The Society of Naval Architects of Japan

401

(GF1 36 28 11 BERBaREREAIC S W THRE)
BKE: "B L DBETEHEIIOWT

ER #® sk M A ER F I ®*
ER & # X F

Welding of Submarine “Oyashio”
By Wasuke Matsunaga, Member
Kiyoshi Terai, Memnber

and Fumiyoshi Kanatani, Member

Summary )

Japan’s first postwar submarine “Oyashio” was launched at No.1l Building Berth at Kawasaki
Dockyard on May 25, 1959. Representing the latest fabrication techniques in the construction of
all-welded undersea craft, this vessel is now commissioned under the Japanese National Defense
Agency. V ‘ '

This paper deals with the records of fabricating and welding techniqﬁes used for {helco'nstruction
of this craft. Summerized below are the points worthy of special mention :

1) Used for inner hull structure were weldable high tension steels, HT 50 and HT 60, and vari-
ous quality tests were performed on each of the steel plates used.

2) The so-called unit cylinder assembling system was adopted in order to shorten the period of

constructioﬁ.

3) The length as well as the fabricating sequence of the unit cylinder assembly were decided
in accordance with the results of the fabricating tests on models.

4) Many kinds of special jigs were devised in order to maintain the circularity of the inner

hull structure and used successfully in the construction.
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Table 1 Principal particulars #KE 4 30mm BT % B WA TIES (2H ), F O 3RT50
of “OYASHIO” > v RS ER ST Bo REHI L LTHBRO—HTISS

Length over all 76%800 B, 'ﬁfj . ?&%Hyc&i@:ﬁﬁ;ﬁ;ﬁgﬂf:o
Extrome _broadth 1toce VA P 00 TGRSR PSR S A I O BT S DB AT R L
I - Uk KB EENATIEEERAL (HK FRK) CRVWTURID
= [Stondard displocement| | | o7 FADTHBMN, YEIAEAOTERKL ) & & T, B
Totol weid longth | *Sioo0m NS 23, EESMECIE SM52W (IF) #HEShiko B OWE
Number of rivet used °b°f,'ooo 13, Table 2 WRT LBV THHH, BEEDMCHREN 30mm V=
, 5 | Mumber of inner bl 14 D DIZERA 40kg/mm? P ERABEIR T BT, KEOPR
88 Number of outer hull 32 . #HCHRE 30 mm BlEo i+ THEMIMER S i, ER Y
2 | Keel loying Dec. 25,1953 (REESRMVCBET B L D TH B, KEpcirffcoz—3 vy, BE&
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Fig.1 Schematic drawing of submarine “Oyashio”.
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note B . IN HATCHED PARTS QUENGHED AND TEMPERED STEEL (HT 60) WAS USED

AND IN OTHER PARTS HIGHTENSION STEEL (HT 50) WAS EMPLOYED

Fig.2 Arrangement of inner hull plates.
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Table 2 National Defense Agency specification of steels at the time of
construction of “Oyashio” (provisional).

{ 1) Nationa! defence agency specification of rolied plates of high tension steels {0) Notional defence agency specification of rolted plates of high rension

for war ship steel plates for war ships.
Designation Plate thickness range Kind of ingot Plate | Tensile Yield ‘ Befadln 1es?
i thickness| strength | strength |Elongation Specimen senqmg Bending
NS 23A Over 23 mm to 6 mm incl _— (mm) |(kg/mm?) | tkg/mm?) (%) radius angle
NS 238 | Over 6 mm fo 13 mm incl 6~ 13| 50~58 | >32 >20 No. 1 Lot | 180°
NS 23C | Over 13 mm to 25 mm Inel. Killed o 4 steel 330 |50~86| »32 | »20 | no i | 15T | 180°
NS 23D | Over 25 mm fo 30 mm incl. Killed steel >3 | <65 | =40 | =18 No.! | 187 | 180°
Chemical _compositions (%) % Ct% | Siw| M| P S | Cute | N | Crew
[¢] Mn P S Ce -
4 <016 [<055 |<1.35 [<004 |<004 [<030 [<025 [<0.10
NS 234 < 0.040 < 0.050
NS 238 ——— < 0.040 < 0.050
NS 23C| <0.20 > 060 < 0040 < 0.050 < 0.40 1ot - g
ote ate Absorbed
NS 23p] <0.t8 >0860 < 0040 | < 0.050 < 038 thickness | Max. hardness thickness energ
(mn_t) {VHN) (mm) (kg-fi/em? 2
>16 <350 13 < 16 >3.5 (0°C)
Tensile  test Bending  test lwnmfoggow‘iangmc%ses hardness test >16 > 6.0 {0°C)
m
Tensite | Yield , . Bending | Inside N ¢
strength | strength | Specimen|Elongation| “gng16” | radius  (SPecimen 1) t<20mm Ceds 038
(kg/mm? ) |{kg/mm?) (%) | . 21 20<1<30mm Ceq4 0.36
NS 23A] 41~ 50 >23 No.5 >2 180° 0.75% No. 1 Noter ¥ Ceqs C+Y%Mn+YseSi (%)
- (1= thickness) - 2451
NS 238 051 B - N sy
g a1~50 | > 23 No. | > 21 1800 | (B<IC20M L 1,y IEBRRDBRCH L TRR LA ‘%*&ﬂh‘%oﬁ
{20<1<30) . = s
HOWEN SRBRA ZHRER LT, {LERG 5, 5l
= < o = = .
) BB, v v~ HRARR E 2T, BT
. Testing Absorbed energy
Impact test | Kind temperature (o:qf:m;gz ;est ﬁﬂ@a%%%%?:& v 7 Lﬁé%ﬁﬁ Lo Eloth
4 S
{1emmli ns z3c | ovc > 4.0 LOFRA IR & UCKERE e —7 —
NS 23D 0°C > 6.0 5 s - K i
X AGEET TR > 3 h, $Rkin 22 53t

