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î NGHIEN CU'U ANH HU'DNG CUA CAC THONG S6 CH^ 
DO HAN D^N CAC K ICH THU'OC M 6 | HAN KHI SU 

DUNG THUOC HAN THIEU KiT HE BAZO THAP 

RESEARCH THE INFLUENCES OF THE WELDING PARAMETERS ON WELD 
BEAD GEOMETRY USING THE AGGLOMERATED NEUTRAL FLUX 

FOR SUBMERGED ARC WELDING 

TS.VuHuyLan 

Trfldng Dai hge Bach Khoa H i Ndi 

Trong bdi bdo ndy, trinh bay nghien ciiu dnh hddng cua cdc thong so che do hdn den cdc kich 

thudc moi hdn khi hdn tU dong dudildp thudc thieu ket he bazd thdp (8=^1,1), cdc kit cdu thep cacbon 

thdp vd thep hdp kim thdp Id vdn di cdp thiet trong linh vUc sdn xudt vdt lieu hdn. Bdi bdo neu cdc ket 

qud nghien cUu dnh hUdng cua cdc thong sd che do hdn chu yeu (I, U, VJ din cdc kich thudcmoihdn 

vd phUdngphdp xac dinh gid tri toi Uu cua chung. Ket qud nghien ciiu dUdc s^ dung dixdy dUng bdn 

hudng ddn sit dung thudc hdn thieu kit he bazd thdp, tUdng dUdng loai F7A(P) 2 theo tieu chudn AWS 

A5.17'80. 

TiJf khoa: loi Uu hoa; Thudc hdn thieu ket he bazd thdp; Thuoc hdn F7A(P)2-BK; Thong sd chi 

do hdn; Hdn tU dgng dUdi ldp thudc. 

In this paper, the research the influence of the welding parameters on weld bead geometry using 

the ag^merated neutral flux (B=l,l) during submerged arc welding (SAW) for the production of low-carbon 

steel and low-alloy steel is currently an urgent inssue manufacturing welding materials. This paper 

reports the results of research the influence of the parameters (I, U, VJ on weld bead geometry and were 

determined optimized values of the welding parameters. This results use the design for the manual the 

agglomerated neutraflux F7A(P) 2 according to AWS A5.17-80. 

Keywords: Optimization; Agglomerated neutraflux; Flux F7A(P)2-BK; Welding parameters; 

submerged arc welding (SAW). '^ 
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NGHIEN Cl>U - TRAO DOI 

l .DATVANDE 

Hiln nay, edng nghe ban tfl dgng dudi 
ldp thude SAW (Submerged Arc Welding) dUdc 
sfl dung kha phd bien d nfldc ta d l ban cae kit 
cau thep cd ylu eau chat Ifldng cao. Nen ed nhu 
cau vl thudc hin thieu ket he bazd. Trfldng Dai 
hgc Bach Khoa Ha Ndi da nghiln cflu vi chi tao 
mdt sd loai thuoc h in thieu kit, trong do, ed loai 
thude h in thilu kit he bazd thap F7A(P)2-BK. 
D l sfl dung dung va hilu qua Idai thudc ban nay 
can nghien cflu mdi quan he gifla cae thdng sd 
ehi do ban vi sfl hinh thanh mdi ban. Do vay, 
cdng trinh nay se trinh bay kit qua nghiln cflu 
theo ngi dung tren. 

Muc t i lu va ndi dung nghien cflu: 

Muc tieu cua nghien cflu la tim ra quy 
luat inh hfldng cua cic thdng sd che do ban chfl 
ylu trong qua trinh h in SAW din sU hinh thanh 
mdi ban, khi ban bang thudc ban thilu kit he 
bazd thap F7A(P)2-BK. 

Ngi dung nghien cflu gdm ed: 

+ Nghien cflu anh hfldng cua cac thdng 
sd che do h in din sfl hinh thanh moi ban v i he 
sd thuoe ban ndng ehay khi hin thudc hin thilu 
ket he bazd thap F7A(P)2-BK. 

+ Tdi Uu hda chi do hin va xae dinh he sd 
thudc ban ndng chay eho thudc ban bazd thip. 

