) L 72 S b2 1 (P < 0.05).

3 itig

PO B A B HA S AR 290 KU G
Ay REAAC, R AP AS, Toaie I, g
ARG BE i 2 0 Y, S A DR SRR R

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



ROH, B BRI GBI F IR

@)‘?7@2 WwWw.CRTER.Org

PRER: . VT2 F B RO BE AR N TR M A RS
SARET, IR0 NRICoCr, NICr& 4, 4k K
A SRS RIGECR, HEm R RIT sUA B B
E[G-Q]o

FEV R G SR A AT RN A FICR, AL
1 O iE s A IR i Gl A R B o A fE
B9 HBOG IR B 77 T IR M AR WA E

A sz 6 K ) 2 75 [ Dentaurum A &) A2 7 1K)
comlaserd R FOGEEA, HESHAREEOUR H B
R REER N TR . WOBEBE B, JEBE EAR R BRI
TOLAR R, XFEO SR E L, HeEEm
HH TR R /N A 3ok 18 9 R S B P Rr SR B[R] R SE TR, A
SEE P ok F B OB R AL BUE RO B RN
0.6 mm, 0.5 mm /& & [R5 410 5 8 fk b 4t
IF10 ms, i HEARXS AN 2, EHFEAERHEE, 1]
RIS BT R R e 1,

ARSI o R REAS R R T O R RE
DISRIEAEM RS, LR R ER, FHEEEN,
SRAF b A R FE TS I, (HHL R 340 VI, 1R
DXL T MR I AR A4S B . R/ 1280 VT,
FrARBT THIL T RIS . —ReRul, I, ke
RN, WEEIhARIGR, IERUE SR N, MU
FEARR G . #IhRad sy, MEERm4)E Wik, Sbim
TERAAL, JRFURGEH ., REG™E, i 2h R R
B BLR B AR 20, RS, BAERE, F
Y R T N T

SEE AR R R, MR 250 VAI260 VI, ffFER s
IE, PR BRI, A LA RE, HEE
EHERNIE R, PrhsmElcn, SrRBE—EHE
JEEWIREERE SRR EAHR SR, WIHERTAE
JER, Reede gt 2 pyae M Eait. EPeaim
PR SH, framEn] DR BEM, W RE 2 &)@ W v
B, MEAASBANLAGE &, Bk
Ry SRR S, FTLAE SRR S, HE
B R B 5 RER AR,

MESEESSE R A LUE Y, /R 1280 VAT,
FEAF AR B L R T i, R R 280 VIR, SEfi
ZRHEVHIL T B H s 3 e i PR A AIRESR TR
EAREY, RAefeft 2 I pe =0 4 e i, il
FERNGEA RIS AR, 17 L 77 1-280 VI, SEMRFRAEIHIT
T BARREES, nREPIERARIVER, A A SR A
St h, FERGRRREC, Ak S MR T R,
X S A g — PR S,

HE S FMEE & B MR B 5 & K350 MPa
(DIN EN 29333-1992) /I i i 2. 1 R 2 5k P, fH phy 711
G FARTEAT A DI, AL RZ 2 —FiEpas i, M2
AWZ R EE WL, WL, )y, BIYIAReR

ISSN 1673-8225 CN 21-1539R  CODEN: ZLKHAH

S HIERE Y, Bk, DR EMRR R A E
BRI AN, BN A RIGFIEITE.

AR WA SN B R — A E R
b, GRME R BB EHE 2K 5% 4 REWE 2 F IS
IR 1P,

AL g8 RIROR, fEHL R 4280 V, ik i 110 ms,
JCHE EA£0.6 mmyGHz I, A5z 8 RN LB 26 35 e 6 A2 I
PRER

4 BEwk

[1]  Chai T,Chou CK. Mechanica properties of laser-welding cast
titanium joints under different conditions. J Prosthet Dent. 1998;
79(4):477-483.

[2]  NaBaDlung DP, Nicholls JI. Laser welding of a cobalt-chromium
removable partial denture alloy. J Prosthet Dent. 1998;79(3):
285-290.