(BB S AR RN T b)) KX BABIEY 5 F BTl toRERAMELZRTNHE D
WeF =y 275D, ARIROEBHREM» LRBRA ZHRR L CRARORBR LT o7,

MIMORBERCOWTIIE6ED L ZATHRRBI L L, 22 T as-received DFMABRER O &
WOWTERT S, ¥ TMMEN X VRRLURBA OLERG SRR L BERA»RES IV - v —
MR BIEERS L R HEE Lck &5, Table 3RRFTZ L FOEIEFLDTUNL, L IRHEEL T
RIREFDTHDO,

DECMHOTRBEC OWTTH SR, FROBH 35 K2 b& 3IEORBAZRER L CEERBREREL
fek T h, FOREEIT, Fig.3 KRTLED THDl, Fig.3 ©RLTL 0°C OERME (B » BEESRE
(Tr)) LOBFRE LOTF— % ~HHRELTCWAINSBEFERBEMRCELD Z L35,

DX BEEMAEICBI L TiY, Fig. 4 K PRI A O 50 v E@ENMOBEATO s v — P BT HELIER
BWTHROLBIERRER L OFEXHE L TRLTWS, CORTLRS LHEDORICIZKE IeE XL DR
Lasd by NS-30C ORBCAKETSRIFAERYTRLTWAZ Lidbnb, ¥ Fig. 4 WREhicsl

BRI 30 HosREs Table. 3 Comparison of chemical compositions on mill sheet and those
obtained in chemical analysis in Kawasaki Dockyard.

brhZh2oRBRF % - — —
. ems alues Results of viation of walues obairned| Specification
BRLT{TItbhdDT | com . in chemical sis £ 7 National
® positions mill sheet 1 chemical analysis | yalyes in nﬁ%{es: Tom gefe:c::geucy

bbo ¢ 0.14 0.13~0.16 -0.01 ~ 40,02 <0.16

X, BT L, & ™ 1,04~1.23 1.05 ~1.26 -0.07 ~ 40.09 <1.35

: 50 FwE .
RO F ¥ REIHO s1 0.28.~0.43 0.34~ 0.39 -0.05 ~ 40,10 £0.55
EHO—|MIIMich 5 3
P 0.014 ~0.020|  0.016~ 0,026 -0.00L, ~ 40.006 <0.04

oy . o
FovavDRELNDD s 0.014~ 0,020f 0,015~ 0,022 -0.04 ~ 40,004 €0.04
REDIDLITTHLH, T cu 0.10 ~ 0,13 0.1 ~ 0.16 40.02 ~ 40,04 £0.30
DB L HBERLTIIET N1 0.02 ~0.03 | 0.0l ~ 0.03 0,01 ~ -0.02 £0.25
BRI MIRBEMN L 2 ©er 0.02 ~ 0,05 0.03 ~ 0,05 -0.01 ~ 40,02 L ¢0.10
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53 26 STANDARD V-CHAPY TEST INNER HULL PLATES
RESULTS OF INNER HULL B -
o T | SEATES (OBTAINED IN ’ 30 TENSILE STRENGTH — s 30c
x, 24 KAWASAKI DOCKYARD ) t2i6~25 mm
o
w5 O :NS-30C (t=16~25 mm) NS-30C REQUIRE-
N @®:NS-46C (1=36, 37 mm) i .
€ .0 NUMBER OF STEEL PLATES 20 T.5.245 ~56 kamnt
[e] TESTED : 35
19
; ° 10
% 16 2 o- ® T
[+ [«] ~
Y o 9 5 " ﬂ é
w J W 0 é
a2 o—1-0.-Jo ol 0 5 46 47 48 49 50 51 52 53 54 55 96
Z ol % b £ TENSILE STRENGTH (K0/mm?)
§ ° P of o ' S OF MIL
. VALUE HLL
< g —g-o—t—— 2  3O[VigLo STRENGTH U: Sheet
Do 00 a / 7). RESULTS OSTAINED
& G ol e z B: 1§ kawasara DOCK-
. % 6 T 8 YARD
oz \Mm, VALUE OF REQUIREMENTS & 20-
© 4 OF N.D.A. SPEC. FOR STEEL ~— & NS-30C REQUIREMENTS
> PLATE NS-30C (3 >16mm) P BY SPEC.
2 o Y.P. > 30 X0/mm? -
10
o U
-50 -40 -30 -20 -0 O t0 20 30 ©
" FRACTURE TRANSITION TEMR,Trg (°C) e o
w a i 7.
. s hetvrean e oand TV = 32 33 34 35 36 3 38 39 40 41 42
8 etween Ep and Ty, 3} 2
Fig.3 R.elatl.on b 0 S AT &  YIELD STRENGTH (K9/mm2)
obtained in V-Charpy test of inner S -
hull plates. 30
P ELONGATION NS-30C REQUIREMENTS
(G.L.=200mm) BY SPEC.
T - ELONGATION 220%
& TENSILE STRENGTH
€ o0
g %
z 7
5 7
g sol—y 4+
& \
5 ) 7
w
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2 eso—p 40—
w . . . .
- Fig.4 Tensile test results of high tension
steels for inner hull plates according to
E 50 YIELD STRENGTH JIS-No.1 specimen (comparison of the
£ LT \fAE%%léTgarir%__?._ data in mill sheet with the results ob-
T NED FROM FOLLOW- .. .
B ING NUUBERS  OF tained in Kawasaki Dockyard)
Zz 40}--SPECIMENS !
i (NS-30C:39 )
& NS-46C: 7
v _—
s 197
N o m 7w A
ol / -~ 380
g
) 2 se0p- V.MM 2 380,
.1..310.4 ===
_ % o ELONGATION (G.1..» g 240 at oy sPEC. OF
o = NATIONAL DEFENCE AGENCY
= so—¢ § 320]
g 7 -1
£ 20— - 2
z @
< B 77, 5/ A w
eI :
o l 77,9 g
TENSILE DIRECT, x Y rd X Y 2 g
- w
x
=
>

