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Effect of process parameters on formation quality of clads deposited by hot wire pulsed TIG
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Abstract Based on the central composite design, Inconel 625 alloy was welded on the plates of AISI 4130 by hot wire pulsed TIG
[ HPTIG ). Response surface method was utilized to establish the mathematical models between process parameters and clad
width, height and dilution rate. The significance, lack of fit and validation tests indicate that the developed models can predict
the formation quality of clads with high accuracy. Meanwhile, the eflect of the process parameters on the formation quality of
clads was studied in detail. The main factor affecting on weld height is the welding speed. The main factor affecting on weld width

and dilution rate is the duty cycle. The formation quality is also affected by the interaction of the peak current, base current and

the duty eyele. Main interactive factors affecting on weld height and dilution rate are peak current and dilution rate.
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Table 1 Chemical composition of base metal and filler wire

(mass fraction/%)
JLE  AISI4130 ERNiCrMo-3 || JLFE  AISI 4130 ERNiCrMo-3
C 0.290 0.010 Ti 0.006 0.200
Si 0.200 - Cu 0.020 <0.010
Nb — 3.530 Fe Bal 0.320
Mn 0.510 — Mo 0.175 8.730
Cr 0.990 22.650 Al 0.006 0.160
Ni 0.020 64.240 S 0.016 -
r 0.021 — Other - 0.160
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Table 2 Fixed process parameters
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UL/ (L min™) 15.0
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Table 3 Values and codes of process parameters
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Fig.1 Schematic diagram of typical weld head
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Table 4 Design of experiment and responses

Gl L2 Il 17 {EL
e ow I, L f B Y, Y, Y,

1 0O 2 0 0 0 220 83% 0272
2 -1 -1 1 -1 -1 266 1772 0213
3 1 1 1 =1 -1 195 755 0288
4 1 1 =1 =1 1 184 834 0327
5 2 0 0 0 0 188 761 0292
6 -1 1 1 -1 1 252 874 0253
7 O 0 0 0 0 220 751 0272
8 1 -1 1 1 -1 214 660 0224
9 0o 0 2 0 0 23 741 0221
o -1 -1 -1 -1 1 250 83 0253
1 0o 0 0 -2 0 210 815 0301
12 0O -2 0 0 0 238 706 0230
13 0o 0 0 2 0 229 744 0227
14 0 0 0 0 223 748 0259
5 -1 1 1 1 =1 262 810 0214
16 O 0 0 0 2 219 838 0284
7 -1 1 -1 -1 -1 263 801 0215
8 1 1 1 1 1 205 819 0267
19 0o 0 0 0 0 226 749 0273
20 0O 0 0 0 -2 245 692 055
21 -1 1 -1 1 1 254 869 0254
22 6O 0 0 0 0 229 769 0255
23 -1 -1 1 1 1 257 833 0247
24 -1 -1 -1 1 -1 28 724 0.173
25 1 -1 -1 1 1 205 782 0303
26 1 =1 1 =1 1 1% 780 0290
27 o 0 0 0 0 225 7172 0262
28 1 1 -1 1 =1 204 745 0239
29 o 0 0 0 0 226 770 0261
30 1 -1 -1 =1 =1 211 673 0228
31 2 0 0 0 0 304 806 0213
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Y,=23.57-0.301v, - 0.0641, - 0.131, + 0.144f -
14.085 +0.031 6 +4.5x 101 I, +0.051,6+  (3)
5.59x 107> - 0.016f* + 1.538 ;
Y,=3.581-0.3950, +0.037, +3.083 x 107], -
0.508f+ 4.0545 +8.83 X 107°0,* + 0.0697” ;
Y,=-2.167+6.97x 107y, +4.313x10”] -
0.012 3f+9.85x 1071, +4.7896 - 0.0211,6 - (5)
6.875% 1071 8-0.883 15358° -
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Table 5 Significance check of regression model

?!';1 ¥ ¥,
LU P{E U Pl AL Pl

(4)

Kl <0.0001  #ER <0.000 1 Y <0.000 1
s <(.000 1 . <0.000 1 v, <0.000 1
Iy <0.000 | I <0.000 1 8 0.003 3
1, 0.724 6 2 0.0230 I, 0.460 4
I <0.000 1 f <0.000 1 f 0.000 1
5 <0.000 1 8 <0.000 1 i <0.000 1

I, 0.016 2 e 0.027 0 Iid 0.046 2
1,6 0.002 3 £ 0.0510 15 0.004 6
I8 0.008 5 5 0.001 2
T < (.000 1
f 0.019 6
& 0.002 46
A 0.399 0 il 0.1180 F 4t 0.070 6

R=09905 R.=0985 R=0902 R.=0878 R=0908 R.=0.876




= 6311 FR/ANASE I ik TIC T Z S 8O0 R S U i SR T 50 63
1521 - 17288 15 /) ot Jok oo 57 3% ) 98 T i 2246 e , B (v

2.3 W IEIEUE

ke e Ny AR Ay AT SR JEE A T HE AR AEIE X
55, T T 2. 280, gk 6 s . HA &4 5 Yeni il 5e
PR dF—2, 58 UL Ee Py 15 3 il e 45 00, IR 7 Fhs .
AT a5 0 (A R ), B RR 2R
4.778% , H— 150, A1) FH [m] 0275 72 i) SR 4 (= B
Ui R R R A A TR

F6 RRBIETZSH
Table 6 Process parameters of validation tests

5 w/lem-min™) IJA LA fTHz 8
1 22.05 214.34 90.01 4.87 0.30
2 17.15 248.32 90.00 3.86 0.30
3 20.50 237.76 103.88 222 0.38
4 16.96 218.28 108.09 4.42 0.47
T 7 WIEHWSER

Table 7 Validation test results

I§ ¥Yi'mm ¥almm ¥a

O Mt B2 R L iR T O iR

1 2495 2384 -4449 6.236 6.045 -3.061 0.110 0.106 -4.038
2 2517 2472 -1.788 7.390 7.031 -3.152 0.150 0.156 3.B6l
3 2015 2051 1786 7389 7.742 47978 0.260 0.267 2.561
4 2493 2396 -3.891 7309 7463 2.111 0210 0215 2367

3 HARKIT®

3.1 FERRLXFIREE = B2 M)

3 Ao A 37 R e AR ] DATROI b A5 B A, A
R AKSEACA B 7 AR R, BT 45 30 A0 Lo Y R Ji
(B 7EIr B 5 2R A R2 e, H Al PR 2R B AT (L
3.1.1 TSR 48 20

TZZHON R4 = BRSSP 2 frzs . Bl
FEHE PR R N, AR i PR R ) . R TR D 2 4R
2 it 25 T RE D SE (ELA , Bl 3 T B2 Y3, R S BT I

BE TR ST e B HARR 82D |, By DA e BE PR 11 . [H]
Bk a] DL H , J8 4% & BE Bl (e r O o5 28 Ee au s
3.0,
2.8
£ 26
%“52.4 A
%22 i G
%0 g | :
1.8 .. (E8
1o -2 -1 0 1 2
(A 2 il

F2 TS0 1543 e B AR

Fig.2 Effect of process parameters on clad height
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Fig.3 Effect of process parameters on clad width
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Fig.d Effect of process parameters on dilution rate
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Fig.5 Effect of process parameters
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