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Kawasaki Type Electroslag Automatic Internal Girth Welding Method for Large
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Synopsis :

As an application of the electoroslag welding method which is popular for vertical
welding, Kawasaki type electroslag automatic internal girth welding method called
"KEIP" system has been newly developed. This welding method has automated the
internal girth welding except the pipe top portion by adopting copper shoe of particular
shape and using pressurized CO2 gas for flux supply and proper combination of welding
variables. Through several welding jobs of water supplying pipes with large diameter
and thick wall at some service construction sites, it was revealed that the system was
able to ensure high efficiency and good welding quality, and to maintain a clean
environment because of little fume generation comparing with the conventional manual

welding.
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As an application of the electrostag welding method which is popular for vertical welding, Kawasaki type

electroslag automatic internal girth welding method called “KEIP" system has been newly developed, This

welding method has automated the internal girth welding except the pipe top portion by adopting a copper shoe

of particular shape and using pressurized CO, gas for flux supply and proper combination of welding variables.

Through several welding jobs of water supplying pipes with large diameter and thick wall at some service

construction sites, it was revealed that the system was able to ensure high efficiency and good welding quality,

and to maintain a clean environment because of littie fume generation comparing with the conventional manual

welding.
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Photo. 1 Exampie of bewd section abtained by Photo. 2 Fxample of bead section obtained by
using copper shoe shown in Fig. 3iat using copper shoe shown in Fig 30h)
in the ease of 10 inelined in the case of 107 inclined
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Table T Weldahility test results using plates with dimensions of 20mm
thickness, 300mm width and 530mm length in the case of 6+ 10°

Welding | Welding [ o, fa Stability ! Penetration to
current | voliage . . . )
CA v fdeg: | {mm) | imm! | immi | of welding | backing strip
12 13 30 0 Bad Had
|- e e
38 ©18 8 30 20 Had Bad
300 b P - R A
22 9 30 10 Novmal HBad
40 22 4 30 | 20 3ad . t3ad
i8 10 30 16 Good Normal
400 41 25 10 30 16 | Good {ia0d
35 10 30 16 Bad Good
450 4] 18 10 30 16 Good ! Normal
20 : Good i Narmal
12 W o - — ot :
4i o 18 16 Good Normal
300 i [ e edem S
; i2 ! ke i6 Good Normal
14 ‘ N RERE: Bad . Bad
. R I e e
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Tahte 2 Weldability test resulis using curved plates of 2000mm inrer
diameter with dimensions of 18Bmm thickness, 300mm width and
600mm length at the inelination (4} hetween 07 and 20

Weiding | Weldi Pl

Felding s Welding ) e ae g Stability Penetration (o

current  voltage ) : .
PA PV Cdegd | imm? | {mmi | imm! | of welding | backing strip

32 3¢ 9.5 kit 11 Normal Bad

33 30 9.5 30 11 Goud BBad

11 (rood Good

14 ' Normal

| ——— - PP P
| i 5 Had Normal
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Copper shoe-

Fig. 1 Flux supplying method by pressurized
Ce gas
#-= 30"

CO fHlow

[319] N rate
T .
a0 T~ o515 /min
eor ‘"\\ * °7 - -%20 I/min

= BOF e el 30 fimin
TN fman

30 £l 150
Welding position # Ddeg

Effeetive Tlun volume
Supplving flux volume

< 100

# - 1507

Nozzie inner drameter: [Omm
Effect of CO» gas {low rate on efficiency Photo. 4 FExample of bead sections in the case

Fig. 5
of & 30" and #= 150°

of supplying flux

Table 3 Welding conditions at the inclination (#) between 30 and 150

I'late Welding Welding 5 ; ¢ braove grometry
thickness current voltage . " . ! . T o ;
Comm ) (A) ‘ (V) (deg) (mm? fmm? ¥ e

) Ldeg! Lmm)
9 400 ! 35 20 20 4.5 0 20
i2 4G0 35 | 20 20 6.0 0 16
16 400 : 35 20 20 80 | 20 8
20 400 41 3 1 30 0.0 | 20 b
23 w o | % w1 20 1
< T <