NS - 30 NS-46

Fig.6 Results of maximum hardness
test of heat-affected zone of the
steel plates for inner hull cons-

Fig.5 Micro tensile test results for !
inner hull plates. truction.
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vE[ERE KA (GL=10.4mm) ZRE L CIERORFHRRLYTInO%k. TOMELY Fig. 5 R,
CNTRDEXBLIOY HACERTZHEOFEEREBEINZVET LTS Lalbnb s, ZOFEMIRE
EHEOS LD A EEAEEMRCEBCALRAERET, L RMECTHILELRVWEEZ LRD,
DOER 17 OSSR OWTREEERR L ER Lich, FOKEEREX Fig.6 RT2r <, JIS REBEMIC
IBE v s~ ABEHEIVTRYE, 200~310 OFHEICLD, HABPTHCHRLTWD T Ebd b,

4 BEXRICRT I FRHER

EFIMBEDLZATIBNICE SEARBOBREEY VIR T S, bz, WYYEEE2BRATICLT
LERBOREI LWL DIREBRE D, FLLBPEORREE CHECEMEXTERT B DIl s B
BLTEMBEEL 0B \Wot X 5 R DOWTOREERERY 5 27, JIECS TR 30 25 31 4
CANFCBBIE & & b ICHEER L O W e WRERERERC ST OMELYRAN, S bICIOEHROE
23 E Ul TRABR T2 BT
TRBEDOWTHER R 5,

4.1 PRRISEIF R -

Z OFERRITIEF 30 FEh LR X O
JIBETO®XARHRL LTERINTWS
DT, ARYBEBEBEC LSS, T
EoXp, EFEORT, BEEOHESR

Table 4 Collapse test of inner hull cylinder
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L
Number Size (mm) Kind of | Collapse
Group of Purpose of testing ' hull steel| pressure
assembly L 1 1 l t D plate (kg/cm?2)
@ 4 Study on method of fabrication | 2,500 130 5 1,200 | SM41W | 20.7~22.7
Study on bodily collapse 1
5 (with variation of space ! between in- 2,500 50~ 70 5 1 1,200 | SM41W | 15.2~22.6
ternal frames) |
® 2 (with rivetgd internal frames) 2,500 70~130 5 1L,200 | SMAIW | 17.0~20.9
® 13 “ 720~ | so~160 | 7 | 1,200 | SM41W | 19.5~34.5
(with variation of L and ) 3,900 ~ ’ ' .
® 4 (Evgﬁit ‘?;r;‘;%ggdoxfn;frnal frames 2,500 50~150 5 1,200 | SM41W | 14.8~19.8
2 Effect of pressure trans. bulkhead 2,500 130 5 1,200 | SM41W | 19.4~20.6
Effect of welded internal frame
@ 4 (with variation of frame size) 3,600 120 5 1,200 | SMa1w 8.9~21.3
"Effect of L/D 720~ N
> | (with variation of L and I) 3,200 40~130 | 5 | L200 SMUW | 14.2~15.8
Effect of use of high tension steels 1,700~ | ~
8 (with variation of L and I) 3,200 50~145 5 i 1,200 | SM52W | 24.6~28.8
8 (with vari:tion of frame size) 2500 60 I 5 1 1,20 SM52W | 19.6~33.1
Study on collapse of shell of SM 52 W 840~ | | i
@ 12 (with variation of ! between internal 2,500 1 70~350 5 1 1,200 SMS52W : 10.9~34.2
frames) POV | jx 1
—_ o ; —_—
”
® 2 (with riveted internal frames) 840 105 ' S 1,200 SM52W | 28.7~37.6
® 3 | (with weldgd external frames) 840 70~105 S E 1,200 SMszw ! 2.9~29.2
2 - 950~ 5 | 1,20 SMs2w | 8.8-12.9
®@ (without frames) 840 - ’ ! ’
Study on collapes of shell of SM41W 840~ { ; -
® 5 (with welded internal frames) 2,500 | 105~228 5 1,200 i SMAW | 12.5~21.4
! Study on collapse of shell of SM52 W, 840~ —- SM 52 W
4 yield strength of which was lowered to | - 5 1,200 17.5~27.9
32kg/mm?2 by heat treatment. 1,060 70~133 annealed
Total 83 1 |
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PR EAGRE oS CBEN LeFHEOAYERTHZ L 2T 5,
Table 4 [ZERF1 30 48 X b WEAN 33 fEeind T Rbh i IRBAERABROER ~ERTH D,
if,ﬁl&&ﬁ@tb@ﬁﬂ@%ﬁmgo,ka4amjf»~f®4@%%n%n%&ot@#ﬁ&f
s L, FOEMEDMERRE» CRBEOR TEY
BE Uiz, Fig. 10 12 £ DB PBHA DML R
L REmOBEHEERNR LI 0T, 2EHOM
VHE L GESOHEDO LD LD LWL DD 2
LA AR CHABED R OE D DT 5, @
gD 2 fFE L Fig. 10 cRidx5e (1) W
Fig.7 A view of fabricating the inner hull BN R AT ST, & (2) PIie
¢ models to be used for the collapse test. LR ARG T AT, £ THDo
o0 4 HORR I R OWTE L B
BRI Ui R, AT LT (1) OPREREBCHELRA L, BERCHELT/R 2k OMRRRD
[T Lo Lo T o ORI EEORELC LA S, BRI T THRKRHEFRmEET T& B
BERBATHRILENE bl