2. DOI Tl/ONG, V A T LIEU VA PHUONG 
PHAP NGHIEN CtJtJ 

2.1. Doi tugng nghien cflu 

- Ddi tfldng la thudc ban thieu kit he 
bazd thap (B=l,l) tfldng dfldng vdi loai thude 
ban F7A(P) 2 theo tieu chuan cua Hdi Hin My 
AWS A5.17-80 dflgc ki hieu F7A(P)2-BK. 

- Vat ban la thep tam cd ehieu day d i ln^ 
binh: S = 20 mm hin ket giap mdi khdng vit 
mep, tfl the IG, day ban dfldng kinh d = 4,0 mm. 

2.2. Vat lieu va thiet bi nghiln ciiu 

- Vat h lu de che tao mau h in la thep kit 
cau ban SM400B theo JIS G3106, kich thfldc 
mau theo tieu ehuan [5,6]. 

- Day hin dung kit hgp vdi thuoe ban la 
ELS theo tieu chuan AWS A5.17-80. 

- Thilt bi nghien cflu chu yeu: 

• Miy han tfl ddng dfldi ldp thudc Dosun 

• Cac dung eu do, ein mau vdi ylu eau ky 
thuat theo tilu chuan. 

2.3. PhUdng phap nghien cflu 

Phfldng phip nghiln cflu kit hdp 
nghien cflu ly thuyet va thfle nghiim. 

- CTng dung quy hoaeh thfle nghiim de 
nghiln cflu anh hildng cua cac thdng sd che do 
h in den sfl hinh thanh mdi ban va he sd thuoc 
ban ndng chay vi xae dinh gia tri hdp ly cua 
chung. 

- Md hinh nghien cflu cd dang tdng quat: 

Y = f ( X . ) , i = l ^ k 

Trong dd: 

+ X̂  - Cie thdng sd chi do h in (I, U, VJ . 
-I- Y - Ham muc tieu l i cic kich thflde mdi hin 
va he sd thuoe h in ndng ehay gdm ed: 
• Chilu rdng mdi ban b, mm; 
• Chilu cao dap cua mdi ban e, mm; 
• Chilu siu ngau cua mdi h in h, mm; 
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NGHIEN CU'U-TRAO 0(!)l 

• HI sd thudc ban ndng chay k̂ ^ = GJG^. 
o G^ - Khdi Ifldng thuoe ban ndng chay, g. 
0 G^ - Khdi lugng kim loai dap tfldng flng vdi 
khdi Ifldng thudc han ndng chiy d tren, g. 

Md hinh cd dang quan he nhfl sau: 

b , c , h , k . = f ( I , U , V ) ) (1) 

Hinh 1. Cdc kich thudc cd bdn cua moi han 

Cac kich thfldc mdi h in va he sd thudc 
han ndng ehay phu thudc vao tinh chat ly nhiet 
cua thudc h in va gii tri cua eac thdng sd chi do 
ban. 

3. KE HOACH THlJC NGHIEM 

3.1. Xay dUng ke hoach thUc nghi im 

- Md hinh nghiln cflu (1) cd dang da 
thfle bac 2 theo [2,5,6] nhfl sau: 

+ Xj - Cfldng do ddng dien ban I, A; 
+ X^ - Dien ip ban U, V; 
-I- Xj - Van toe han Y^, inch/ph (ipm). 

Cic biln sd che do han cdn Iai dflde gifl 
CO dinh: 

+ Tim vdi dien cflc: 30 mm; 
+ Gdc nghiing diln cdc: 0°. 

Chgn ke hoach thfle nghiem trflc giao 
hai mUc toi Uu cua Box - Wilson cd khoang biln 
thiln eua cae biln sd va ke hoach thUc nghiim 
nhfl sau. 

