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Synopsis :

Bead shapes in submerged are welding are examined for the purpose of developing a
technique for I-type fusion face welding of plates. It is demonstrated that the welding
parameter with a higher current, a higher arc voltage and a higher speed is suitable for
a bead shape with deeper penetration and lower reinforcement. On the basis of this
information, "HIVAS process" is newly developed. The process consists of the leading
electrode under the above mentioned welding parameter and the trailing one under a
low welding current. Mechanical properties of welded joints by this process are found
satisfactory as the result of testing with either mild steel or 50kg/mm2 high strength
steel. HIVAS process provides the weld metal with particularly low sensitivity to the

porosity forming.
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Synopsis:

Teruo Ukibe

Bead shapes in submerged arc welding are examined for the purpose of developing a technique for

I-type fusion face welding of plates.

It is demonstrated that the welding parameter with a higher current, a higher arc voltage and a

higher speed is suitable for a bead shape with deeper penetration and lower reinforcement.

On the basis of this information, “HIVAS process” is newly developed. The process consists of the

leading electrode under the above mentioned welding parameter and the trailing one under a low

welding current.

Mechanical propeties of welded joints by this process are found satisfactory as the result of testing

with either mild stsel or 50kg/mm? high strength steel.

HIVAS process provides the weld metal with particularly low sensitivity to the porosity forming.
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Table 1 Tentative calculation of bead shapes and weldmg parameters

Plate ) Depth of | Ly Weldmg
thickness penetration . V¥ ¥ speed
L ; ¥ [
(mm) | (ecm) {cm/min)
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_ _ | 60
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at leading at trailing area of i width
electrode electrode | reinforcement
1, ‘ , ’ w
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Table 2 Welding parameters

I Electrode

gode  Electrode | Electrade
(mm} (mm) (deg)
Trailing 0 0

: Variable

| i Welding

Welding ! i Distance
current +Are voltage . speed of poles
: v
(A) (V) | (em/min)  (mm)
1200 55 .
- - 70 30
a0 ‘
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Table 4 Standard welding parameters

Table 3 Welding materials
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i - | T Elecirede dia. (mmg)
thickness Weldmg Arc voltage Welding ‘Arc voltage 4 ?
current | current (L -0
¢ i ‘ E, I ! o T 4.0
;mm) |________(A) | (V) VQA) (v Electrode extention (mm)
12 800 45 (L 35
- | . T 40
4 900 47 500 . .
- - — e Electrede inclination (deg)
16 1000 50 L +I15
PR P — BN (T —20
18 1100 52 40
—— [P R - Distance of poles
20 1200 | 55 20 mm
—_— | —— — 600
22 1400 58 : Welding speed
- s — - . i .
25 1600 60 | } 70 cm/min
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cross sectional macro structure
(plate thickness 20 mm)

Photo. 5 An example of bead appearance and
cross sectional macro structure
{plate thickness 25 mm)

U i HIVAS o S oy T o1

B AR L TR LR o B T BT
DAY, BAEETEERNT I RBEEML T
D

Il — et CoBF AL D TR & SR, (%
%% Photo. 6 " x L 917, HIVAS #ui
BEERETHL G, TOETHr L £ 1mm
R Cdh -7z, Table 4 o8 58 Tindlidafis
3mm T U, THIE—FITH- T, FLED
REf, TEREFFAURD, WRGHAL L ABEL CE
A RO LU BT,

RS BT AR OBR A KB (4 ) THe
fomh, ChE2:2.40 HIVAS ticoEaiEs %
I+ 75 &, Fig, 16 oEEEHMcrT L o
FEOEEH 0.5~1,5mm BERXL, Jhilk
LicBEOMBASE LS LoTH D, HIV
AS BRCRITEROEE 2T 2 E 2 - FRCL,
BIERREOENRE, D LRI,

Lizdi s T, HIVAS £ TOBETALFE Sk

Yrxlge it IHY £ S RS R

Photo. 6 An example of change in penetration

{mp)
or
.

fun
=]
.=~
®
.

St =190 X107 *E4-5.03X10°

Depth of penetration on calculation from eq.

