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Factor Analysis of Explosion in Spot Welds of Hot Dip Galvannealed
High Strength Steel Sheets and the Countermeasures

Hajime NITTO, Taketomo YAMAZAKI, Toru SAITO, Katsuhiko YABE

Arinobu YAMADA, Yoshikuni TOKUNAGA, Norio TANAKA, and Yukihisa KURIvAMA

Synopsis:

A serious problem in the spot welding of hot dip galvannealed high strength steel sheets is the oc-
curence of violent spattering of molten metal in the nugget and formation of explosion.

A study was carried out to develop hot dip galvannealed high strength steel sheets having excellent
resistance to explosion and also to develop welding methods for supressing the formation of cavities by
explosion of the nugget.

Results proved that the occurence of explosion depends upon the sort of iron-zinc compounds
in the coating, and that when the coating has [ phase of thickness more than 0.3 micrometers,
explosion occurs, often exceeding a rate of 109,. As the I” phase increases the electric resistance of
the coating, it accelerates the formation of nugget in the initial period of welding and melts rapidly
into the nugget. Melting of the I" phase increases the zinc concentration in the nugget and causes
the formation of cavities, because the vapour pressure of zinc in the molten nugget is extremely high.

Based upon the results of study, countermeasures were taken with regard to galvannealing and wel-

ding conditions.
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Photo. 1. Macrostructure of the nugget and cavity
seen in the specimen, showing the explosion. L;, L,:
lines along which the scan was taken. P : analysis
point of EPMA.
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Fig. 1. Specimen for explosion test.
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Chemical composition of specimens and their mechanical properties

Weight Chemical composition Mechanical properties & formability C.F.
Spec. Thick= of coat- Alloy- Remarks
Ny T Gy € S Mmoo P TA gt (elmod) (6) 0
1 1.2 47/39  11/12 0.067 0.045 0.840 0.066 0.005 0.038 37.7 44.7 34.3 0.202 1.024 Alloyed
2 1.4 66/49 272 0.041 0.020 0.800 0.077 0.007 0.021 41.0 44.0 39.0 0.194 0.886 Un-treated

— 327 —



1454 - & L

% 68 4 (1982) 49 =

cylinder air I
pressure
welding f
current _y MMM \WM“M'

-—v/\\ O-pattern

(no splashing)

electrode
displacement

o A-pattern

I~ (splashing)
E
B-pattern
sre  (splashing)
P N

~—weld time— \

— time (=)

Fig. 2. Electrode displacement patterns during
welding.
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Fig. 3. Relationship between cavity ratio and
electrode displacement patterns.
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Photo. 2. Characteristic X-ray (Zn-Ka) and
secondary electron images of the structure (P
point of Photo. 1) near the un-mixed zone of
nugget in the specimen which forms explosion.
X : a region of which Zn concentration is high.
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Fig. 5. Effect of the Fe-Zn compounds, 3, {, &,
and I” of coating on the explosion ratio.

Photo. 4. Microstructure of the coatmg‘ of gal-
vannealed steel containing 0.05%,P, showing no F
phase. (0.069,C, 0.059,Nb)
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Photo. 5. Macrophotographs of the spot welds which show growing steps of nugget and
cavity in the specimens; (1) no coating, (2) §, coating, and (3) I' coating.
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Fig. 7. Effect of main welding current and
folloingTadditional current on explosion.
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Eo+Hary e M EHERE LD, R\ CERIIAERM
CTHBRELREL L, HEOERE TR OLZERY R
TAHHETHD., ZORKPEY Fig. 7 iRl E»b
bt ko, ZoFERIE ZEROGCEET
BB EBHALNATHS. bLlb, TOFHEL
BROBELXINHT D DOBTELO—2OFETH
DT, TRTCTCRAEVWI EZAELTEL.

6. & 93 U

2 AL RS 0 XU O SEETIC I ET 5 IR
Berw@irL, BRRELELEHIET 5HEYHEER IO
BEEWE L 0 RN L. BORARBRIIROLED T
BH5.

1) BRFELR, TXHodHRBRA CHREEREY
B BAEERCRE L L Kk b, BRAEE
i, BEOBBEMN A ED LN, BREMMNB <4
—v (Fig. 2) T, 0g » —30° LIEo L &b FELERE
b% <, BRENTRETS (Fig. 3 & 4),

i) BBELMHB A2 —vTh, 0 H —30° X H/h
Bk oEix, BRIEEC by (Fig. 3),

i) A&k Zn »OXER, 0.3 UL THY&t
EE, BRREAFR 104 x5 (Fig. 5).

LlEDmRd L SEBROBEBBOEE LB IS
.

a) Zn HOoXEIC 0.3 ¢ P EoEE O I H A FEET
5L, HOXBOBSEHLNSE LY, BEMEL L
CF 5y P OMESABCHETT 5. TORKER, Wik
W @E L DD F 7y PR E D ZFh, BCED
O In HEEXERL, BRXETS.

b) 74, b RFAE LZR, BHRiEELBEY 1
PAERBEBLEC LI, BERYPCERT A LN
T&% (Fig. 7)

Fhowx, BREEZMHETI>HKELTELDRS
FERRO LB TH 5.

1) 441t Zn »OXBOIH%Y 0.3 REOES
s, Ticht, BEPCEED Al ZEEML, Zn
BOEE MR L OERIC ~0.8¢ o (Fe-Al),
Al AR LD, RABPHEEALLL XS E8L0ESE
HaRY, Zn HOEXFY 06 AT S, Tiil,
S EEOPEEHEML, HRE Zn »HOX TRITOFEMIT
BWOfEEC PR35 X 5By EE, I
HOERZWHIT 5.

2) 2-2-2 OFEREFSECLT, BERENMEY 2 S
L, MifBERMTTakRr .y P EBEE LD, %l
BEFETERLESHBELT, +7y FPRBEDOER
Y EET 5.
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