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Crackings Observed in High Speed, One Pass Fillet Weldment
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Synopsis :

Downhand fillet weldments with a constant leg length were made using HT-50 steels in
various welding speeds up to 2m/min. The crackings which occurred in the high speed
weldments were examined and classified in four kinds. The contour lines of crater were
obtained by the decantation method. It was observed that with an increase in welding
speed, the crater changed from tear drop to slender shape with a necking. This
phenomenon is reasonably explained in terms of the model of viscous flow in a cylinder,
and it is shown that the necking appears when the Reynolds' number of the flow exceeds
310. The growth rates in every location of bead surface were approximately estimated
from a tangent to the contour line. The growth rates at the vicinity of the necking and at
the bead center are found to be over 3.5 mm/sec, suggesting that the solidification
substructures tend to be cellular or equiaxed dendritic. This fact was demonstrated by
the metallurgical examination. The mechanisms of four kinds of typical cracking
observed in high speed downhand fillet welding are also explained using the above

mentioned analysis of solidification mode.
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Downhand fillet weldments with a constant leg length were made using HT-50 steels in various

welding speeds up to 2m/min. The crackings which occurred in the high speed weldments were

examined and classified in four kinds.

The contour lines of crater were obtained by the decantation method.

It was observed that with an increase in welding speed, the crater changed from tear drop to slender

shape with a necking. This phenomenon is reasonably explained in terms of the model of viscous

flow in a cylinder, and it is shown that the necking appears when the Reynolds' number of the flow

exceeds 310.

The growth rates in every location of bead surface were approximately estimated from a tangent to

the contour line.

The growth rates at the vicinity of the necking and at the bead center are found to be over 3.3

mm/sec, suggesting that the solidification substructures tend to be cellular or equiaxed dendritic. This

fact was demonstrated by the metallurgical examination.

The mechanisms of four kinds of typical cracking observed in high speed downhand fillat welding

are also explained using the abcve mentioned analysis of solidification mode.
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Table 1 Chemical compositions of the base plates (%)

Plate thickness (mm) \ c | si Mn P 5 \ Cu \ Al
20 | 014 | 0.35 | 118 | o018 0.017} 0.10 | 0.026
35 ‘ 0.16 | 033 | 132 | 0.013 0.019\ 0.11 | 0.031
—
T \

\VJ\U\U

Fig. 1 Dimensions of the crack
test specimen

Table 2 Welding conditions in the restraint cracking test

Leading electrode Trailing electrode | Welding | Electrode
- —————| speed spacing
No. Current Voltage Current \ Voltage ) Notes
LW @ | W |(emmin| (mm)
1 1000 34 \ wo | a2 1o 30 —
2 1100 | 3 \ 1000 t 45 i 130 | —
3 | 1300 | w7 1200 | 46 | 150 |~ —
4 | 1so0 | 39 ta0 | 47 | 17 ” —
T - Tron powder
5 | 1w0 | 36 Looo | 40 | 160 ” } e
6 | 1300 ‘ 37 1150 | 43 i 180 " \ ”
7 | 1400 ‘ 38 1200 ‘ 48 \ 200 ” ‘ ”
Table 3 Chemical composition of the flux (%)

Fe0 | sio, | Mn0 | TiO, | ALO,

CaF, | Ca0 %MgO

0.3 ! 46.3 1‘

33.1L 0.1 L 2.9 ‘ 7.3 \ 5.9 ‘ 1.9
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Table 4 Results for the cracking iest of 20 mm in plate thickness
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BELROESE S Smm UTOhh

VAL ©— FRSTERACHE > TREL, BH
THHE XL Tmm DT CEEFmOR X7
EDHR

I 20 mm DREBF & AGIR S OFBRER

o2 Table 4 ChbH, WELHBL CLEHD

R BRI b B THRF 20,35mm DR %

wa+o . Table5 0 L 3 iicote, ¥, AU

s TR ENICH S L D EE X 10mm

“Eo.___ Welding speed l

| 150

e 110 130 1 170
 waad | - - —
Types of crack ™ _No| 1 2 1 2 1 2 1 2
|

| _

5 0 12 1 17 21 26
Type 1 3 3 ! -

0 5 11 4 22 20 35 28

2 3
Type 11 _07‘7‘_0 0 v __0._ 0 .

o I oo 0 0 0 0 5 2
Type 1L _0 0 _ 0 0 0 0 _ 1 27

0 0 0 0 2 1 0 2

3 2

Type IV o | 0 ol o 0 0 |
0 | 0 0| o 0 0 0 3

Bead No. 1 & 2 are 1st and 2nd pass respectively.