1.08x10 I/

15

5 10
Depth of penetration en HIVAS
process (mm)

P

Fig. 16 Relation between HIVAS process and -2
calculation at depth of penetration

— 131 —



‘502

(45 XrodtEffici 1mm Mmiiuil<, &
W, WL, dEYELl s ORELRERLOR
TABEEONMA TS 2 &, Table 5 015
i h, BIEEOREED T 7 ANOMRET Y
WEIRITE A,

DX, COBRBETHEBITERER LER
HARZBEFR LV G, BERLOEMOT
FUT I DAL DT R TER TE AT X
Lo

HIVASHE®D «— F #EnEEiacE Mgy
OC, BROTHIC L DETALORA Lo,
Fig. 17 i3 X5 Fh 2mm s LC &

CB0DA 45V
CB00A 40V

T1200A
o 600A
L1600 A
. 6ODA

55V
40v
60V

ay
T

40V

(3]

Depth of penetration decreased (mm!}

3

—t

5
Leading electrode deflection from weld line imm.

Fig. 17 Effect of leading electrode deflection from
weld line on depth of penetration

I i

October 1971

HHTHT AR EOWE Imm L FCH L,
LietinC, ZOEERE T, TR TS

L b b, EEREEREEO SRR
M OBETA LG G K BRI S s
L,

3.3 BEFEERECOWT

Table 6 (=534 H25mmo Bk & b0kg/mm?
s A% BT, Table 3 oE 7 £, Table
4 OEERESRLETRTREY T -1,

Table 6 Cherical compositions of base plates

used (%)
Plate ¢ si Mo P | S
Mild steet | 0.14 ‘ 0.08 | 1.19|

o.oosi 0.020
" 50kg/mm? high )

S ‘ 0.15 } 0.3 | 1.28 ‘ 0.011 0.018

BT R EE  BET o D ERA L fo R Ry R
HES (JIS-Z3111 A2 BRENE) ofil%,
Table 7 +~ Phote. 7, 8 1=, Btk LU

Photo. 7 An appearance of fractured tensile test
specimens of mild steel welded joint

Table 5 Depth of penetration changed by the variation of welding parameters {mm)
. e min) — B I )
BT - —
4I(A) T ?_5 ! 0 ‘ +5 . =5 0 +5 ! -5 o 1.1-5
- L |
+0.4~ | —0.5~ | —1.5~ . b 1.0~ | —1.9~ | —2.9~
—100 Z01| -1o! Spo| 793 | ~LE ) -2Z0 Tag] _16] -2
e S _ R e =
+1.8~ | +0.8~ | ~0.1~ I l _ £0.3~ | 0.7~ ; ~1.6~
0 Yial Thoal Zos| FLOp 0 ] 09 Yo ‘ Zo4] Z1.3
. e e N .
+3.0~ | +2.2~ | 1.2~ . P15 | 406~ | —0.4~
+1060 Y27 ¥1.7 £0.8 +2.3 +1.3 ‘ +0.4 ‘ 1.9 0.9 | 0
—— e "WI P ———— —_ —_—
41 : Variation of leading electrode welding current

4
Av

: Variation of leading electrode arc voltage
: Yariation of welding speed
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Table 7 Tensile test results
} Ifer‘::gl%e%rojg?rrltles Tensile properties of weld metal (JIS Z 3111)
Plat . Jo ) o e I
ate T.S. Fract'ure Y.P, T.5. El. R.A.
e Geg/mmty 10O | ckg/mmty (kg/mmt 5 G
49 Base metal 32 , 47 37 i 66
Mild steel (. - — S T P
: 49 Base metal 32 : 418 39 | 66
_ P . .- T . I. ' -
50 kg/mm? high ' 56 Base metal — 56 : 30 63
N th stee] P L R Do o
srength steel 57 Base metal — ; 56 i 30 63

A ERFE B 4 Table 8 - Photo. 9~12 i, #
BEERExEL 54 Table 9 w4,

BHEOWAEE, BESBIE TOREN HW
LAvie X 5T, Bk, S0kg/mm® {BER0E F1H &
WCHEERIHTH Y, MFERLERE & b B
T, WERORETHLI80 DA Th il #
ST CESH LR,

S OB TR, BHOBRRERARX b,
BHSEORBRRSURKL VETE s,
BIEEMTONKRE 2, v— V252 8ETS,

Photo. 8 An appearance of fractured tensile test
specimens of 50 kg/mm® high strength
steel welded joint

Table 8 Bend test results

Free bend*
Plate G.1. EL Side bend
o (mm) o1 _
o281 45 Good
Mild steel I g ,
1 28.7 43 ' Good
50 kg/mm? high 29.9 | 40 Good
ot Y - A .
strength steel 30.2 ‘ 41 Good : ; R 1
- e Photo. 9 An appearance of free bend test

