¥1% %2 ‘}éla‘ % # %E( Vol.,1 No.2
1980 #5H HANJIE XUEBAO May 1980

EEH & S W ERE IR

2 B TREOAK HER
HEE  HHF AAF

%

(FERZR EEFIC )

] =

AXAAT RNFREEARREERABETIE: RIBARR T & &R e 8= A,
ARSI RS, BB ABREEXREAERT THA: ERRESTHREZMN
MASRE T (EREX0.30—0.45mm ), EBT BAARNENS: RAERER (& K50.03
—0.05mm ) , {FEABAENDELE BRETHEANEREE T @RmHE RYER
PrAERRRMENER, ABIER, RAREEREEFTIOERE QRS BENEE
EHEAEME, XA AL SRRV BRI N B AN SR ENMERT, Samh
LR Wk BRI RSME, B4, RZMM LS.

| =l

HESHRENR SRR, EERAN, b AEE—ENG Rt EERE (BEEE
ERBREMSi, ). Bk, SESEEALSHIBENEENRE, 2EM AL, RA
XMODNBTERESSER (TZM) BEZRE. SREFSENBS EERAGE
REGTEE., MAREESETXASHEE, TZ2EXETER, RARERENA
£EABEARSER, FHAEZHBHIEEL. DRBEEEHTAE, RBLTEBEX
KRR, BT REXOER. BEXERREBERIBHTRIBAM. OHR
S5RA&SELEEFENSE (ERTEESE, RATHIR) @R i NA L ORF
%, BEREEDIKE,

FRIEEEEA, FERHTATARBNBERRMSERL, BENERRY
£ MoSi,, Mo, Mo-0,5Ti& 4 kMoSi,, WHBEEENTERL ALL1FR, BE S
Mo-0.5Ti&4thik, HautEgk 0.5 1%, BMEEAES 6 &, RESHaE 24,
PeE A 35S, KAMKL/SES, REBKAKERL, £ THENO LR 68 2

BMERLFLGER: EEH BRE BRI BFkE.



23 BRHRELCLHENRBHEEBEHHAR 67
%1 PERERSHCSPEHEENILE
Ty W g N MoSi, Mo Mo—0.5Ti
BEpERE  x103kg/mm?2, 20T 43 28.5—30
DRBE  #5ESs, kg/mm? 1200 160—185 200
®OATC 2030 2622 2610
L 5 Cal/em.T.s, 20€ 0.116 0.35 0.234
o uQ/cm 21.6 5.2 5.2
WHES  X10-%/C, 0-1200C 5.1 4.9 5.1

RS PMBEESGEE R T E, BE. SRR T, AW B Z A e i K S
TER, T RAMEMARERAREAZNDESESRTIERERRAEL,
MBI H, 76 BRI HLHR D o HL A 2
MR E RO, 3~0 45Smmiy kiR Fry, BH
TERAESEILEGEEOEEER, R
FAERESSHIRNBLORELS B S &
W EEEEZEBAREN 0.03~0,05mm

BB B S, MM T 4 A T AL B AR aﬁ;j\\\<
LAY HL 35 i RN, O G U I £ +

-

i

A |

\
}

H, ZHTESRLEMRFGE, SR B SEESLWRLA RS
%50, 3mmig ke Mo—0,5Ti &4 K. BERE LaxEn
%0.008~0.025mm, 44 EMHAE2. g R g T

®2 HESERHA
7 % Mo } Ti 0,
5 8 % & R’ 0.4—0.6 <0.01

R RIEF WHEII1000V, BARWFEERDy 8007 Mtk G2 Nl Lt iTRy, BtRE
R, TATEEEGERREFOESR, HRANILEF, 2 14500 U EEEER
z8, BRARETH,

=, RBEZR 54

1. ARSRARENE

ERAREFERBEOHLT, ETHRS TSR R T 445 & 0% & 2 ht
ML IR R, FEBRR ( <<0.005s ) B AWM AMHERT, HEXHBEEETHRNE
4RI L WARIE T IR T L 6EE SRR A =B 45, W 2 (ERR12) Fim.

