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Investigations on the Establishment of Welding Techniques
suitable for the Japanese Shipbuilding Practice

Abstracts

I Studies on the Residual Stresses and Deformations in Welded Ships

I-1 Survey of Shipyard Welding Practices

In order to facilitate the direct application of the results of fundamental researches
on the shipyard practices the research programs, such as conditions of experiment, must
be selected to have close connection with the real practice. An investigation was per-
formed for the purpose of obtaining exact knowledges about the present day practices
in Japanese shipyards. This survey was conducted concerning with not only items di-
rectly related to the problem of deformation, such as standard welding conditions adopted
for each plate thickness, size and forms of strong-backs and etc., but also with general
problems of ship welding, such as organization of welding division, welding equipments
and so on. The following twelve representative yards were investigated in this survey:

Ishikawajima Heavy Industries Co., Nippon Steel Pipes Co. Tsurumi and Shimizu
Shipyard, Mitsubishi Nippon Heavy Industries Co. Yokohama Shipyard, Uraga
Shipyard, Hitachi Shipbuilding Co. Sakurajima and Innoshima Shipyard, Kawasaki
Heavy Industries Co.,, Shin-Mitsubishi Heavy Industries Co. Kobe Shipyard, Ha-
rima Shipbuilding Co., Mitsui Shipbuilding Co. and Mitsubishi Shipbuilding Co.
Nagasaki Shipyard.

I-2 Researches on the Residual Stresses in Constrained Joint

Serial experiments were performed on the effects of. welding procedures upon the
shrinkage and residual stresses of constrained butt joint.

The type of specimen used here is the ring form one somewhat different from those
utilized so far. This type of specimen is used in order to facilitate the analysis of clo-
sing motion of plate edges during the progress of welding and the distribution of resi-
dual stresses. TFive series of experiment were performed using the seven types of
specimen.

The measurement of transverse shrinkage were performed at each layer of welding.
The results obtained so far are summerized as follows:

1) The mean shrinkage

There exists a linear relation in the multilayer welding, between mean shrinkage #%
and logarithm of rod consumption per unit weld length log w which is directly related
to the sectional area of deposited metal, namely:

%=1, + b (logw — log wy)
where, #%,: mean shrinkage at the welding of first layer, 3
w,: weight of electrode consumed per unit weld length at the welding of
first layer,



b: physical constants determined by the type of specimen, welding proce-
dures and other conditions.

The effect of welding procedures on the transverse shrlnkage were investigated by
the above equation touching upon the mechamsm of shrmkage The main results are as
follows:

(i) Effect of electrode diameter

The shrinkage decreases with the increase of the diameter of electrode. This benefit
of using the larger electrode seems to be obtained at the welding of first layer.

(ii) Effect of weaving motion and peening

The weaving bead method seems to produce less shrinkage than the stringer bead
method. Shrinkage decreases by peening.

(iii) Effect of type electrode

Large value of shrinkage was produced in case of low hydrogen type electrode.

(iv) Effect of degree of constraint

Shrinkage decreases in accordance with the increase of degree of constraint, if the
weld length is maintained unchanged; but the shrinkage seems to become larger with the
increase of weld length even when the degree of constraint is equal.

(v) Submerged arc welding

Submerged arc welding produces much less shrinkage —nearly 1/3—than hand welding.

2) Form of shrinkage

The shrinkage due to welding is not uniform along weld line. As the form of shrin-
kage is nearly linear, the shrinkage was investigated as the combination of uniform
shrinkage and rotational motion of plate edges. A dimentionless parameter «, defined
by Eq. (1), is used for the analysis of form of shrinkage.

The rotational component in the shrinkage « is nearly equal to 1 at the first layer
when the welding has been done from the inner circle to the outer one, In the first layer,
therefore, pure rotation rather than shrinkage occurs. The value of « gradually decrea-
ses after the second layer and sometimes begins to increase at the final stage.

On the other hand, when welding is made from the outer circle, the value of « is
nearly equal to —1 at the first layer, but it becomes about zero at the second layer, and
the value « becomes positive and nearly equal to the one obtained in case of welding
from the inner circle after the third layer.

However, even in these cases, when the tack weldings are performed at the opposite
side before welding, uniform shrinkage will be obtained as the rotational motion of plate
~ edges is prevented by tack welding. ‘

The case is quite different with submerged arc welding. When welding is performed
from the inner circle, « is always negative and becomes more negative at the second
layer. On the other hand, when welding is done from the outer circle, & increases at the
second layer.