[3] LiH, Zhu S, Wang JY, et al. Kougiang Yixue Yanjiu. 2002;18(5):
301-303.

B Ry, Rz 58 WORKE, AT HARR & & MBI AP H
5 =224 5T,2002,18(5):301-303.

[4] Iwasaki K, Rosca OS, Akasaka T, et al. Distortion of laser welded
titanium plates. Dent Mater J. 2004;23(4):593-596.

[5] Salvatore L,Matteo S. A simplified method to reduce prosthetic
misfit for a screw-retained implant-supported complete denture
using a luting technique and laser welding. J Prosthet Dent.
2004;91:595-598.

[6] Baba N, Liu WJ, Atsuta M, et al. Mechanical strength of
laser-welded cobalt-chromium alloy. J Biomed Mater Res B Appl
Biomater. 2004;69(2):121-124.

[71 Chai T, Chou CK. Mechanical properties of laser-welded cast
titanium joints under different conditions. J Prosthet Dent. 1998;79:
477-483.

[8] Anselm Wiskott HW, Doumas T, Scherrer SS, et al. Mechanical
and structural characteristics of commercially pure grade 2 Ti
welds and solder joints. J Mater Sci Mater Med. 2001;12(8):
719-725.

[9] Berg E, Wangner WC, Davik G, et al. Mechanical properties of
laser-welded cast and wrought titanium. J Prosthet Dent. 1995;74:
250-257.

[10] Watanabe I, Liu J, Baba N, et al. Optimizing mechanical
properties of laser-welded gold alloy through heat treatment. Dent
Mater. 2004;20:630-634.

[11] Bardin F. Process control of laser conduction welding by thermal
imaging measurement with a color camera. Appl Opt. 2005;44(32):
6841-6848.

[12] Watanabe I, Liu J, Miura E, et al. Penetration depth of cast
titanium and gold alloy by laser. J Dent Res. 2000;79:187.

[13] Srimaneepong V, Yoneyama T, Kobayashi E, et al. Mechanical
strength and microstructure of laser-welded Ti-6Al-7Nb alloy
castings. Dent Mater J. 2005;24(4):541-549.

[14] Watanabe I, Liu J, Atsuta M, et al. Effect of welding method on
joint strength of laser-welded gold alloy. Am J Dent. 2003;16:
231-234.

[15] Bardin F, Cobo A, Lopez-Higuera JM, et al. Optical techniques for
real-time penetration monitoring for laser welding. Appl Opt. 2005;
44(19):3869-3876.

[16] Tzeng YF. Effects of operating parameters on surface quality for
the pulsed laser welding of zinc-coated steel. J Mater Process
Technol. 2000;100:163-173.

[17] Zhang LY, Li CY, Li YX, et al. Zhongguo Jiguang Yixue Zazhi.
2002;11(3):171-173.

TR 2, Y 0 8 AR SHOE R S SOt R
R[], o EOGEE 5294 5, 2002,11(3):171-173.

[18] LiuJS, Li X, Luo ZH, et al. Hanjie. 2003;47(3):26-29.
X3, 20, TR A, 5. Monel4005 16MnRF: 4 & 1124 [0]. 45
#,2003,47(3):26-29.

[19] Kell J,Higginson RL,Thomson RC,et al. Microstructural
characterization of autogenous laser welds on 316L stainless
steel using EBSD and EDS. J Microsc. 2005;217(Pt2):167-173.

[20] Strietzel R, Hosch A, Kalbfleisch H, et al. Tensile strength of
laser-welded CoCr alloys dependence on welding method.
Biomaterials.1998;19:1495.

[21] LiH,Zhao YF.Li MY,et al. Zhonghua Kougiang Yixue Zazhi. 2000;
35(2):102-104. )

BT, B 2 X 206 B, S5 MO JR AR I ) B B 48 5 < 0 B R[]
e O B 22 24735,2000,35(2):102-104.

[22] Chen ZQ. Beijing: People’s Medical Publishing House. 2003:167.

WRiavE. DR B3 IM] AL 5t AR TR iR 4L, 2003:167.