Xk (2) . (3) NATEL/BBE GERE, 8k G- b4, ERRS T
B, m—MSEEERELSEERRENEE, SEBHESSHRMIRRENR, &,



68 B o ¥ # 1%

BRAGEHREVABHNLENH. ABENES. BE5ABETRH, 23 KEHAE
AR, EREBRELS, RELIHE,REFEH0,3~0,45mm (5 /E48%0.05mm),

NTHDBWKL, ELFNLTHSHRERNREHITLEER. RIEREHEE
TENREEMBEREmMAK 3,

” 3 - 2 T T 5 Y 50 20 T e e BRL B RO )
Motk M R SRESER (B A W 5| A X ¥ 8| DRIEYR
REuQ) | a0 | 50 | 33| 288

MK 3 FTEH, BRI GRS B T R A B A K IRAT A
KB KRE AP RITER, BZOES, RERENEEBAREE.,

2. RRMERRISERE R RGN R

EAEXEME R, RmifaREERTH, &, SSRERRKR D, HEE
EBMSR, WHEEEEANEESER RN R REE R R LRARE —BR
AEmmit? ), NAPRSRRARLNATRFNER, HRRBEH, FRBks
ITHXRERBRERICREN, HEMREENSH RIS, FEBRH PR
BRT, BERAMYE, BHRATFEMNESORGIIER L, Vil il= ERYHB R
XE3 (Emp12) .

RAREEMEMRIERERFET, 7T HRRFPBER R4 2 m i B,
WE 4 iR, NERTETEE, #% R=12 2 —-

mm, BRI AEN, THAERE R )
6%, : /U’——n dw
AR, REmRENREL, B § o .
GRBEABIELRIE, RALRE § s
AR, AXEBNERARE, LR N . ;‘;
MR SRR R R B L 1 e | B
EKRE4, g 016 Yooy 6 i
g P-1000uT H
4 PHERBBBHRANR 2 0.12 12 ';E
SR AL LRI : ™ &
isrg 0.08 | -8
mEsEER | Twmms | Rmam M 4 o~ -/OAOA/g%
gitusEas A 6000 5600 0.04 4 ’ 1!
HIOMKERALES 6.6 0.5 ‘ 0
HABLBESNE% 6—12.0 0.01—0.85 0o 4 8 12 16 20 24
WREEZER, mm

B4 BEBRRERSEARSTHNXR
FERAF R S HRdw<3mm& 4T ,7

BRT IR R B SUS L, FE 4y R T BRom AR 5 RO R A o BR o AR BB ORIIE R 27 A9 3
BMmEN S AN, AREMERRE, BATHHLR, EEdRADRER,



2 SR EBHEARGTR 69

R AL RN 7 43 A PR S R AR, T LA R R M LB S SRR 9T T 2 I X R P

HEFTRIOBLE, AAMTHERE/LRL
3. HWERERS AR
ATWEHMEABENEE, #ITT

WF A%, HRABRERTIOE S, I JZ: ~
OF B ERR: AW R BB * — =
6 mm/min .
@B EHERE: R FUR RN, |
H—BE HLIB AR TN I, LR - +150
55mm/min ’ _\tsoj_,_ ..H‘ »
7 £ 5 B o 5 R0 1 7 L — 11
BREAGRE, A5 SRR AETU R

(1) hABERNBRABERNEE ¥
BEZEAMAEIRCIARERE, HEmbBEtmalxs,

* s oh (A R 3 IR E 2 ERKEGIE {L

PmmmmER | F % w & | R % A B

L HRWRR | RBH | BRE | ksw | s
E 14 90 19 128
* % E 43 102 63 390

Rk (pQ)

MK S hEH, MAREFETAREMBEEYM, FBAEERN 0.03~0,05mm
ISR, Bk, . BEANDEBESRMARE R SEIGHTT1450C Z w5 S hr ik
MR —196C TR RFREF SR, HREY, MERBERENEE,LEH 8553
SRR, ek, FERRIIFIERES Sk, mmE, WRERANHE
MRS, HRNTAEL, BARERAR. e, BHEDhmLEme. WA
6°H, REERERENGRERE,

(2)BBREXTHREMNBENER LEAROBERGCAET, Silbioimrin

e 7.,
MNE 75 R, BHBREALZREMITERARSGORRE, IR R X808 0 I
TTHEBHE k.