Fig.8 Measuring of circularity of the Fig.9 Inner hull model is now set in

completed model by using special the pressure tank for the collapse
measuring apparatus. test.

F TN UFEOERAOBRANL TR T EROHENRA I b Thoa, %< OFR I NERIT DWW
TEOEMERHHLTASL L, EAEORBIBHOR I IDOTRELEEIND Z L23bn2, £T T
WEBOB KM dmax. r BAERZE hmax. L ORHEY LO_Txs e Fig.ll oF¥40oMK0Z & XEHk
RHE bR, Fe—HEHRILRERORAMEL OB HE LTH5 & Fig.11 053450 X 5 7sBithp T
B, DENHHEINEL ALY EMAEORENARBRILD LWV I LRI R TEONADTEHESLN, BKE
DRNBOEMEIIEEBEORGEE—RCERD £0.3 YUNTHETITOEVWEI R TWEND, TOT:
DITIE 1m 200 FoBEMOFE Fig. 11 X h Z0E X% 925mm ik X iridiudls bicv,

CDORREEEBOBH G H TUIDTE L NINBOEMBRED DL O TERRO R Y v v 7 RIZEWIRY
X<, 4m 2 I b LREFE LA LW 5 BRATTL Do '
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(1) METHOD OF INSERTING FRAMES AFTER ASSEMBLING INNER HULL PLATES

CIRCULAR _JIG

INSERTING

TO BE ASSEMBLED »
WITH BOLTS

HULL PLATES ASSEMBLED WITH @ FRAMES INSERTED TO GCYLINDRICAL HULL
CIRCULAR JIGS PLATE AND THEN WELDED

(@) METHOD OF ASSEMBLING INNER HULL PLATES AND FRAMES SIMULTANEOUSLY
FRAM

P
N
FRAMES ASSEMBLED ON UNIT (@ AFTER COVERING TWO OTHER HULL PLATES,
HULL PLATE BUTT JGINTS OF PLATES WELDED, FOLLOWED
BY WELDING OF FILLET JOINTS OF PLATES
BUTT JOINT OF HULL PLATES TO .FRAMES
JIGS FOR -RESTRAINT
FRAMES HULL PLATE

HULL PLATE RESTRAINT

-

T 70 BE.CLAMPED

U—;J I~ "WITH DEVICE
L)

RESTRAINING PROCEDURE  FOR BUTT WELDING RESTRAINING PROCEDURE FOR FILLET-WELDING
OF INNER HULL PLATE BETWEEN HULL PLATES AND FRAMES

Fig.10 Method of fabricating inner hull construction model as assembly.

»

Suax.
-8 a AG
° e ~f20 8
O INTERNAL FRAMES | 3
1 ® EXTERNAL FRAMES | AL
A WITHOUT FRAME | 3
<

é
- MAX. LONGITUDNAL STR
5
»
o

as P—t—

P N i 1.

