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Abstract: Based on the self-developed wire and arc additive large prototype equipment, 64 groups of CN645ACW single layer single-pass
wire and arc addictive experiments were completed, the BP neural network of weld height and width vs. voltage, weld feeding speed and
welding speed was established. Based on the model, the additive parameters for special weld height and width were obtained. Following,
the 36 groups of single layer multi-pass additive experiments with various weld weight, width and weld spacing were performed, and the
BP neural network of welding surface smoothness was established. The influence of weld shape and weld spacing on weld surface smooth-
ness was fully analyzed. The results show that the surface smoothness of multi-pass weld increases with the increase of width, height and
spacing of weld. In the case of small multiple weld spacing, the increasing trend of surface smoothness increases with the increase of weld
width and spacing, while in the case of large multiple weld spacing, the increasing trend decreases. At the same weld spacing, the weld
surface smoothness is mainly determined by the stacking effect of wire and arc additive. The larger the weld width and height is, the more
obvious the stacking effect is and the worse the surface smoothness is.

Key words: wire and arc additive; BP neural network; weld shape; weld spacing; surface smoothness

BEEWME: BEEREAMATRBE (2018YFB1106502) ; ERK Tolks@#E T# (TCI80A3Y1/18) ; T AR QM 50 Fl 7R i % W= \p 2K &
BEAITH  (estc2018jszx-cyzdX0121) 5 KT ARG 50 & B E S5 5 ( este2019jsex-mbdx0080 )

F—1EE: NEB GREEE), 5, 1980 444, Bt #4E, FEAFMEAE P R B & BRFF, E-mail; quangz3000@
sina. com

W EHR: 2020 -03 -30; f&iTHHE: 2020 -06 - 15



204 AP T RE2E R

$21 %

51

s 22 188 k4 4 18 ( Wire and Are Additive Man-
ufacturing, WAAM) &8 T 20 209792 25 2 a)
BT 18— T LA b Ay A 8 30 2 A o s 4 ) A 1)
AU 20 AR, WAAM AR T Ok A b
LEHE M RO B W I 5 N DA, g A ke
BEWR . RIS AT I R EOR AR SE, WAAM
BARBEHHIRAG &, #WB) ZH TR &
B AR PE AR A . Bt s R
WAAM ZRAE A A A = . IR AR KRN 4 i 48 1A
PRSI SF R R E T OB RO TS8R A 855
PRI m o7 SR BECPRE T L ik PR R W, PR R
TET TR 304 50 Wi Js 2 39 6 ) R E PEFIORS BE, 0 — T
ARG 3 R o ) AT B R kE m o et
AT EMEREHRTIES, REEHEFRT
WAAM i 72 Wi 5 R sl mF o, k) %
I TS T AR AR N T B XU Bl
MRAGIRRGE, LTI BZE AR & 55
RO TELR HERR AT , I LA JS W02 A 8058 B o p 4%
A, MEECOEERAE R, ®RIT T RMEITA ¥
Pl , BT BT PR B R 1R A
PERE. MU 1, A A IR 22 5 B T2 28U
A5 1R E B a7 B 2 (R B Ok RAR AL, T
PR E RS R, &S A &N e
HEbE B 5

AR SCEE X HLUOII 22 522 20 38 1 b 1) 2 1T AS - 38
JEX—HE QA TR, WAEIHIE, K22
FRHE PR B RIS AR R BE 4 WOCH R R, BT RRERZH
G SOk RO B TE %, SIS
T 3 A v e AR, AR AN 2 UOR I
TR IR RN s . Bk, KRR
HERFIT R | 3% 2 o R KR 4 RE AR Dl AR B
W A5 A% T RN BEAE b HAR, EE ST G R,
SRIGHGIRAE TERE | AR A% 55 B I K B B 3 TR Ol
AR, BRI T8 BEAE i b HARBEATBIE 5T
BERUSR ik 35 BP #h 2 P48 IR B 2% 2], T A5 A AU i
177 FH - B0 R B Y e, ST ARAE TR . IRAERE
RG] FE 55 3 A P38 B (1 255 e 107t 1 T g H
WAL, DA T R AT 2 T 5 1 B ) 7 4 T
FREE RS A (R BE, o AR BP i 28 ) 28 S [n]
SKAFARTF UL M T | 3% 22 3188 KR 4 T 3 T g
AZSHL.

I BETHRNTESH - R
JEE WIS 5 A A i

L1 ETRERREIHNTZSH - BERKRE

KXRME

PR Z B 22 3G B R TV S AR AR TR AR SR
SEMIPECICVER S, N TR H BRI R,
it BT AN )RR BE T R R B A [R) B 4 22 4
FASCH, ARIBURH L 1 PR 22 20 30 4 22 399 bA 2 T - % 2
5. TR R, REPIR T 20 24
TZEZHGEW, TS 22 0 T 2250 - 14t
JERB G X RBM L HEE, A CEREREN
@1.2 mm [1) CN645SACW I 22 1 45 G4t , F)JH
H B R R H O 22 3 b R R A, i T3
R 4 7KF-1) 64 2 BB 22 M S50, M5 243
M EFLH: 24 ~30 V, X2 #E BN E: 7000 ~
13000 mm - min~', £ 3 @ B H. 500 ~
1100 mm « min "o 7 FF] B2 B T8 445 24 484 b4 52 36 B4
P T DAHL TR | % 22 R DA B KR 4 R R i A AR
i, FREE T RE A R O L A L B AR A
JEAR BP M2 M 4%, BB T 486 T2 5
B- REERM K RS, K1 AE 2 45004 BP
Pzs 2 ) [ HL R AR 4R G B LR, R
500 mm - min "' Ky [A] B, 3% 2 @ Ok 7000 ~
13000 mm - min ™" {14 KR 4% T 18R A T 45 R
P LRI, KRR O Bl K 22 9 RE Y 3 KT 4G K
(HYRH)—E RN, S8 7 K S AR5
B, T BEIR 22 38 5 1 K1) 4 T8 BE 1A 1Y g Bt A 24
SRR B PR DR TAT U /0N o 30K ek PR Ay v AR 4
—Em, KRB EREEREEREK, K
B K/ R A B B ] AR 22 s A i, 2% 22
i, R R, BRI B AE TR EOK
{EARIR) R T, 22 5 b 3 ) 498 O i 745 A5 4 PR oL
RESR 2B AR D, ks 2238 b i fe b, 48
B o R BB 6 22 P A G R B S K, SRR B
ftgEtEd (E2),
L2 ETHEEZEXRARERR -BELSTEEE