(3)IZBHNEABRENEN SR 3mmBENEE EHRN, BAERR
2.5~3mmzZ[A], EEELANK=90:1, AEMSHEERR (AERHEE) | Uc
(ZHBE), Cp(ZBBE) RP(BREN) . N TRERINELSKTHR ZMH
A, WRENZSHER, IRELZE2RANERRESEToERER,

ORI ENFRIA, WREORME. B 8 JiRum 4 12 X1 &5 58 5 1y & wl,



70 2 ¥ ¥ R 1#

18 105
E’ b o - B 1001 N
.gg >
O 2
=) T By
E
- o a 95 -
LU g 9%
¥
" 90
1 11 111 I 11 111
B6 HIEIE MR R E ISR AL B B 7 BRI SR A R AN
1—EiE =045 11—B4Es I~FIRbARATEE N—Rat NI—Fisgim

MBI 8w 7y, iR 0.34+0. 3mmilisRmIt T, R ZR8~12mm U EH R
B P IS )E .

QWM MR SE N, 50.3mm HEER ReS5ENHNTEL X R, W
9 Fr iR,

1200
1
h~. d
= 10 = 80,
! &
% k-90 % 1 - 1
-137kg, 400
& p =
B9 Uc-600V \ - e N
e Co-10004F | A .
g 0
- i 2 60 100 140 180"
8 .
3 , kgf 2
0 4 8 12 1§ 20 2 _BREAP. kef/em
Bk B9 HEMo—0 STigiEMERS
e B T
P98 HOmEE R A TR R IR 2 Al

B 9T Fi, EHKTI0AFK, RkELBR, XMEESNEIR PoAT,
AiE I BT B 130~ 140 A FF B, FRATIVRE S MM J 2 k0 3 R LI 10,
HUOTRRAE R B E A 1404 o RIBED, SEHATI004FH, A
FHRAERLEINE,

@Uc KCp MR AMA MR, B% Uckim, /8 S50y e M i e B Uc
600VE, JB5 KT R 45, B ERMAEAR— N EENANSE, R



2 9 B WA R R R 71
100 . y B RS S RN, BN
! l 1 e R 40 M

o | ANy (BB B I B T
3 0///,/’| G ERR, Wi RE, A
= "/,Lj;”“*\\ 4 e EREE R AT
g ol | EAWSHIR, 5T AR,
& 0-Cp: 100IF Ue: 610V \ FRLT HAE VLR M, 1450 FR0%
- a-Co 10004E Ve 50V 1 REIHAREY, EfAT l0kel/
e URMEOSE, W W

HEENP, kef/cm?

E10  BAREAN G SRERE

14 6kgf/ &,
@MW ER AR T F M0k

T R A B Mo—0,5Ti #4 fi:
W R, HTTUTHHRR, RAESb FEMMBS B A 8 8 ik
H(HBEAARSAGREE 2 d/b=25~30% ) #4777 2 M1 vk a8 A tL B Gty
ERNE 6, RBRGHIFA—KEMMB S, NERTEL, S LR
REBHBRMILK, E£EEMERNTEEEEZWERHEN,

%o WREANSEREAPE Mo-0 5Ti Wi LR
AN T e i 15¢C 1400
%ﬁ e oskgt/mm? | 0% | WOME | oiket/mm: | 0% | winogE
oW OB A 70.9 ’ 14.6 ‘ 882013 k 1214 '
# m A 66.5—74 { 12—16 ’#@%%LXM\ 8.1—9.15 ‘12.8——16.0 WX
69.9 13.3 |& #HMip 8.5 14.0 |#

4 BRESHLRE

ATRESERS SRR E GNRE, BIdRYEdE Mob bl kL2 (6 SR 4
SUBHERKITH, BHEHARPAKEBENEASSEETT REM S,

(1) EMEHEUE MEL (EF12) BTE.

OBERETEEENARESEMANSIEL, BrEEHEE LN E ML,

QERRDPOLLEHMEEHFEASE 2. EEENRARTH AW 4 — 5B
ORENZABEEER, ToBRMRRT &S U i E Ik m i,

QOXMARELESTE LA RBE, BANBSSEM R EARS A
HER (SRR ), RETURERESRESREUTEAEN,

(2) BRSHENE BibigarmmBEL, 13(ERI2) Fix.

