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Fig.1 Schematic diagram of dependent variables (weld width,

weld height, weld depth) measurement
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Table 1 Code schedule of three-factor

Independent variable, X;

Dependent variable, Z;

X1 X2 X3

Upper asterisk arm, y 3.729 3.1 0.25
Lower asterisk arm, (-y)  2.492 25 1.9 0.15
Upper level (1) 3.6 3 0.24
Lower level (-1) 2.6 2 0.16
Zero level (0) 3.1 2.5 0.2
Variation interval, Aj 0.5 0.5 0.04
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Table 2 Codes schedule of one-time regression orthogonal Table 3  Design table of ternary quadratic regression
design orthogonal combination
No Column number No. Z; Z, Z3 Z1; Zi3 Zs3
L L L Zn I Z:9 1 1 1 1 1 1 1
1 1 1 1 1 1 1 2 1 1 -1 1 -1 -1
3 1 -1 1 -1 1 -1
2 ! ! ! ! ! ! 4 1 -1 -1 -1 -1 1
3 1 -1 1 -1 1 -1 5 1 1 1 1 4
4 1 -1 -1 -1 -1 1 6 -1 1 -1 -1 1 -1
5 -1 1 1 -1 -1 1 7 -1 -1 1 1 1A
6 -1 1 -1 11 1 -1 8 1 I i L L L
9 1.215 0 0 0 0 0
[ -1 1 1 1 -1 -1 10 -1.215 0 0 0 0 0
8 -1 -1 -1 1 1 1 11 0 1.215 0 0 0 0
12 0 -1.215 0 0 0 0
13 0 0 1.215 0 0 0
X R R T AR 2, SIS, S0 B 2 M T et e o o 125 o o o
HHys 1004 -1, -yo AR =0 TR HIERZ A A 15 0 0 0 0 0 0
wit#® (£3) .

AR B s I F K TSt Y ., RISk % ®4 =ZRTREPERASEPORBIZITR
TIEARM., FEX kIR E A (6) #H TH Otk ab Table 4 Central coding design of three-element of quadratic
H, b FREE R INE 3 . regression orthogonal combination

No. Zy Zy' Z3'

2§ =252 52] (6) 1 0.270 0.270 0.270
AL 2y o L2 R B U 2 ; o o o
WAL, iR SR 4 Bk SR U EA A4 . o0 om0 oo
GRS R, Hp R A B 2~ 4 Fros. 5 0.270 0.270 0.270

MR IE T B T AR AR TZ 28T, 6 0.270 0.270 0.270
JRAE A AR B, SIS . TR M TE AN ! 0.270 0.270 0.270
A, HH LIRS A Ak R IR : o - -
2 A BLAF, SR UL TR, 0 o oo
35 1 b T LA LR R 7 0 A KRR R, (BT " o o7 0747
SEHARSERARFEOKE, REAEER, A 12 -0.747 -0.747 0.747
DAIE Ao T 5 45 B 22 19 b 1) 3 T 2R SRR R R AR 13 -0.747 0.747 -0.747
K5 [ MBS L 14 -0.747 0.747 -0.747

15 -0.747 -0.747 -0.747
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Fig.2 Single welding section images of 1-6 group: (a) P=3.6 kW, WFS=3 m/min, T,=0.24 m/min; (b) P=3.6 kW, WFS=3 m/min,

T=0.16 m/min; (c) P=3.6 kW, WFS=2 m/min, T:=0.24 m/min; (d) P=3.6 kW, WFS=2 m/min, T;=0.16 m/min; (e) P=2.6 kW, WFS=3 m/min,
Ts=0.24 m/min; (f) P=2.6 kW, WFS=3 m/min, Ts=0.24 m/min
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Fig.3 Single welding section images of 7-12 group: (a) P=2.6 kW, WFS=2 m/min, T:=0.24 m/min; (b) P=2.6 kW, WFS=2 m/min, Ts=0.16 m/min;
(c) P=3.7 kW, WFS=2.5 m/min, T,=0.2 m/min; (d) P=2.5 kW, WFS=2.5 m/min, Ts=0.2 m/min; (e) P=3.1 kW, WFS=3.1 m/min,
T,=0.2 m/min; (f) P=3.1 kW, WFS=1.9 m/min, Ts=0.2 m/min
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Fig.4 Single welding section images of 13-15 group: (a) P=3.1 kW, WFS=2.5 m/min, T,=0.25 m/min; (b) P=3.1 kW, WFS=2.5 m/min,