Bdng 1. Khodng bien thiin cda cdc bien sd 

Y = b^ + b,X, + .... + bX + bĵ X^X^ + . hb„X,^ 

Cac bien dau vao nhfl sau: 

Bdng 2: Bdng ke hoach thUc 

Cac bi^n 
so 

Miic tren 

Miic ccf 
sd 

Miic diidi 

Khoang 
bi^n 
thien 

Biin thuc 

Ii,,A 

850 

700 

550 

150 

V 

z. 
40 

32 

24 

8 

ipm 

z, 
36 

24 

12 

12 

Bien ma hoa 

X, 

+ 1 

0 

-1 

X, 

+1 

0 

-1 

X, 

+1 

0 

-1 

X - Cdc hien soma hoa (ichong thU nguyen). 

nghiem vd kit qud thi nghiem 

N»thi 
nghiem 

1 

2 

3 

4 

5 

Gia t r 

Z, 

550 

850 

550 

850 

550 

cac bien thifc 

z. 
24 

24 

40 

40 

24 

z. 
12 

12 

12 

12 

36 

Gia tri 

X, 

-1 

+1 

-1 

+1 

-1 

cac bien 

X, 

-1 

-1 

+ 1 

+ 1 

-1 

ma hoa 

x. 
-1 

-1 

-1 

-1 

+1 

Gia tri cac ham muc tieu 

b,Y, 

13.7 

21.7 

21.2 

28.6 

9.5 

^.Y. 

4.3 

4 

3.5 

3.2 

3.3 

h .Y, 

1.9 

5.3 

1.0 

2.8 

1.4 

VY, 
0.75 

0.60 

1.48 

1.32 

0.55 
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6 
7 
8 
9 

10 
11 
12 

13 
14 

15 
16 
17 

850 
550 
850 
517.7 

882.2 

700 

700 
700 
700 
700 
700 
700 

24 
40 
40 
32 
32 
22.2 

41.7 

32 
32 
32 
32 
32 

36 
36 
36 
24 
24 
24 

24 
9.4 
38.5 

24 
24 
24 

+1 
-1 
+1 

- 1,215 

+ 1,215 

0 

0 
0 
0 
0 
0 
0 

-1 
+1 
+1 
0 
0 

- 1,215 

+ 1,215 

0 
0 
0 
0 
0 

+1 
+1 
+1 
0 
0 
0 
0 

- 1,215 

+ 1,215 

0 
0 
0 

13 
11 
15.3 

12 
19.4 

12.6 

17.2 

26.2 

13 
16.4 

16.8 

16.6 

2.8 
1.9 
2.6 
2.6 
2.7 
3.3 
2.4 

5.2 
2.1 
2.5 

2.7 
2.3 

3.2 
1.1 

4.6 
1.0 

4.0 
2.1 
3.0 

2.0 
2.4 
2.0 
2.1 

1.9 

0.55 

1.72 

0.95 

0.86 

0.75 

0.57 

1.29 

1.06 

0.90 

0.85 

0.89 

0.81 

3.4. Tien hanh thi nghiim 

Mau kiem tra dflgc chuan bi theo tilu 
chuan ANSI/AWS B4.0 vi dflde tien h inh ban 
vdi eac gia tri cfla eic bien sd nhfl bang k l hoach 
thfle nghiim nlu tren. Miu sau h in dUdc gia 
cdng, tam thUc vi xic dinh eac kich thfldc mdi 
hin va Iflgng thudc ban ndng chay. 

Hinh 3. Mdu dd hdn xong 

Mau sau khi hin se tien hinh gia edng. 

Hinh 5. Hinh dang vd kich thUdc moi hdn 

Kit qua cudi cung la trung binh cdng 
eua 3 thi nghiim song song eho cac sd lieu thi 
nghiim. 

4. KET QUA VA THAO LUAN 

4.1. Xfl lysd lieu 

Xfl ly cae sd lieu thi nghiem bang phan 
mim chuyen dung nhan dflde cac phfldng trinh 
hoi quy sau day: 

b = 16.754 + 2.393Xj h 1.821X^ - 4.O49X3 . 
0.106X,Xj - 0.604X^X3 - 0.782X^X3 -0.487X,^ -
0.690X^ + 1.139X3^ (2) 

HI sd tfldng quan: R^ = 0,992. 

e = 2.564 - O.OieXj - 0.326X^ - O.6I5X3 . 
0.098XjX^ + 0.054X,X3 - 0.052X^X3 + 0.029X^^ + 
0.072X,^ + 0.385X3^ 

Hinh 4. Mdu sau hdn duac cat dido 
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He sd tfldng quan R^ = 0,855 

h = 2.009 +1.074X, - 0.092Xj - O.OOO4X3 + 
0.012X,X^ - 6.437X1X3 + 0-349X^X3 + 0.210X,^ + 
0.204X^^ + 0.063X3^ 

He sd tfldng quan R^ = 0,897 

k^ = 0.818 - 0.084Xj + O.294X3 - O.O39X3 -
0.066X,X^ - 0.040X1X3 + O.OO8X3X3 + 0.006X,^ + 
0.050X^2 -I- 0.066X3^ 

He sd tfldng quan R^ = 0,938. 