8 1 6 5 43%3 2 1 o0 s00 2237 1000 1500 2000
MAX. DEVIATION OF DIAMETER i Max.(Mm) LENGTH OF UNIT HULL. CYLINDER L (MM)

» ALLOWABLE DEVIATION OF DIAMETER 18 DETERMINED LESS THAM 0.3 % SO THAT ITS
AMOUNT 1S 1M200 X 0.3% = 3.6 um

Fig.11 Relation between max. longitudinal strain and max.-
diameter as well as length of unit cylinder.
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REOEGFIL I ORBREICH L TERIR O R KR X ¥ ROTERDFHEERIC A vk X 5 IR ERIR O »
— B EO v v O HECRE T A0, TRTOMERY P 5 v A S MCEE LR BEkyRAL
7o

4-2 EMKRERBEE

BBOPRBEEERIC L Y “BRLB” BEHEOAFIEEINTOTHS, HREMAE TECELTD
BRY D HIHREYROERGEZ v v 7 (WF3ARYEL) HWEEEECE LD TRIEI N, HHEITERE:
LI TED A @ik DO LT, MR Lo BEE TR 28R BELBATS LML bitl,
ZORBCHWTIBIK, &M, &, ML, B, BEOLLOLIBECOWTOF -2 %55 AL
Ly, 2 DRERHROPRLERLDOEZLITNEDED LRI TEHD, THODERTTNTEEOMKTER
DRI D = F i,

(a) Fitting and welding of (e) Measuring circularity of full-
frames. scale unit cylinder model.

{b) Jig used experimentally (c) Jig used experimentally (d) Same as the left

for the restraint of long- for the prevention of angu- (2).
itudinal joint of unit cylin- lar distortion which takes
der. place in inner hull plates(1).

Fig.12 Welding of full-scale model of unit cylinder.

(1) ERRORMMBIFENRL I 6mm KX LTRLERDLS, & OB SMEONRITREH
BrEhiTs,
i o /MR- X 5 EROBY =2mm
BT THOMEOMERIC X 2EROMA =1.5mm
WHEF (2X) OBERMC X 2EEDHA =0.5mm

hBHEA DD DEIR =2mm
i+ 6mm
(i) ERSEAEF ORI BEEH 2 Y = HOFCBATE 57000t F ok dd L4 1mm O
BALETEHS,

(iil) ERRERHEET O BB O AE LT Fig.12-b 02 & S HWFHATHIETE 2%, WL AN
LB DR Y AR OB Lt LTI B R0 21DC, & 54 LB BRI Y 3 72 2 0ERE 5,
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(iv) EE L SR & OFEABEAC X 2 AEREREO BBV, ESEELL ZORHO@AinY
EREOIERMADETHD,
(z DREETIE Fig.12-c X O Fig.12-d R ENB X 5 iR E AV bRV E IR O B fmic
LT3 L s o hyoTc,)
(v) ERBERECEAERITH LR DA THEFNBEL QWA ERBOEMERHERT S - Ll
BRBAHThbo
b 2 &£ K E
51 BEZORE
HMEBTORLT L “BPLE” ODEBEOAMIZEOFHEROER»D Fig. B e {FEIN, T
ERED B, Tihobb, WRERKLBEECRMBIAEITTRE, BELELRRPCEAL
TR v v 2%1ED, OEXREOERE vy 2% 2KV SHE, BETORWTHEE S » v 7 2 {F
D, THNTERLOMONBT ® v 7 % TE 5REI5ER L TESERLTR S £\ 5 HEARAI R,

ASSEMBLING OF FRAME

@ =+ 1S
& s

ASSEMBLING OF PRESSURE BULKHEAD

BOTM INSDE AND OUTSIDE WELOED AFTER FRAMES AND BULKHEADS WERE
UTH SUNMERGED ARG WELOING METHOD | AqRANGED INSIDE OF HULL CYLINDER,
THEY WERE FITTED AND WELDED

ASSEMBLING OF INNER HULL PLATES

Fig.13 Assembling sequence for inner hull assembly.
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MOTOR ROOM ENGINE ROOM | CREW'S ROOM __|CONTROL ROOM | OFFICERS' ROCM TORPEDE RCOM
e ! o T AFTER BATTERY ~ PUMP ROOM (S.S.) FORE BATTERY ROOM :

GYRO ROOM (P.5.)
NOTE + () SHOWS ERECTION SEQUENCE

Fig.14 Erection sequence for inner hull assemblies.
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THEATEIRERS 2 v 2T TR ABRO—FE L3772 b « F~7n ERESEE I RS T2 oT
W5, Fig. 14 122 5 LCCERPRS v v 70RE L BBHRE E~OBEREF R LT 5,

52 B #& R #&

“RBRLE OBRBTHEERL Table 5 WRTLBI Thb, ZORCI—FFOMCETERBRETREOTE
EFEORTCBN, THTATh b5 LE), NBROBBFARAEFEER LT 5 RE &N
TOBRBHEELT A, 8 ADEMR ¥ /criolcled, BEFEEEOEFHIV I TR IETENOBI tOMESE
OB T BEGRER X VIEE T ORIz L 2O ML Thhills bty 7ok Fig.15~20
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Fig.16 Fitting of deck plates, floor and other
structures to inner hull plates is in
progress in the same shop as mentio-

ned above.

Fig.15 A view of fabricating unit cylin-
ders in shop. In the inner part of shop
submerged-arc welding of logitudinal
joint is being performed.

Fig.17 A view of fabricating fore and inner
hull constructions. The whole fore end
structure was finally subjected to
stress-relief.

Fig.18 A view of erecting No.1 inner hull
assembly on the berth.