3) Importance of first layer

The first layer has a nature far more important than the layers after the second

both in the mean shrinkage and the form of shrinkage.
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I-3 Effect of Welding Sequence on Residual Stresses

Effect of welding sequence on transverse shrinkage and residual stresses was also
investigated. Two-hole type specimens, 1800x900x 19 mm, were used in this experiment.
Butt-joint of 1000 mm long was prepared in thé middle part of specimen. The welding
sequence and techniques were changed as shown in the following:

Progressive block method
Skip block method
Cascade method
Symmetry method
Unionmelt method )

The transverse shrinkage was measured at some stages of welding. The results obta-
ined for each specimen are shown in Fig. 7. The form of shrinkage at the final stage
of welding is listed in Fig. 8. Among these five conditions of welding the Unionmelt
method showed the least shrinkage. In case of hand welding, the form of shrinkage was
considerably changed in accordance with the change in welding sequence, though the value
of shrinkage did not changed so much.

I-4 Studies on Low Temperature Stress Relieving

The mechanism of low temperature stress relieving was investigated through two
kinds of experiment. At the first stage of research, a fundamental experiments were
performed using a simple constrained specimen as shown in Fig. 11. The central or side
bars in which tensile or compressive stresses were occured, respectively, were heated by
oxy-acetylene flame to various temperatures and then cooled by water. The reduction
of residual stress due to this heat cycle was then measured. The residual stress remar-
kablly reduced when the side bars were heated, however, it hardly changed when the
central bar was heated. The maximum reduction of residual stress was achieved when
side bars were heated to about 150°C. An analytical consideration for this problem was
also tried. Calculated values of stress reduction were closely coincided with experimental
results.

Next, an experiment concerning with the application of low temperature stress re-
lieving on pipe joint was performed. Welded pipes of 200 mm ¢, 7 mm thick and 500 mm
long with circumferential or longitudinal joint were prepared for this experiment. The
results of experiment were shown in Fig. 14. From these results it can be desided that
the low temperature stress relieving treatment seems to be applicable to welded pipes in
place of stress annealing from the view point of stress relieving.

1-5 Studies on Peening .

Some experiments were made to determine ‘the effects of peening on the residual
stress relieving and the properties of peened weld metal for the low-temperature britt-
leness in the butt weld joints, which were prepared from two plates of 1200x500x19 mm
by manual welds. The conditions of experiments are as follows:

Cold peening on every layer by 27 stroke I;eening tool (Spec. No. 1),
Cold peening on every layer by 3” stroke peening tool (Spec. No. 2),

8




Cold peening on only finishing layer by 2" stroke peening tool (Spec. No. 3),
As welded condition (Spec. No. 4),
Hot peening on every layer by 2” stroke peening tool (Spee. No.5).

The residual stresses as welded and after peened were measured by three methods
successibly, for the purpose of increasing the reliability of measured data. Electric re-
sistance-wire strain gages were mounted on the test specimen, and then the specimen
was drilled by a drilling machine. The measurement of stress were performed at follo-
wing stages:

1. One hole relaxation stage (Mathar method),
2. Two hole relaxation stage,

3. Plug relaxation stage,

4. Whole relaxation stage.

Examples of measured stress distribution are shown in Fig. 17. The mean values of
longitudinal stress on the weld line are listed in Table 3. As it is shown in the figure
and table, a considerable reduction in residual stress was achieved by peening.

Longitudinal bend test of specimen (Austrian bead bend test type) was conducted
at the temperature range of —65~ —70°C. The results of this test are also listed in
Table 3.

The following conclusions appear to be warranted ;

1. The first layer shall not be peened.

2. Peenig of the last layer should be considered a dangerous practice which greatly
increases the hazard of low temperature brittleness.

3. Hot peening confers the undesirable effects on the properties of weld metal.

4. The welds shall not be over peened.

5. As the stress relieving procedure peening only the last layer by 2-in. stroke is
even effective.

6. Transverse stresses were lowered to some extent by peening.

IT Studies on the Application of Automatic Welding

II-1 Investigations on the Performance of Automatic Welding Machines
Comparative surveys on the electrical and mechanical performances of various auto-
matic welding machines were conducted. The following representative welding machines
were chosen for this investigation: ¢
Lincoln Automatic Welding Machine,
Linde Unionmelt DS and UE Type Machine,
Fusarc Welding Machine,
Brown Boveri “Uni” Automatic Welding Machine.
In this investigation static and dynamic characteristics of electrode feeding equip-

ment were studied. Investigations on the usability of welding were alsg conducted. The -

/

results obtained so far are summarized as follows:
1) Static and dynamic characteristics of electrode feeding system

— 4 —
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In order to perform the automatic welding successfully the feeding speed of ele-
ctrode must be sensitively controlled in accordance with the change in arc voltage. At
first, the static characteristic is said to be in good condition when a small change in arc
voltage produces a fairly significant change in feed moter speed. Experimental studies
on this charact‘aristic were conducted. The results of this study are shown in Figs. 19
& 20.