Cupper shoe

9
- i/
T Backing strip L_x.I
g - A
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PPhoto. 5 Example of longitudinal crater sections
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Table 4 Specification of ‘.wldmg 1[)|)a1dlu*-.
Components Spe c;fnatum‘, V\m;,hl
Welding power source | DU constant \,ultage type, Input power: 3 phase, 200V
AC, 50/60Hz, 42kVA, Output rating veltage: 15- 46V, f 210kg
(lll[(‘nl 60 600;\ Dut\ cycle: 70,(’?;
Cooling pump Water (uulmg, type., Iank capacity: 301 Circulative
velume: 10 {/min, Llectrical source: 3 phase, 200V AC, 170kg
50/60Hz i
Wagon A Power source and rooling pump set on ! S0kg
Flux supplying unit Hopper (‘apa(‘lt\ 14 Method: Supplying i:y use of 90 ke
pltssurlnd (Uz ,L.:ds g
Control unit Control item: current, voltage, flux volume, welding
10kg
: Hpeed wire f{‘f‘d (()» gas f!m\ rate
Wagon B Flux ':.upp]vmg unit, contro] enit and CO; gas vessel 110k
sel on g
Remote (‘nntrnl hox Control item is same as (untrﬂ] unit dkg
Vteldmg equipment Torch, copper shae, guide roller, cirwmg motor, il
jack, wire reel, wire feeder, bar for adjusting head, 150ky
stay bar, suppnrlm[, post
Materials consumed W]:‘e: Sohid type KW-50C, 16111111(35 20kg/bobbin
Flux: Fusion type KF-100 25kg/bag
Gas: Liquefied COy far supplying fluxes B0kg/vessel
Cables and hoses Output cables: 200mm2 2 lines dky/m
Rublber hoses: 15mm¢, 3 lines 1kg/m
Control cable: 100mm? 2 lines 2kg/m
) =2l jack
Supporting post . N
Bar for adjusting T, ~ _1"--1_\ Candiut tube
head ™ ) / \ ey
Gutde rolier ) 7_Wnre
L “straightener

Torch .7-nrf-xr-zzle

—

Copper shoe

o

-
Moving wheel

Fig. 8 Front view of welding equipment
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Table 5

Ne. 3 b e L RO R F R R A B AT 1 R

KENY 1k

Groove geomelry for representative Tahle 6

470

Site welding condition for representative

wall thickness wall thickness
Wl N o ] T R
m[.l"“_\ Backing strip type Uranami type Wall \\eltlmg Welding
bomm thickness | current | voltage
i e, {mm PA (Vi
v Ty — - A
9 Lo T 9 3003200 30- 32
i e )5 ) - S ]
KZ—J*A 12 320-346| 3234
o 16 160 380| 36 - 38
, N — 20 3804200 38- 42 |
12 weay . . J S \ -
u = 25 430 -460| 4346
- 0 T
" Tomm) A AT 2,
S BN T e g
B RO A Pl B T N - ek
- T2 2RI
2 -
% 4-3 REFMERE
J ] =
o M O s STPY 41,
x| [ / . 20mm &) A B £ i L
NI | R
L 1 T D
4-3-1 £E—FHEH
PN FTHRTEL,. Fr, MEGEEN Photo. 8 L& 00— 160712 42
4o Table 6 1200, 7 fs, BUNIEHE & D0 HER deon AR A e WS e

HHIERFLD

JcJ i 7 /]/ —/
BT 10T S AT

L
=
J0osle A
T S pa
FA

R A2

(If % 10mm X fi 50mm £ fretz, Zd0z L0, 1007 (v iA

Welding

A O a8 RO £ &5

|
I Heat
input

tkJemd

HpPEd
{mm min}

70 - 100

AR S5

e
Lo e A fi L

WEURTE 2 000A, 5128
FrEEMA T o T

5 [K e i 4%
P S ) o B N A
TV i de &

RIS L o]
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Photo, S

An example of bead appearances by the change of (8)
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T noE. [iE R T A R T I

weld joint
R G R T (T TI s Moot R

lr naalv sti(n;,th

4+3:2 &~ FEE o e mm®

- ‘ ":peufudimu
tracture location

=fc)r test piece
b

Dy e - 49-5 . Bd“ﬂ-‘ meta]
Photoe, 9 (1000 8 (o7, it 7 4 i H o od s 7 31el
T R - . S04 Bdbl metal S
L N T I IR R SN B ¥ SRR i T N e —_— . Now. 3
50 0 BEL‘NE metal

A . - .