Table 5 Results for the cracking test without anything addition to groove

- Welding speed . i
. 110 130 150 170

Types of cra;.&\% 1 \ 2 1 2 1 2 1 2
B Type 1 AN Fay Al oA x X P <
T Type N O _‘_O O |0 oo | x| x
- Type 111 O 0010 A | A x| X
:j*Twﬁv'__fb746_ o ol ol alal <

(O : No crack At Possibly prack : Crack

— 19 —
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Table 6 Results for the cracking test with iron powder addition to groove

___ Welding speed |
R e 160 180 200
. Beat:iii
Types of crack - _\_\No. 1 2 1 2 1 2
Type I o 1 0 A A x 1 x
~ Typell O o | 0O O H LA
Type 111 O O Fay N = %
~ Type IV @) O &) Ta A %
(O: No crack 2\t Possibly crack % @ Crack

BALicbaoERY ¥ L5 L Table6 0 1 5

Cich, SERTEMLEVEZE b ThhAD

TerBR FEREE Y 30~70 cm/min R L 7,
BEEFEOMINC L bbb BEEE AT o

i, TAWBEY-ro @/FE: (WD) »
Table TR+ L 5w/ 2L o TREHDERT
AERERRESEEL, ¥, RHMOEARNH
LT (C) A8+ %o Table 8 iwk3 15

Table 7 Configuration of the fillet weldments

Bead shape

g Factors Fusion
Welc;.\\“\\ Wiﬁl{}h PenetDration W ratio¥
b\ By | oy D |
110 21.0 10.5 2.00 55.4

130 20.8 10.9 o1 1 620

T T 1s0 21.0 12.0 175 | 661
170 21.2 14.2 1.49 71.2

Add. 10 | 205 | 104 1.97 45.0
10mm | 180 19.7 10.9 1.82 50.3
height 200 | 20.6 11.8 L74 | 56.1

* Fusion zone of base plate ~Weld fusion zone

Table 8 Characteristics of the fillet weldments

\\ Experimtent Tensile test Chemical composition (%)
\ erm I o
N\ ‘@N Y.P. TS. Bl | RA ¢ s | vn | P .
powd\ (cm/miny™ | (K&/mm®) | (kg/mm?) (%) 1 (%>
) 110 5 | 6 | 22 | 58 | 0.08 | 049 | 1.4 | 0.016] 0.020
B 10 | s | & 25 | 57 | 0.09 | 048 | 1.42 | 0.006| 0.019
T 55 | 68 o4 | 57 | 0.l | 048 | 1.36 | 0.015| 0.017
170 57 70 23 52 | o1 | 0.46 | 1.41 | 0,015 | 0.016
Add 160 51 65 26 51 | 0.07 | 0.47 | 1.36 | 0.016] 0.017
10 mm 180 55 68 | 25 | 47 | 0.09 | 0.44 | 1.30 | 0.014]| 0.017
height | 200 " 56 70 | 23 | 47 | 0.09 | 0.41 | 1.25 | 0.014| 0.015
* All deposited metal 44 | 55 28 | 67 | 0.04 | 0.58 | 1.55 | 0.014| 0.022
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Fig. 4 Flow with a source in a uniform flow

Table 9 Relatlonshlp among weldmg conditions and the bead width of the fillet weldments

No N Current x Volt. | Weld speed Bead width No Current x Volt Weld. speed Bead w1dth
. | m' (W) 1 (cm/sec) {cm) . m’ (W) (cm/sec) {em)
1 \ 1.50% 10* % 0.50 1.59 13 3.42% 104 0.83 1.90
2 \ 1.50 % 10* | 0.83 1.39 14 3.24x 10* 1.42 1.36
3 \ 1.50 % 10* 1.17 1.09 15 3.24 % 10 2.00 1.19
| o -~
4| 1.88x10° 0.67 1.51 i6 3.90% 10* 0.83 1.88
. i i , . b .
5 ‘ 1.68 % 10 } 1.17 ] 1.22 17 3.70 % 10! 1 1.17 1.47
6 ‘ 1.68 % 10* 1.67 1.16 18 3.60% 10* 1.67 1.22
7‘ 2.45 % 10¢ 0.88 | 157 19 3.50% 10* 2.08 1.12
—_— : R - — ,,L,,, —_—
8 | zasxw | L 1.26 20 4.73% 10° 0.50 2.17
o | zasxit | 2o | 1o 21 4.73% 10¢ oo | L7
10| 28810 g 0.83 ; 1.64 22 ‘ 4.51 % 10* L5 | 150
1| z.88x10f 142 | 1. 23 4.29% 10" 2.00 \ 1.24
12 | 2.88x10t 2.00 1.19 21 | 516100 | 08 | 210
! o bl .. . [
No. 1~12: 4,8 mmg¢ Wire 25 5.16x100 | 1.33 ‘ 1.60
No. 13~26: 6.4 mmg Wire 2 i 4 80 % 10* 1.83 ‘ 1.36
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Table 10 The critical Reynolds' number
Re. with necking in crater

m' g | 4 | Re.

No. S
(W) {cm/sec) | (cm) ‘Calc. ‘ Av.
167 | 107 | 312

4~ 6 |1.68x10*| 1.58 ¢ 1.10 304

T~ 9 |2.45%10*| 1.50 121 | 317

10~12 | 2.88x10°| 1.42 | 1.28 | 318 |

15 a0 tat | 1 | wi| oo
16~19 1 3.70x 100 1.17 | 1.47 | 301
20~23 |4.73%10°| 1.00 | 1.75 | 307

24~26 |5.16%10°| 0.83 | 2.10 | 305

1~ 3] 1.50x10}]
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