Studies on the dynamical responsibility were also carried by oscillograph. The results
are shown in Figs. 21 & 22.

Through these experimental investigations, B. B. C., Lincoln and Unionmelt type UE
welding machines showed good performances.

2) Usability of welding macﬁine

Questionnaires regarding the usability of automatic welding machine were distribu-
ted to representative shipyards. In this investigation the Unionmeit UE type welding
machine showed the best results among the above mentioned various welding machines.

II-2 Studies on the Prevention of Sulpher Cracks

When the submerged arc welding is adopted to a sulpher banded steel plate, there
often occurs crackings in deposited metal. This type of crack generally starts from su-
Ipher bands of base metal and propagates along the dendritic structure of weld metal,
and cnsequently it is sometimes called “sulpher crack” in Japan. As Japanese steel
plates are liable to contain rich segrigations of sulpher, it is a very important matter in
regard to the sound application of automatic welding to establish an effective method
of preventing sulpher crack.

In this investigation two kinds of experiment were conducted, the microscopic sur-
veys on the mechanism of origination of this crack, and the effect of sulpher crack on
the fatigue strength of welded joint.

1) Studies on the mechanism of origination of sulpher crack

Microscopic surveys were conducted upon sulpher cracks occured in rimmed, semi-
killed and killed steel. The results are shown in Photographs 2~5. Main conclusions
are summarized as follows:

(i) There exists a close relationship between sulpher band and sulpher crack.
Sulpher crack originates from the point of segrigation of sulpher and propagate along
the dendritic structure of weld metal.

(ii) However, many kinds of segrigation, such as oxides of FeO, MnO or silicate
and some kinds of sulphides, were recognized in sulpher cracks. Consequently, much
attentions must be held to the composition of sulphides and the quantity of oxides.

2) Effect of sulpher crack on the fatigue strength of welded joint

Effect of sulpher crack on the fatigue strength of welded joint was investigated using
the Scchenck type fatigue testing machine. Three kinds of steel, A, B and C of which
chemical compositions are listed in Table 9 were used in this experiment. The specimens
were repeatedly stressed under purely alternating equal load. The results are shown in
Fig. 26. As it is shown in the figure, the fatigue strength gradually decreases in accor-
dance with the increase of length of sulpher crack.

—_ 5 —



11-3 Studies on Automatic Welding Flux .

Systematic investigations on the properties of fluxes used in submerged arc welding
were also carried out. ‘

At first, investigations on the chemical properties’ of commercially producted fluxes
were performed. According to the result of this survey, many of these fluxes are of
chemical compositions of Si0,-Ca0- AlLQ,, SiQ;-Ca0-MgO and SiO,—Mg0-Al,0;, excepting
some special ones rich in MnO.

Special fluxes of 44 kinds in the total were made in the laboratory in order to per-
form a systematical studies on the effect of chemieal composition of flux on the property
of weld metal. Surveys on micro-structure and mechanical property of weld metal, crack
sensitivity and etc. were conducted in this experiment.

Many valuable knowledges concerning with the behaviour of flux used in submerged
arc welding were obtained through this investigation. For instance, the effect of basi-
city of flux on sulpher crack were clarified.

TN
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b

* Y= FE 6HIZHTARFAISH (FRETR) OF1it

— 14 —

.



\_/,

Wz S S DRBITICBI L T — 2 b ) Y ORI B E 107, BB O 15 K10
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DAY, T RRER 24T 5 ESIE 65 ~ —70°C & L7,

TORML A LSBT, B bhns & 51 as weld, 2 4@l 2 HEHKE L — = >~
ZELEZODTIHENENSMOFRFT & b 120° LLEA§27: D2 L, hot peening & 3 M /&4y
B —=» 72 L7cb 0Tk 1002 BetlmEE i R L7, BB LD DORAFFEIZ L EBEE S H L
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LLEO#HRE & &0 5 EROMERTRATE 5o