Fig.19 The work on the berth is in progress Fig.20 The first submarine “Oyashio” just
under the awning. before lanching. Loading of main engine

and generator has been already finished.
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412 M EeERE BHINF

6 BHEIFROMER

6-1 II%ORRMMERR
SEMRBOET SO L, EHORETEBCAR LNRARR MRS, KESEIHETY -7
~I L AT 5 3 b, SNBSS SRS B BRI M T o bhi) X HRMLE
P 5 T A T B A R R T L S vk T = v 2 LTR L BES b, BRI IO & RHIH
P HRBATERERLTC, FIE, SHRARR A Tiobhis
R RIC L TR X, BB E & LM L INTH & T L A BBV, HORRRET TS
X5 Ch Do ¥ EEE S B RRE T OEEE R LTV 55820 E LRI SR TI V&
2 bR, FOEM BV TREDKRINEC X 5 EENMO T IMTIIE T 5 ETHA S FLLEE S
b0 r LTI, AROTMEEEcE s 2H M23h 5, BUEHED E ik 7~9kg-m/cm? X5
%7~ LRI /e v D teo
ERomEomTC X 5 HEBAOEMIRR LA FH EMTH ERLTLARLF v —~OOMK T, &
BREDRHTUED b E b0 TCETELEEMCRTE LIXTELLALOEIK Lz LR TRl
T LA DM, BRME L LB EENSEEYE S UTHE L e TARBEOE AR BB V- b
DEEx Do
6-2 BREMFROXKRARAR
(1) HBEEERTERRAR
a%ﬁ%mlﬁﬁﬁﬁﬁmﬁﬁ4ﬁ~mmm@ﬂﬁ%;ﬁﬁ@6~mmm@%ﬁbmmﬂbfm,g?um
%ﬁlmxwzlﬂ%i6@@%@&%@%Lt%mffmﬁ%L%%%hfmawﬁxmmﬂbfu:@ﬁ%
ORELL ED & Dt LTRBI Tiebhico
BT ERRCE, WER 32 4 10 A 26~29 BIRo¥OEBEHI AW TTbh
(i) ZBRHEBIVEE
SM52W, t=16, 18, 20, 25mm
2H §¥, =32, 36 mm
(iil) ¥ 8 57 &
ft ¥ F - BEEE (AE)
MEEF  FEE (WHE) L a8RE Ot oA
(i) B # ¥ H
Linde No.36xG 80
SM52W %MMeNo4OAxG80
Lincoln L-70 x G 840
ﬁﬁﬁﬁ] Linde No. 36X G 80
(2H A {Linde No. 40x G 80
Lincoln L-70x G 840
F OB B AP M LBS55
(iv) ¥~ FOEERR
SRXHHRE
BF5IRAR
BEFHGMTRR
B R
BESBOVY v & —ERAR
BEFWimE~ 7 v RBR
Y EDFEREOWCHEFEBEHNED b L CRBRA OBER X CBRRERLTOLER, WIhoRT
BELRBCARL, Radhio
(2) HETHERR (s X ORRDMOEE)
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BETHEARETRERERBCL L SV TH I I hic, MEL3ELE GRBRH OHE 50 F»
HT, & : 25mm, BFELES  BH, YA, TR TRERBY 153 Hod 137 H1E#K L
e BEHRARR L e, HPNCHBRBESEFREDIDOMEL LT, BAYDOWRAEFEHETS
BBRCOWTBEFERLRCH UCASRBEIE T bhi,
(3) WETHMARAR (REHMoOBE)
FKEDY o 7 —r VHESE (M) OB L TRHHFAETRMRERECEL TOXOI L T B
THEMRABI TN, :
(i) A2ZA7— 2 BERFRRR
TEBREH: 2B1H
5RE14R
REEFAFE : 316 L (¢=9mm)
% B B 98 NC36 (3.2mm)
AAulE MU3 (. » )
B R B BHEBRERAECR Y-
(ii) REWT A - 7 — 7 BEERR
% BE B :TIG (TR, i, #)
MIG (FrAp)
HRESFHME : 316L (1=6.9mm)
¥ o k316
B MR B SRR S L O RER
IIBE TERTIES) DIX, ARBO 22V 7 — 275 64, TIG B 84, MIG BEC 6 A Tch%th
ZBL, 2REK LI '
6-3 ARWMEFOREELE
(1) # F BH %
HEBFEOEAFEFO 5 b, MEFSIVCHESBAREFIER L b ThENEBERS IOFBRETHLD D,
PERNBETORSTED, standard r7o>T5 KA X0t KM
Bl (RRLVERSIOXHEOBEE 0~2mm OFX L 5) KX VRT ree T 5Ty

Ihize : f 3 ManuAL WELDING
L LTSHAREFINBoRAEREO coHREFEETCH | | o DR meoed

WO AA] X~ %I T LR TERVOTHEGT BB L KBS RIS
de ‘,mc WELDING

h, B%ED Fig. 21l @R X 5 NEFERE, SEHEBREORE» & . t2
bhic, Fig. 21 Details of the edge pre-
(2) 5 # H paration and weld metal of

circumferential joint of hull

e N BhsEL I & HERBHEBR TR Fe )
BEEAR E LCIE, ABNSENCH LT THRREABR CRR S 11 Clntes welded in the shop.