* Bending angle : 180° specimens of mild steel welded joint

Table 8 Charpy impact test results

Tested temperature V-notch Charpy impact value

Plate i
— ! CCy _ (kgem)
I
| 0 7.9, 6.6, 6.4, 5.3 (6.6)*
Mild steel — . . e e e e
—-10 6.1, 4.7, 3.8, 3.6 (4.6)*
50 kg/mm* high 0 7.5, 7.2, 7.2, 6.2, 5.0 (6.6)*
t th steel - T -
strenglth stee 7.5, 7.4, 6.6, 5.7, 4.8 (6.4)*

—-7

( )* Mean value
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FilEplme w2 g X8 2 o fiEk4s Photo.
13~161= 5573,

. PR SR 4 ‘ a"'=:' ] B |
Photo. 10 An appearance of free bead test
specimens of 50kg/mm* high

strength steel welded joint

o t

Photo. 13 Macro structure of mild steel weld

metal

Photo. 11 An appearance of side bend test
specimens of mild steel welded joint

Photo. 14 Macro structure of 50 kg/mm? high
strepgth steel weld metal

- " RN L
R At ; ‘cﬁﬁlb&éﬁfﬁé s t%*?i%
Photo. 15 Micro structure of mild steel weld

metal x 100 (x 13)
16

Photo. 12 An appearance of side berd specimens
of 50 kg/mm?® high strength steel welded
joint
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gh
strength steel weld metal x 100( % ig)

MEFOFE S x Fig. 18, 1925 T L&D T,

CERLEERR, BERRELENIIES LA

fole,

LAl bdsh HIVASERIC LD BiEfIire

HletEiEa iz 5,

Tested location
L_-Zmm

220 ‘"'?\1‘_’ T

200, -

189

Tested location
S L2mm

< LAY
2 ; .
3 220) o
< ! :
o : i
o :
z a0 N |
5 | i
ER / N
« 180} 11
3 ] Imm
5 teay Lae
160 c Iy

B.M. HAZ. WM HAZ, TBM

T o T

140i

Fig. 19 Hardness of 50 kg/mm? high strength
steel welded joint

34 F|AKLOWT

34-1 FIAw—-L£EI

RAEBEE Y — FERBET2RED S T4 -
LB, BEBECLILCEELSTUGNE,
R L EDREEDRCFHELFEPH B RS
nTw%,

HIVAS iz, e danb b Ao
L TEAGRELE b, ERAEORRAT

160)

Vicker's hardness {load 10kg}

140+

NBEAMTY 4w v 2774 7w— (=AFEY )
Lo s Ve FT A~ — (P —§8000) O
2R AR, B 20, 30z A L8 T4
FURSE MR A e,

Fig. 18 Hardness of mild steel welded joint

PR AR IR 16 mm o BREA ¢ SM41) & 50kg/
mm* 53 538 ( SM30) # v Table 10
HEEMEE E 68, Table 4 H#E1I6mmo 4
BTH P EREL .

Plate
Wire : Flux Thickness Chemical compositions(%)
' ! Kind R T —
j (mm) C Si Mn P 1 S

KB-115 | Miid steel 16 | o019 0.03 | 100 | oon | o.027

KW-43B [ L e R _
50kg/mm? high = | ‘
o . KB-155 __strength steel I 16 . U.l:a. | 7 0.34 1'32 ‘ “-.0.019 | 0.0?l
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Plate ‘ Kind of primer

Wash primer

Table 11 Effect of primer on porosity sensitivity of weld metal

Thichness ‘

October 1971

Mild steel - , o
Zinc rich primer ‘

Wash primer

50 kg/mm? high
sirength steel

Zinc rich primer

Porosity
of primer — - e
Pit Blow hole
G 1 Qefm) - (No/dO0mm)
20 | 0 | 0
30 | 0 0
20 , 0 | 0
30 | 0} 0
20 1 0 | 0
30 . 0 ! 1 (lmme)
20 | 0 ' 0
30 0 0

Table 11 s E i chh, RELLv + »