4-3-3 WEFSUR, gy, W, @2

i E e 2 0 K 100 2 i 16
mm 7 A KW 500 LS RSN
A B A -"-\fl};'r'ff" Tl L; e

C Table 707, s 8445 A Table 8. 1 hoto 10

Fo WY il B Y % Photo, 107 Q0§ £ 70y

= B

I'hoto. 10 Tensile test specimens Tested

Photo. 11 Bend test specimens tested
WUMEREYLLE P, 11 2 f5 1) 0k 2 2 L
TR YT A i T A B TR O
T2 B o g i }{)kg T SRR S AR 1 U |
LT AU A Fig, 120000 [ @ 607
907, 1207 (#3114 '|";'|‘,-’-'|‘ dlggl fo
.'.Jli'{"%"”z:{[-'\”-;;i‘?il Tk, L 180195 T - T

AR [ S R ST AR

RS S (N

Backmg ‘;tup upe Uranami type

16
PPhoto. 9 Difference of head sections hetween E 14[
backing strip (ype and vranami type J_bf 19+
& 10
Table 7 Chemical composition of filler wire, R
pipe bhody and weld metal Fat ) :, 5t
— S — &
C | s Me P i § | Mo R
_ B 2
Filler wire | 0.06 | 0.30 | 1.50 0010‘0 010 0.50 N
l.m body | 0.17 | 0.20 | 0.80 | 0.020, 0.015] B b 2020
S —— ey e Test temperature ()

‘.‘\zld mPlll ! OOr 0.31 | .24 U.U]JLO.U]? 0.31
4L I SR E P

Fig. 11 Charpy impact test results of weld metal
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[ V[ Somn
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Wall thickness: Zlmm
Pipe material - STPY A1

Fig. 13 “KEIPT

Fxample of eyele time by

Tahlke Y NN

welding in el’fjrwn:jv

Comparison of

!\l H’ svstem ] Mdnudl i\(|(|lngz
Job item \umhel uf\ Ilmt \umhnl ufw i
persans P persons | i
. tmn Lmin !
I'L’qllll'l’i‘} ]("lllilf@'(l
[Lowering in
and lining up 4q 150 3 B0
of pipe
Auto.rnali(_' 2 120
welding job
Manual \\'nldmg?
jolineluding 2 150 2 P00
gouging : i
Total ¥ 420 B 880
Total labor .
iman+h! 26.U s

et e e e [ R

atic
\\'eldmg

WLERRT R S T U R Lo T X

P TREERY Lo

! IFP—'?];‘%H'&{J A B

sysiem

systm with manual

RIEP ki ,
fefe Aid S Lo PRy 245, L
TR L T B0 £ b e B

k7 4\x'fi“?§i OF IRl REWAT S BT Uit ed
FE A A& Table 100200, F7:

I
1 ==

B3l 1m e

I 7
WEOAT PR A 'I— &3

By 2SO TSRS S Table 116)
LA T S Photoo 121015 RS

Tahle 1¢

Peak temperature of pipe surface

hy “"KEIP" system
P . |Time untit peak |IPeak temperature

Measuring pojnt C ey
temperature [min! [
23 144
37 63

— —— —
4 73
43 23
..... — e
| 44 ‘ 26

Table 11 Measured amounts of welding fumes
and gas concentration in pipe
———— e — S

Fume concentrationt CO j CO § HE | NO» | Oy I ()2
fmg Lpprd | ppm- i ppm! Ippm l‘ ippm 3J I

0.42 <1 ¢ B30 | <0 1 <U.1W< 0.01‘. 21

ER— . —

Temperature: 18°C, Humidity: 28%, Wind velocity: 0.50mss

Construction site view

Photo. 12
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FATISHTTSTRY 41, UFA1E 22004, #5519
mm, 47 ]sdm T A, 1 ]HlJ el S G T
N A TTRE, A TS A A
i ARG 132 e~ 30min 90 L -7 150 min »
Lo tras, FHN VRO e KR R T e L 2
P SE o g s Bl A L 2o, T AL T1EE
TR AR R 40 AR o0 T8 B4 120
~ 180 min, 'h;‘ﬁhuﬁﬁniﬁuﬁ%ﬁ*ﬂﬁhhmv)
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Table 12 Manuval welding condition of flat and
overhead position
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PPhoto. 13 Welder on the job and welding head
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Welding :Welding current Welding s
. D voltage Pass sequences
position A .
V)
| 160~ 170
by 4mm¢ rod %
Flat 2628 %.,
220-- 230 ©y
by Smmé rod :
120~ 130
by 3.2mm ¢ rod n
Overhead 26 28 (5
130 - 150 34
by 4mm ¢ rod -
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