Mflc do tfldng thich cfla cac phfldng 
trinh hdi qui cao, vdi cae be sd tfldng quan tfl R̂  
= 0,855 -^ 0,992. 

4.2. Bleu dien cac difdng dac tinh 

Tfl phfldng trinh hdi quy bilu dien eac 
dfldng dac tinh nhfl sau: 

4.2.1. Suphu thuoc cua chieu rang moi hdn vdo 
chidd hdn 

- Anh hudng cua eUdng do ddng diln 
den chieu rdng mdi ban b. 

Hinh 6. Chieu rong moi hdn phu thuoc vdo I 

- Anh hudng cua dien ip ban din ehilu 
rdng moi han b. 

X O l l K V B X B a 

Hinh 7. Chiiu rdng moi hdn phu thuoc vao U 

Dac tinh cfla do thi eho thay khi I va U 
tang thi chieu rdng mdi ban tang manh. 

- Anh hudng cua van toe han den ehieu 
rdng mdi han b: 

Hinh 8. Chieu rong moi hdn phu thudc vdo V^^ 

Hinh bieu dien cho thay van tdc ban l im 
giam manh b l rdng mdi han. 

- Su phu thude cfla ehilu rdng moi ban b 
vao cac yeu to dang 3D: 

+ Anh hfldng ddng thdi cua cfldng do 
ddng dien va dien ip ban den ehieu rdng mdi 
h in vdi van tdc han khdng doi ed dang sau day. 

Hinh 9. Chieu rong moi hdn vdo tvdU 
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-I- Tuong tu inh hUdng ddng thdi eua Cac dd thi cho thay V^ anh hUdng manh 
cUdng do ddng dien va van toe b in den chieu nhat den chilu eao c mdi han, sau do den Ih va U. 

rdng b. 
4.2.3. Suphu thudc cua chieu sdu ngau mdi han 
vdo che do hdn 

Hmh 10. chieu rgng moi hdn vdo I vd V^^ 

4.2.2. Suphu thuoc cua chieu cao dap mdi hdn 
vdo che do hdn 

Hinh 14. Chieu sdu ngau phu thuoc vdo I 

Hmh 15. Chieu sau ngau phu thuoc vdo U 

Hinh 11. Chiiu cao ddp phu thuoc vdo I^ 

Hmh 16. Chiiu sdu ngau phu thuoc vdo V^^ 

4.2.4. SU phu thuoc cua he sd tliudc hdn nong 
chdy vdo che do hdn 

Hmh 12. Chiiu cao dap phu thuoc vdo U 

Hinh 13. Chiiu cao ddp phu thuoc vdo V^^ Hmh 17. He sd thudclidn ndng chdy phu thuoc vdo I 
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Hinh 18. He s6 thuoc hdn ndng chdy phu thuoc vdo U 

cua hinh dang mdi han, phu thudc vao phUdng 
phip ban va tinh ehit eua mdi loai thude ban. 

vao tinh chat cua mdi loai thude hin. 

Ddi vdi cap thudc ban Day ban 
(F7A(P)2-BK-EL8), ylu eau ve sfl hinh thanh 
mdi ban va he sd thudc h in tieu hao vdi cic rang 
huge dfldi day. 

Hinh 19. Hi so thuoc hdn nong chdy phu thudc vdo V^ 

4.3. Xac dinh gia tri tdi Uu 

4.4.1. Cdc dieu kien rdng budc vd hdm tdi Uu 

Trong trfldng hdp nghiln cflu anh hfldng 
cua thdng so ehe do h in den eae kich thfldc mdi 
ban va Ifldng thude ban tieu hao, cae gii tri 
thdng sd che do ban hdp ly thda man mdt sd cac 
tieu chi rang huge ve hinh dang mdi han va he so 
thudc ndng chiy de dat dflde gia tri Log (D) cd 
gia tri tuyet ddi Idn nhat. 