ME12, B13hAIEH:

OhLBNESEREZE, CEATERFRAEERYN

@M BM Y, ., HZARRCREL, EERPEIE,

PLESE 42

b
V[Fj-l[:lo



72 2 OE ¥ # 1%

@OHLBMLME DR IRERNE SRR, REEEFAHEENAS RS B4
R,

MNEBEBEESHMBEEL, BEANTLEIBEREEU L=RESHRE, BRER
THEZBRLEEGHARZFEN, XA BHENEE AR ORSE—FIEE,

(3)WODHMBEENE FERHRE, HREAGEEROEKO#TRE, &
WORRmEL4, 15, 16, 17 CEK13) iz,

BT O R R, hiE R E (mELS, EB1emEkRiRHN, b nEdEE R
FHERIIEN) SAETENSERRBLESLARIMKR G MEGSFEEHTFHE
BRud s, EMJIKIREEERPEETFEE B REE, nEH17 R (H172E16
R RERANE)

AHEFREREMAKUSUTFERE SR H LIS SE PO FTERD S, BR
MEFRFHAELERDY, HEUJMREVEN. EARRBENEFEAPLEKNRE, &2
TR, XME, EEBRZARERAFESEIETARNKH.

Bl ERgEmsmiNG, EPREAEARIIRSEREAMRES. HUBRELS S
HHEE, ERNEKFLENERTEESRL (R B A B MK LR, HE0RAE 400
~500C ), HARBEUESBSHBHEERREENBHNRNURESIERT [ &
AUUEHE, BRRERSUBRNENSAENREATOLXAARIIRE, EHFMNTH
DX Y &KL, MBAEROAHFE, FROFEFNEST, #E, BZREZLER
MES, BRASSHXRIR, TURARERRRAOSERSENREA, M4k
KERIFOBE, FIERFOSERERE, NMEERDET RFRE FHEE.

=, & #w

L BHESGHESSHRTE-RASEET, RABMRHEENREEESE
PTEE, RO T450C M R RAHFERNESHESEHENER,

2. SRRSO, EARSIHEATEBEZR, MAEEYX 0.30~0,45mm 5
%, EBEE=, MA 0,03~0.05mm W&, HHFH, ARFENITZSHRMNTHE
T BT, T ARTRhHRANERES., REARBABRES KRR,

3. BHEBASHERFNPAREFESABENSGS, IREIARBREZTNRHES
S5 R™ A EMELE.

(19798 A138 ¥ )



23 R4S £ TR B BB 5 e

3 ¥ X W

(1) Kummel, D, L, et al, Metal Progress, 93(1968), A63, 78.
(2) Johnston, J, H, et al, Welding Journal, 33(1954), N9, 449,
(3) &M%, SRS ROITR, § _EaeEREESIR

CAPACITOR DISCHARGE SPOT WELDING OF
COATED MOLYBDENUM ALLOY SHEET

Liang Yong, Yu Erjing, Hang Chengzhao, Zheng Bikang,
Han Guochang, Gao Jingyu and Zhao Chengzhang

(Institute of Metal Research, Academia Sinica)

Abstract

In this paper, the technique of applying insert-foils in capacitor discharge
spot welding for a successful joining together of coated molybdenum alloy shee!
is described. Methods have been developed, with which the main technical prob-
lems, such as sticking of coating *o the electrode tip, cracking in the welded
spot and deterioration of joint strength, were solved with satisfaction. Success
in preventing sticking was achieved by inserting tin or lead foil (0.3~0.45mm
thick )between electrode tips and workpiece. Increase of strength at high tem-
perature was obtained by inserting niobium or tantalum foil (0.03~0.05mm
thick) between the contact surfaces of workpieces. The effect of the shape of
electrode tip on crack formation and sticking were investigated, It was shown
that the electrode with domed tip was more effective in reducing cracking and
sticking than that with flat tip, Metallographic examination showed that
actually welding was not due to the formation of nugget, but due to the formation
of solid phase bonding between niobium foil and molybdenum alloy sheet instead.
Under the action of pulse current heating and electrode pressure, the coating

in the joint centre melted and was squeezed out.