275 7= 30T LRRS LRI E
ST RE LT, ok, OO THEERER
H¥cHbRALSILEY . P E L, AFCHTD
AR T e —h— Ak LTKRIL A,

75 4= —ORERE 30 LT Th b,
IOEEETRERLY 5 v - ZRT S AL
B EAERELVEELLRDS,

Photo. 17 Examples of bead appearance on primer
coated mild steel

Wire ! Flux ! ' Thickness |

‘ Kind
| | o ()
KB-115 SM 41 25
KW-43B ' \

¥ Wash primer 30

% Zinc rich primer 30y

Table 12 Materials used for test

JELE 20 T ¥ — F IO H % Photo. 17
[l

342 AV ETR

MR Fert Lk SO R ERMTH L Th
Lusto, KBS AR Lol il
LT RO £ BRI EIA A s, L
e LTEE G R 1 HC 3 RERE 2T
e LIRS 15 HBGE LT
Photo. 18 © & 5 TR 2(F
LA XA B R A i,

Table 120 #t3 H ol
+ 1, Table 4 O /5 12mm &
20mm ¢ 2T R AT
7o

KB kO H B & AL
HBEAFig, 20 o, #fco

Plate

Chemical compositions (%)

c & | Man P | S
017 | o003 | 1.0 0.010 ' 0.023
_____ SR B R S
138 0.021 | 0.019
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Photo. 18 An example of bead appearance on rusty steel

LIB00A 45V
00kg/ mm? high
ptrength steel I DOOA 4wV

v—-—a|  Mild steel

LT 12(}0A sV
T: 600A 40V

f[——] Mild steel N ! —‘
M I
50kg/mm? high !

|

el
b

strength stee]

b
k=1

Number of pit {No./m}

an

=

2

an} .

G 20t

g 20|

g

N \
ualﬂi’ . 1
3 PR ‘
) “" |
F

~

[=3
e
i

ITT 6 T E iRty steel
Weight of ferric hydroxide {(g/m) late

Fig. 20 Etffect of rust on porosity sensitivity
of weld metal

V- FERmREDICEMN A Phote. 192,14, =
COMNALRE L — 2 40mmis oV T X
HEENBR TR S R R R ER lmme L F,
1~2mm¢, 2mme LLico8iL, FofEis
BOROE®E 1, 2, 3%MFTHEILEERT
Eh L1,
xu{LﬂﬁﬂlLEiI%#b;thF?IﬁJ?é& Lit ks & A FRL
lzmm D FpET
KE’MLEI%’ ﬁi T 4g/m, ZOmm@%{’T ¢6g/mT
B, ZHBOHRLIT T N AT S
Dbk, FOIEEENE T T 1 —#iic { B

After welding

Capaogfivags, JIS-Z31040 L -7
HiEd s L, Fhb Ty, -
OERE-CHIuEE QLA ELR X
ML LAAERDE S e,

fods, UL A MR X
f;kl:%“iﬂ"(:'@i—fLﬁﬁ‘/ﬁﬁk{t?}":ﬂf
d~6g/miy# o Fiuc BT s ok
b, ERTCOMBLO S U, @v
By e KR (RS 8k 2g/m M40
TORFENLLE DI LT

Before welding

FHELBNHDT,

Ll (it AL RFTH D,

@ Ferric hydroxide: 2 g/m L BOOA, 45V
@ Ferric hydroxide:6g/m L 800A, 45V
© Ferric hydroxide: 6 g/m L 1200A, 55V

@ Ferric hydroxide: 10g/m L 12004, 45V

Photo. 19 Lxamples of bead appearance on mild

steel scattered ferric hydroxide

4. & & &

HIVAS g o Tk ~Sfeps, 2 Eigy
Fow =D 0 TRTREA, SR, EITIET
R B -2 Gl SR ol 1 Wy
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(1) STV ~—07 — 7 EEOET b BT AR O L s E .
BARSBIATELED, () RAEEE, AET, ETICER CEE4
P=109x%102 -/”]U —1.90% 10-2E f'i‘&')iﬁ’\‘ii,_ Jﬂ'%]? Qimm ¥R IBL
M Wl IRETH D,
+5.03x107 (3) HIV A S#i7 X 28k L 0¥ 50 kg/mme
(2) v 7w —L7 - HEETOE— Fig, & ST AR TR L R T T, F O E R
B g T AR & ST T S SR TONKHE 7 v - V25T 5,
(3) FITEEEG AL, BTk L5 TR (6) HIVAS HEOSSUEE REFT iy
KEELORBERECHY, BOAKL L NTFFAw—, EUTIHRELLEE A XS
TOESERG, 7 A —ABHIL, LT Ll
% X #

1) Jackson C. E., Shrubsall A, E.: Welding J., 32 (1953), 172§
2) W VB - HEYaE 24 (1955), 512, 25 (1956), 18

— 138 —



	★j3-492-508
	j3-492-508