Ts=0.15 m/min; (c) P=3.1 kW, WFS=2.5 m/min, T,=0.2 m/min
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Table 5 Results of three-element of quadratic regression TIRENEEBCEE N, SRAEmMNGE R NE 6 s, &5
orthogonal combination [ )= 53 A7 BT -
No. Yi/mm Yz/mm Ys Ya/mm e B REUE AR N3 R B 40 {5 K]
1 8.20 1.50 5.47 0.36 I 7 25 DR 3R R A2 BLAE R B s Ko, IR R R &
2 771 1.59 4.85 0.33 IRl 28 0F 5256 48 B 5 1 14 1E 7RH DG
3 9.36 1.46 6.41 1.50 I B S /N . C>A>A2>B2>AC>BC>
: 223 iiz 2;3 gig B>C2>AB, AJ I R4 FE X T 445 55 1 50 ok, i 2
6 8:10 1:94 4:18 0:16 BT R4 R e 1 R T AR 4 B IR 22 6 R 14
; 707 0.87 8.13 0.67 Wi, DIRAE RN LR RS IR, k4
8 8.60 i1 275 0.36 ARSI RILIEAH S, REGEE 560 B LA
9 8.26 118 7 131 K, WRIEE TR, ZeRe ), 3E TS EBUE TR .
10 10.82 1.59 6.80 0.09 I T R KN B>AC>BC>A2>C>B2>
11 8.00 1.35 5.93 0.54 AB>A>C2, ] Wik 22 3 Z 0 T 4% i 1) 5 ) f 5k, R4
12 8.26 1.31 6.31 0.36 R AR 55 XRS5 m BEIIEMS,
13 751 1.33 5.65 18 5 2 TR 0T S v T2 e SR I AR DG . R 1 5
14 7.21 1.31 55 1.67 W ARABL, MIRLZ A, DpFE— g, JREEEE RIS m
15

8.50 1.60 5.31 1.2 %lﬁﬁk%ﬁﬂ‘]{}ﬁd\o
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Table 6 Statistics of quadratic regression equation coefficient
bo A B C AB AC BC A2 B2 C2
\a 8.95 +0.7839 +0.1313 -0.8505 +0.015 -0.155 -0.135 -0.4428 -0.2396 +0.0279
Y, 151 -0.0578 +0.1926 -0.1284 +0.085 +0.18 -0.17 -0.1314 -0.0907 -0.023
Ys3 5.81 +0.9229 -0.8691 -0.217 -0.9106 -1.2 +0.9781 +0.4784 -0.519 +0.2176
\A 1.25 +0.4608 -0.1338 +0.1269 -0.1212 +0.1213 +0.2838 -0.1166 -0.0591 -0.2657

Note: A, B, and C represent the influence of power, wire feeding speed and welding speed, respectively; AB, AC, BC, A2, B2 and C2

represent the influence of the interaction of various factors
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Table 7  Statistical analysis performed on the quadratic
regression orthogonal models

Adjusted-R? Pred-R?> Adeq precision

Response, Y R?

ISR>0, 2 A5 k2 [ 1706 — 5 L 0 2 M % 2 B e or 00 AT

’ = Y, 09273 07965  0.3967  10.3623
Zo AW GTRERESH BEMETEREAERNEE Ys 0.8815  0.7483  0.8410 7.2913
PEKEHE, BRI E SR R>Rmine 5 R%>Rumin, M Ys 0.7924  0.4187  -1.3879  4.2796
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Table 8 Statistical analysis of significance of the quadratic

regression orthogonal models
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Table 9 Actual value and predicted value

Significance of total regression equation

Response, Y —
F-value Significance
Y1 6.16 falaied
Y, 7.09 Fkk
Y3 3.81 *x
Y4 2.12 No
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Fig.5 Single welding section (P=3 kW, WFS=2.4 m/min,
Ts=200 mm/min)

Parameter Predicted value Actual value Decision value/%
W/mm 8.7 8.6 1.12
H/mm 15 1.6 6.25
W/H 5.8 5.3 9.34
D/mm 1.16 1.21 4.13
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Fig.6 Relationships of weld lap: (a) missed lap, (b) under lap,

(c) ideal lap, and (d) over lap
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Fig.7 Lap model in ideal state between adjoin weld bead (b-weld
width, h-weld height, r-weld bead radius, a-center distance
between adjoin weld bead; section EAJE-the first weld
bead, section GBKG-the second weld bead; A-K represent
different points)
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Fig.8 Lap effect of different weld spacing: (a) 4.8 mm, (b) 5.3 mm, and (c) 5.8 mm
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Effect of Plasma Fuse Additive Manufacturing Process Parameters on the Formability
of RT-1400 Titanium Alloy

Zhang Pengfei, Xie Longfei, Zhang Lingfeng, Liu Mengmeng, Ji Kunhai, Tian Quanwei, Li Heng
(Xi’an Rare Metal Materials Institute Co., Ltd, Xi’an 710016, China)

Abstract: The influence of different plasma fuse additive manufacturing process parameters on the formability of RT-1400 titanium alloy
was studied by quadratic regression orthogonal experiment. The results show that the welding speed has the greatest influence on the
welding width, and the interaction between power and welding speed has the least influence on the welding width. The effect of wire
feeding speed on the melting height is the greatest, and the effect of welding speed on the melting height is the least. The interaction
between power and wire feeding rate has the greatest influence on aspect ratio, and the welding speed has the least influence on aspect ratio.
The melting depth is mainly affected by the heat input, i.e. the power. The error between the predicted value and the actual value of the
quadratic regression model is less than 10%. The suitable parameters for the plasma fuse additive manufacturing process of RT-1400
titanium alloy: welding power P=3 kW, wire feed speed WFS=2.4 m/min, scanning speed Ts=0.2 m/min, welding pass spacing=5.3 mm,
using interlayer orthogonal scanning mode.

Key words: plasma fuse additive manufacturing; process parameters; quadratic regression orthogonal experiment; formability
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