1) peening iz & é%%f@ﬁﬁjj@%éézﬁ 22 o~ OFKIEGR peening T -3 EIE D B,

2) hot peening (IMHUINIBHEEEZ DD THRETHT T2 LIIFHETH 3,

3) v ¥ FISINiE %7 peening (2 & ¥ 30 JhE 35kg/mm® /55 12kg/mm® F T T B,

4) peening I3 + 7 ¥ 2iSHE LETISE L B,

SND DHEBATHU SV TRST) IR, BEEERPSRD T2 51 o7 hot peening 71 ¥ U &
IO, €= Y7 LRI E I B T & 1D & DT LW BRRIS AR AT Bt £ BT
Do 3MARGIIY ~ = » ARSI Db o4 —~ 2 b ) PEBROMAIED B LBV D OIRE
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WLETH B0, FHRE L B RO MERED B TERFRA KT 72 Z LA 272D T, Aif
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F e DR ERSE B 2 B B L OMBEDO LI R 3 Sic kB L T#E 2 Sh 5, BEBOREETRC
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BRI Z OV BB & 0 Rk & oked, MBDTES, BRI R OREIERRC DWW T 7 ¥ o ~ b
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L, 14 YA FUREIFAL) | 0.07 | 0.040 | 0.32 | 0.10 | 0.024
SK 2 I ELF 0.16 | 0.031| 0.37 | 0.074 | 0.022
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5 AT A =
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Unionmelt UE-37 Portable Welding Machine
Ca % | Oxweld No. 36

woooR Grade 20

% i . B.P.850A, F.P.650A
g E . 83V
Pt

1

E | B.P.20in/min, F.P.22in/min
& . B.P.!/in, F.P. 3% in

(&) B.P.: Backing Pass, F.P.: Finishing Pass
B K HRAMEOLERY
‘ C Si Mn P S
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B | o.21 0.039 | 0.35 0.039 | 0.037
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& g p: 3 "'}”T,,“"* §§ T e o
y;,;e m‘_ \4\.{;‘%\ ;t;m
g TS T e ey
§§. *e g?ﬁ?%’:;rm "
0¥ 0% —m“m!tﬁ(ﬁl)w 0 1% Luum“f
@ A,B# ® C #

FHN EHEECIRITILI =75 TORE

RIES M B 8 &, AL
BRGPEIFIRT, ZD3 b,
A, B 390 4 FERTHE O
i<, CIBEEDORVY) 4
Thb, bR L VAR G
258D BENEL, ¥ =¥ 7#K Lih
TR LV EHRREIT O,
A, BIiZEWHIE L THE 15 Bk
BRErol, BENERETEL
T3S DRKIG THo72h, 1
— T 8RO X OIS}
TREETHHL, Hhsh, M
BB R AN bR & > TEE
45 EH 26 Momizisd, =
DL LBEY H G
FREEIE LT, #FELTE
Rzt ERB BN EEZD
N3,

CORIZDWTULEH, SEolcdE
FRUAIRT G S FREDH Y
N7 7—05 97 ENEZRL LD
& D 3FZ O TRRDRER 2 170
HIROMEFERL B, TORE
DEELE HIEHEE U128+ B R
DR A FIZH LMD
B EE L BN D,

SEIDOEBRIIFORE L Th 5700, MVBZLE NENIZAE T 5 b DIZ DWW Tt BEIHED IS 1175 1E
<, Wt~ ~TRRTZDMEE LOARIBOBIRTIT 27000072, AL, WIRTR 2R
DL DI HIET/E S VAL I 2 TOMEIZ b Qe e b,

II-3 HERERFAICEET MR

ek L L THREAIC D\ C BB 4T 5 1Tk £ 0 Curept, SRR & WA 2
X EBEHORFEINT »—7 5 v 7 EDBEBLRD 7, FOMEIZWROINL Th b,
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2 Z Bt OLISHE, Si0,-Ca0-AL0; Si0-Ca0-MgO %1 Si0-MgO-ALO; £3RIZFIT D
CERZ 1,500°C LIT0IbGh S ASAISEVC IR 2 L, B oMMER RIS TH B LA
720
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3 4 B HRE D #LEE DREI B =L — BRI L 7o ¥ 7 Si0,-Ca0-Al0; iz MnO 7214
FeO-TiO; #mx7=b D& LEHL s, ThiEdpi L ot EK%\EEU&: X 0BG ESRE, KER
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(3) IReakEEFlohty 4 Bl R0, Mn 22h%h 0.58%, 1.412 KU 1.94%
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kiz, Bk 750A, BIE 35~40V, v — FiEfTHE 314 mm/min TR — FEE . A2,
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2 DFEH S10,-Ca0-MgO REAHIERI L Mg 1.94% SHHEALMOMAE, ROFRMEAER
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(8) Mn 0.58%, 1.41% RU* 1.94% ¢ @4 § 5 3FROMIMOARZ DOV TRER L A i fUd kD
WD THD, .

(i) Mn 2EDZ\ Mnl.41% é‘%’ﬂb’(ﬁﬁzb%ﬁ%i 7213 Mn 1.94% SA0KEHOH A BV 2840,
Mn 2804V Mn 0.58% A4 KSBOE AT 2B AL, BENEL CRIFTH D,
ez BAMEE R 2 VB A Z OENIIEREE TH S,
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