DR7 7 v 7 2D EEOH, EREiILinde No. 36 X G 80 A b,
FREBCIGETHEAEREOBRRBRECH K Lo ®F 8o LB55 AHEMA I i,

Table 6 Examples of joint performance test results for 6-4 ARFEBOET HAERER
butt joints in inner hull plates. HiR D & & < IEUAR B8 O M E R
Kinds of | Plate thick. | Tensile test of weided joint® s:vig!efesl ;/e-sih;rfvfi; m,é‘ness IX3ER 3 L OV TH O H T DV TR
i ioint ‘g‘,’,"',.’ Yield S. [Tensile S.| Fracture (sids bsnd)| metal , E, | test L, WBOEFBRZHEEH LI-0ThHA
{material) [(*9/mm?) | (k¢/mm?) | location |\ 180° (X" Mem?) [ (V.H.N)
— — 7, T HORE R RO BT
welding | (ns23) 36.1 55.5 plate Good 10.7 197 LI o T LB 8 2 DB n+4
Aut ti =]
weiding lwosnmess 34 | 493 | pote| Good | e | 17 TAEBERHT B Y 5 DR KRIC =
61ding  Iins30)(ns 23) (NS 23)
»a Tensile test results of welded joint show mean volues of Iwo specimens. v 7 T%f;?ﬁb((l‘]"éj%/\' Eﬁ%%&h Wﬁﬁ
#* Eo in V-notch Charpy test show mean values of three specimens. DR HEBORBR LR UTE
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joint in inner hull plates.

A PART OF DECK PLATE FHERERBR L 1727z, Table 6 o7
NOORBIERD S LbFREAFLH
g« FOLrhThoRERR S0
ZIRL TS, ZOMBTREINS
I, WIFhb ol TREBEE
HHER 0T B 2 L AR IND
ThbHo

T AT, s ¥ Fig. 22 3z b BEFHAER
Bho—fl#mRLT\w5,

65 % # I B

MR 313 2 BEIER L TR TREk
DR LI 31T 5 WEIEF O R Al

@O @ AnND (@) SHOW WELDING SEQUENGE OF BUTT JOINT IN MAIN PLATES

(D (@) AND (3) SHOW FILLET-WELDING SEQUENGE OF MAIN PLATE TO DECK BT s, BKERICH A T S >

PLATE, STFFENER AND HORIZONTAL STIFFENER SEOFRTONT, FOWE B EFE 2

Fig.23 Welding sequence for pressure transverse bulkhead. R Fig. 23, 24, 25 0= 2 L Ch.
%o

6-6 BHEOEPLAR
W7 v v 7 DB X HEDB I

INNER HULL PLATE

FOUR WELDERS, THAT IS, A.B, R LT, REBECE>TT
A C AND D WERE EMPLOYED TQ
( START WELDING SMULTANEOUSLY 7e R RO AR ITRRIEC

D2 DRICERY b L LTER X .
FERAINRL, O3 bHEMNBHL
WHEDOELHFTEDED 3 DT H A-
5o
(i) MAEMAREA
(ii) AHBIREMARFER
(iii) BB FOEBIEA Y v~
H =K —
(B & B L ORBANBEC
X Y AEAR D B v h R~

RAUDOXR<IcdD B D)
Fig.26 3 X ¢ Fig.27 wFxnb
i} NUMBERS IN ORAWING SHOW WELDING SEQUENCE 0)“ i@g} :}5 ¥ ‘()‘: q;,@\ . %‘
ii}) AT FIRST THE WELDING OF FRAMES AND BULKHEADS NEAR _ {é @ ﬁﬁﬁ ’Ht(yl];
THE WMIDDLE PART OF THE CYLINDER WAS SET ON AND 7“_,3)-0

NEXT THE WELDING ON BOW OR STERN SIDE - WAS PERFORMED

e BEBMEAREFOBEOBTIL
Fig. 24 Sequence of welding frames and bulkhead to cylinder. Fig. 28 WirTX 5 At+w v
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NOTE) THIS DRAWING SHOWS ASSEMBLY
OF CONTROL ROOM

A PART OF OUTER

— x5, 8 8

CURTEN PLATE OF TRANSYERSE '
__BULKHEAD OF \QUTER HULL CONSTRUCTION
g 7

CURTEN
_DECK_PLATE
DECK_PLATE
INNER HULL
\_BOTTOM_PLATE GF TANK
BALLAST KEEL .
A PART OF OUTER HULL PLATE
. FLOOR
Fig.25 Welding sequence for butt joints in inner hull assembly.
DETAILS OF THE RiNG GIROER 'FOR RESTRAINING OF

THE SPIDER FOR MANTAINING CIRULARITY OF FRAME WELC DISTORTION OF HULL PLATE

%:[3
o) =‘=/ﬂﬂma

|l puate

\i.d.or RING GIRDER
0,d, GF HULL PLATE

~__J—INSIDE_SURFICE oF RiNg GiRER
e SHELL B
7 FRAME

_Jl STOPPER (45°INTERVAL )

