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Defects in Flash Welded Zone of High Strength Chain
Synopsis :

A high strength chain is manufactured by bending steel bars, flash welding and subsequent heat treatment.
The defects in the flash welded zone have been investigated.

1. The defects are detected in the flash welded zone by UST of 20 MHz.

generated by welding.

The defects are oxide clusters

2. The defects are found more in the outer area than in the inner of the transverse section of a chain link.
This is because the molten steel flows to the inner area from the outer by the electromagnetic force gener-
ated during welding, thus the molten steel layer becomes thin in the outer area, where oxide clusters are
not ejected together with the molten steel and remain there.

3. The defects can be eliminated by an increase of upsetting length in the weld process ; this is the most
of the defect can be removed by cutting off the flash and oxide clusters are finely dispersed.

4, With increasing the upsetting length, the average impact value of the welded zone decreases but the

scatter of the value is improved.
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Fig. 1.

Main process of chain manufacture.
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Table 1. Chemical composition of steel bar used
for chain link.

C Si Mn P S Ni Cr Mo Al
0.22 0.25 1.34 0.021 0.005 0.72 0.96 0.48 0.028

Table 2. Conditions of flash welding.

Open Flashing Upsetting .
No. voltage length length Upsettmglcurrent
(V) (mm) (mm) cycle
1 9.4 14 8 0
2 11.6 14 8 0
3 12.7 14 8 0
4 13.3 14 8 0
5 11.6 14 6 [¢]
6 11.6 14 8 6
7 11.6 14 12 0
8 11.6 14 16 0
9 11.6 14 16 6
10 11.6 14 27 0

Table 3. Mechanical properties of heat treated
steel bar.

Tensile strength  Yield strength Elongation Reduction of
(kgf/mm?) (kgf/mm (G.L=70mm)(%) area (%)

96.7 83.7 17.4 69.0
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Fig. 3. Effect of open voltage on flash welding
time for 76 mm¢ chain link.
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Photo. 1. Effect of open voltage on appearance of flash welded joint. Numbers
correspond to the welding conditions in Table 2. Arrows show the inside of link.

Photo. 3. Cross sectional view of defect detected
by UST in flash welded zone.

Photo. 2. Photograph obtained by UST on flash :
welded zone of 76 mm chain link. An arrow shows
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Photo. 4. Scanning electron fractograph (a) and chemical analysis by EDX
(Energy Dispersive X-ray Spectrometer) (b) of flash weld defect.
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Fig. 4. Relationship between area of weld defect
and upsetting conditions of flash welding for

76 mm¢ chain link.
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Fig. 5. Relationship between Charpy impact value
at —20°C and upsetting conditions of flash welding
for 76 mmg chain link.
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Fig. 6. Effect of upsetting length on scattering of
Charpy impact value (—20°C) in flash weld zone of
chain links.
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Fig. 7. Relationship between defect obtained by
UST and impact value at —20°C. An arrow shows
the inside of link.
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welding.

Defect due to over heating during flash

Photo. 6. Oscillograph showing electric current
and voltage at final stage in flash welding.
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Photo. 7. Macrograph of flash weld joint of chain
link. An arrow shows the inside of link.
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Fig. 8. Electromagnetic
flash welding of chain link.
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Photo. 8. Crater on connecting plane just before
upsetting in flash welded process. An arrow
shows the inside of link.

E 7, BAMIIRT I v Yy IDEE S L— 5 =D
L%, Photo. 8 34+ —7VvEBE 127V, 75 v aff
4mm OEBCITIy v 7L, Ty Tty PEET
BErHH L CHRATIMOREL A0 TH L. BE
HICZ V=8 —DHAHI LS.
FELAEESE, 79y 20T v 7Ry MER
DEAHEGEEN ZIRE,LSEERERNLDTHS. L
L, Fig. 4 IR L&D, Ty Ty PESEKRE
CFBILICE2TI 7 ORMRIIHUFETESL. 0
HEIZ, IZORMEREL TV HEIEWOEEEKE S
BEehrLilHRLELLND. Ty Ty PRID
Bur&Mf2L 9t iiBABBAOEREMEHERL
ThHE, BEOEZIVHI2HEREL DTV,
COEBEBOWKE L bIC, BRiLWsGELZERED
na. EBIC, BEROY Yy VE—HEE EERETHR

— 180 —



HWEF L2 DTT v 2 BERORE 181

Photo. 9. Inclusions found on fracture surface of
Charpy test specimen.
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