7137



@272 wuncrrenors

RGIH, B BOCEREIE &2 H) Z 1

RERCREHES FE—

BE2FH: BLTAFEARHE S Lt XA A

(09130202A3-11),

TEZ T : 5 A AT Bk, RIe 56 A F —1F
A, FAMEAS M4, F—. ZMEENXEFLL. BT

RITFEH A F e A, HBIRAEH,

CEEHIE: Ry BACTE ¥ RGN,

KIZOYFFIE: v “HF R AEA G, WOUIREE, PRI,

New CoCr alloy, laser welding, mechenical” # X4tiF4

#% CNKI. PubMed #:4& & 2001-01/2009-07 #4948 % L3,
4R B TR TH AR EHITEREGAR, B A

AIARE, FIH R AT LRI EHAIRAT, A 16 R

RAET B KAk,

FY 75 M5 ARG BATAT | READ R B E R AL F

ZALR B R A B 00 B R A B 6B

@E 7%/4‘? ISSN 1673-8225 CN 21-1539/R 2011 FE/MIT (F[HHNH TFEWI TSI FIRR ) Gt e

nfA[a) SCI YR BIAFH Tiths
(FT % RERR)

: AILIRERBLELE

WM ERA RN LER, 4Bkl
Sk AXE, WA, HREREYAZE] 5] E
Fo” Atk oW GEE, B ARG A
BJE BRI T .

EFAGRE 4R XA, REALFE
1R 69K 5e K I, 5+ F AN BUREARBETH A4,
WEAREZ LA TR T BAE AT, SFEHET
JURE B AR L0 TRETE R, B
— B E BRI T B EE SR, B
DR EHH AR, Fid, —2 Eiefs: BE
“HR” WEZMRIL, PPAR. k. EX
ZE A EANRE, HmEZ, =RAH
R LFRAGEAR, SAABRRL, B
JE A ESP  ERA o R A SUF T A
HR, SAE B BRI,

— B e 4 RN B XA R X B
RE L, R TARE R AN FE 14
RSP AE RN WE. A 51E AL
SRR T R RMBAR QM IE, & <4
R G RTARIKE6 AAESE, AT AR

7138

BRI BHER IO E AR . AILEN &6T
R Xy NG RGP S R PN S 2
FARMEE T AR OTFIAOAAB A
WA AR R, B “Frik” Ha—H, fuk
“CERC ot AR AR, ARA T RHMEMN
JESRAY EALS (ABAT AR, i) AT
TEE, XLHNAE LIRS RO AR
KR EEL—IFE 57 HoeEs. RE
R RFARIENE, REGHFEA BATETS

w.

e

CHRT HRBEE BWEM AR,
BABREA R ST EER, PR &
T AR AR I — e AR, Pk d
e CAMETER —FeEEFERAP. R

FR0E FIEFHE A RBOLET, Hlde, A

XAH—A-4]F: “Expression levels of p53 in
smokers were compared with non-smokers”
AL R “Expression levels of p53 in
smokers were compared with those in
non-smokers” . i ¥ &) — /X4 E “were
compared” iEANEE (A& F P AT 48

“compared with” Y6912 E . 4R A4EE1L

P.O. Box 1200, Shenyang

TR T (Rt d BB 49p53 levels
Fa B MEH 49p53 levels)Z ], TR 4 Hoaxag R
T Al REAT R 6045 Bk R B R AR
B R Z . T ARG
Z W RZJE, B4 “Expression levels of p53
in  smokers and non-smokers  were
compared”., #iEHARA) H —AFEAE, AR
4918 #& 4= “more”, “higher” #= “faster”

%, BEERFE—A than” FFEE 698 kB
BRLES . HRA . e, “transgenic mice
showed higher levels of cortisol” XA~ 4 F
A S, B b % Ae Lk “than control

mice”.

Bt iE 8.

LARE Ao R A AR5 R LA B
&k RZ A,

248 it At ek s R,

3. FEFH T e ttiR,

4.8. A EXAEFEEL

5.E P HAGIEATLER, doPlA.

http://blog.sciencenet.cn/home.php?mod=spa

ce&uid=288924&do=blog&id=475892

110004  cn.zglckf.com