MR X RAGEE

AR V7 1 B2 LI A 22 1 B BP 28 ) 246 ]
AR f S BUARR S A5 65 90 B R0 JE SR 4 T2 5
Bz EpgUClc, PR 7Esf E 52 208 15 22 3G b S50
MH PR AREE DL (6 ~ 10 mm) FlE B (2.5 ~
3.5 mm) {H/5, # H bR EH A B2 5E IS 28 H



A e | =1 4 N L P
5510 1 PUEEL 55 B PR AR 1 52 2 1 KR8 3R - BE T 5T 205
9 _ 10 :
—=— 500 mm-min"! —8-500 mm-min’!
—o— 700 mm-min-! —e— 700 mm-min-! —t
L 900 mm-min-! — 9 [—a—900 mm-min-! A
—v— 1100 mm min-! ./././-/./. —v— 1100 mm-mip=
g’ 8 ———
2 ® 7t
5 ) /A/A—""“‘—
® = _a
=l g 6 o
s —v— Y]
A
4 5 A T/'/
—v
3 n " N L L 4 " M L R .
7000 8000 9000 10000 11000 12000 13000 7000 8000 9000 10000 11000 12000 13000
1% 22 3% )% /(mm-min!) 7% 2 3% % /(mm - min!)
@ (®)
12 12
—=— 500 mm-min! —a— 500 mm-min-!
11 ——700 mm-min-! 11 F*— 700 mm-min-!
—4—900 mm-min-! - —4— 900 mm-min-! -
10 F 1100 mm<min".,.—-'—"’_"""—‘ 10 b+ 1]00/[.;111/1}@.,—.—"'——-——!-—!—-
—a— __o—0—
8 g 2 ot
o /A/""—‘—-‘ g 8 e
® 7 _a—t m __a
¥ /‘/‘ by 7F T
6 ;__A/:::"__ ———V——V—7 - /‘/A
-—— vV
s v 6L ",'_,v""’
=
p—
4 " 5 i

7000 8000 9000 10000 11000 12000 13000
1% £ 3% % /(mm-min!)
(©

7000 8000 9000 10000 11000 12000 13000
%4 4 % /(mm-min-1)

@

P 1 AT o T AR o PS8 306 2 B o AR5 T P R W)

(a) 24 V

Fig. 1

BP pf 2 g rb S ] Bl B AR I XS L 9 22 386 14
TZ2Z8., BAHENER | BRI ZE L8G4 1
FESES, [a]— A5 4% T B A R R R R T 4 B L 0.6,
0.7, 0.8 F10.9 {54t 4 FoRFE O SREE A HE, it

®1 NATHEESERLEMIBRNEERRREIZSH
Tab.1 Weld shape and processing parameters applied to

single layer multi-pass wire and arc additive experiments

e J&%fﬁ:ﬁ JRAER  IR4M R/ PR/
BE/mm  EF/mm HBE/V (mm-min~') (mm-min~')
1 6 2.5 26. 1 12100 1040
2 8 2.5 29.1 11700 890
3 10 2.5 29.6 10900 580
4 6 3 24. 4 11500 850
§ 8 3 26.2 12100 740
6 10 3 29.3 13400 670
7 6 3.5 23.6 13500 800
8 8 3.5 25.6 13100 680
9 10 3 27,8 13300 530

(b) 26 V

(c)28V (d)30V

Effect of wire feeding speed on weld width at different voltages and welding speeds
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Experimental results of single layer multi-pass wire and arc additive at different process parameters
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Tab. 2 Statistical results of single layer multi-pass
weld surface smoothness (mm)

5 SKBRAN RETFEE | Y ERAN RETPEE
1 6-25-0.6  0.29 19 8-3-0.8 1.49
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3 6-2.5-0.8  0.49 21 10-3-0.6  0.71
4 6-25-0.9 0.77 22 10-3-0.7  0.83
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8 8-2.5-0.9 1.25 26 6-3.5-0.7 0.77
9 10-2.5-0.6 0.60 27 6-3.5-0.8 1.18
10 10-2.5-0.7  0.85 28 6-3.5-0.9 1.98
11 10-2.5-0.8  1.30 29 8-3.5-0.6 0.65
12 10-2.5-0.9  1.84 30 8-3.5-0.7 0.85
13 6-3-0.6 0.35 31 8-3.5-0.8 1.60
14 6-3-0.7 0.52 32 8-3.5-0.9 2.52
15 6-3-0.8 0.95 33 10-3.5-0.6 0.87
16 6-3-0.9 1.05 34 10-3.5-0.7 1.25
17 8-3-0.6 0.56 35 10-3.5-0.8 1.82
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Fig. 8 Effect of weld spacing on weld surface smoothness at different weld widths
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