- Dilu kiln tfldng minh l i gidi ban eua 
cic biln dau vao: 

<iK^, = b/c<i(-^. (3) 

Trong dd: 

+ Dieu kien tfldng minh: 

550 A < I < 850 A; 
24 V < U < 40 V; 
12 ipm < VJ, < 3 6 i ipm. 

+ Rang budc an: Ddi vdi ban tfl ddng 
dudi ldp thude thdng thudng ylu ciu he so 
hinh dang mdi b in thUdng \\f^^ = 7 + 10 [2]. Tuy 
nhien, ddi vdi thudc h in bazd thap thi kha nang 
hinh thinh moi hin giam dang ke, nen cd the 
chgn he sd hinh dang moi ban thap hdn. 

5.0^ V„h = W<:S10 (4) 

Vi Ifldng thudc hin tilu hao (thudc h in 
bazd thip thfldng cd nhiet do ndng chiy thap 
hdn he thudc ban axit), nen Ifldng thudc han 
tieu hao hay he sd thudc ban ndng ehay thfldng 
Idn hdn ding ke, kit hgp tham khao eae tai lieu 
[4,5,6] chgn cae gia tri gidi ban nhfl sau: 

0.7 < k„ <1,3 (5) 

4.4.2. Kit qud tdi Uu 

Giai bai toan toi flu vdi cac dieu kiln 
rang budc neu tren bjng phan mem tdi flu cho 

+ ij/^j, i|/^j^ - Cie gia tri gidi han cho phep ket qua nhfl sau: 

DiKnig kiiili 
d^y li^ii, m m 

4 , 0 

( A ) 

6 6 8 

T.T, 

31.S 

Vh. 
( ipm) 

14,1 

•Pai 

6 , 1 

^x 

0.94 
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Kit qua han kiem tra va vi du so sanh thi he sd thudc ban ndng chay se tang nhanh, khi 

hinh dang v i kich thUdc mdi han phu thude vao cUdng dd ddng dien ban tang thi he sd thude hin 

thdng sd che dd ban nhU sau: ndng chay lai giam. Cdn quy luit anh hUdng eua 

van tdc ban d in he s6 thude ban ndng chay phflc 

tap hdn. 

5. KET LUAN 

- Bio cao da nghien eflu anh hUdng eua 

eic thdng sd che do ban khi ban SAW den eac 

kich thudc mdi han v i he sd thudc h in ndng 

ehay vdi thudc han thilu ki t he bazd thap. 

- Xiy dung cac quan he dinh lUdng va 

dUa ra phfldng phap xic dinh gia tri hgp ly cho 

cae thdng sd che do ban de khi ban bang thudc 

han thilu kit he bazd thap. 

- Xac dinh dflde ehi dd ban hgp Iy va he 

sd thudc ban ndr^ ehay l i ccf sd xay dflng ban 

hfldng dan sfl dung thudc ban thieu kit he bazd 

thap F7A(P)2-BK.':* 

Hinh 20. Anh hUdng cAa diin dp hdn den hinh dang 
moi hdn (d = 4,0 mm; I = 700 A; V^ = 20 ipm (0.50 

m/phut) 

U = 40V U = 32V U = 24V 

4.4. Thao lu^n 

Tfl cae kit qui thu dflde dang cie phfldng 
trinh hoi qui va dang cac dfldng d|e tinh cd the 
nit ra nhflng ket luan chinh nhU sau: 

- Xiy dUng dUde eae phUdng trinh toan 
hgc bang flng dung quy hoach thfle nghiem, da 
md ta anh hfldng efla cac thdng sd che do h in 
khi ban tfl ddng dUdi ldp thudc din cic kich 
thfldc mdi han va he sd thude hin ndng ehay ed 
sfl tfldng thich eao. 

- Chieu rdng mdi han b phu thuge manh 
nhat vao diln ap hin, tilp din I ,̂ V .̂ Chieu siu 
ngau mdi ban h phu thudc manh nhat vao lb, 
tiep den V,̂ , U. Cic dae tinh nay da phin anh eac 
tinh chat vat Iy eua thude ban thieu kit he bazd 
thap (B = 1,1). 

- Cae dd thi eho thay khi dien ap ban tang 
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