THE SPIDER FOR MAINTAINING CIRCULARITY OF
INNER HULL PLATE

¥4 8OLT_HOLE
""""""" oNiL 1 —7
g \
1
' 180
10 B8 NOT WELDED BET: T 300

EEN_HULL PLATE AND SPH-
CER

Fig.26 Fitting procedures of the jigs used for fabricating inner hull assemblies.
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Sy rpMER I, CHIZA PR VS - oty 2 R PRI
MECEARTFHED 77 v oMo X Y CILERS
hTuwb,

67 {T&CZ HBFE

SRR LE” OBRBERTRYSTL, BESCvLvREO R
AELRT VbW D R R BERS, MNIREOEEY
~ A LA HERO T, FIEHREADCVICSETS
BEEL, F0BE, B U CETRMA ik, BERR
MEBREDTHSN, HEELEXHLS TEERIT=Z0FITOU

Fig.27 (a) Jigs for maintaining cir-

cularity of frames (The photo. THEEC: bR TEYSHATIUE Fig. 20T 8D
shows tack welding of frames Chho - OMINROFHEAR, FEHERFAD, HER
to inner hull plates). A, kI OTEREED @EREAD D%~ DK A OEIREHE

DEDOFIRLR LTV B0, LWTFhoBe bHEBRIXE L
L, BOCETO® Al 100mm OfEichic>T 50~100°C
CTHLTIE, FFRROBTFONIL AAOBEETICLY -
—RICERBLABETTL, thrbbrOXgrElc440

e

Fig.27 (b) Jigs for mantaining Fig.27 (¢) Ring girder for preventing

circularity of frames (The distortion of curtain plate of
photo. shows submerged-arc inner hull plate (The photo.
welding of outside of lon- shows welding of plates).

gitudina joint.

Fig.28 Strong back used for welding circurnferential joint on
berth. (The strong back is of inserting type so that it is
unnecessary to tack-weld it to inner hull plates or frames).
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MAIN MOTOR & MANEUVERING OPENING

Y _OF FO /] (AR MACH]|

AT N AUXILIARY ENGINE OPENNG
INNER WAL PLA ()

ﬂ (CUTTING OF INRER HULL PLATE),

( CUTTING OF
m)
78

73

CUTTING OF INNER

.
’

i )

3

—

S

¥ R ittt il ""/

.,.\_-_2.‘- =N

| gé%,.
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i

1. Arrangement of welders---three
welders
2. Welding sequence

(1) Butt welding of inner hull

plates

(i) Welding of internal side on
the port side (welding seque-
nce Q@@ -, three welders
start welding simultaneously)

(ii) Dye-penetrant inspection
(including the fore back chi-
pped)

(iii) Welding of external side on
the port side (Welding seque-
nce Q@@ -, three welders
start welding simultaneously)

(iv) Dye-penetrant inspection

(v) Welding of internal side on
the starbord side (welding

sequence [T[Z/3[4]--+, three
welders start welding simul-
taneously)

(vi) Dye-penetrant(including the
face back chipped

(vii) Welding of external side on
the starboard side (welding

sequence [1/2{[3[4]-, three
welders start welding simu-
ltaneously)

(viii) Dye-penetrant inspection
(ix) X-ray inspection of all weld
length
(2) Butt welding of flange plates
of frames
(3) Butt welding of web plates of
frames
(4) Plug welding of scallop in the
web
(5) Fillet-welding of flange plates
to each web plates
(6) Fillet-welding of each frames
to inner hull plates
() X-ray inspection of 2ll weld
length
3. Preheating procedure
Both sides of joints in the 100mm
width from joint were heated at
50° to 100°C.

1.

(o]

3.

Arrangement of welders:--three
welders
Welding sequence
(1) Butt welding of inner hull pla-
tes
(i) Welding of internal side on
the bow side(@®@®®: - -in order)
(ii) Back chipping of external
side on the bow side
(iii) Dye-penetrant inspection
(iv) Welding of external side on
the bow side(@®®- - -in order)
(v) X-ray inspection
(vi) Welding of internal side on
the stern side (i_T_'[ZIfElm
order)
(vii) Back chipping of external
side on the stern side
(viii) Dye-penetrant inspection
(ix) Welding of external side on
the stern side ([1]2]/3] - in
order)
(x) X-ray inspection
(2) Welding of frames
Preheating pocedure
Same as in case on main engine
and motor opening.

SAUXILIARY ENGINE _OFENING
PLATE)

WELDING _ PROCEDURE OF COVER PLATE OF DPENNG

WELDING PROCEDURE OF COVER PLATE OF OPENING {iN BHO}
FOR_LOADING AUXILIARY ENGINES

\

\~

1. Arrangement of welder: ... one
welder
2. Welding sequence
(i) Welding of bow side on the
starboard side(D@®@- - -in order)
(ii) Back chipping of bow side on
the starboard side
(iii) Dye-penetrant inspection
(iv) Welding of stern side on the
starboard side(@®®@@®- - -in order)
(v) X-ray inspection
(vi) Welding of bow side on the
port side (referred to the case
of starboard side)
(vii) Back chipping stern side on
the port side
(viii) Dye-penetrant inspection
(ix) Welding of stern side on the
port side (referred to the case
of starboard side)
(X) X-ray inspection
3. Preheating procedure
Same as in case of main engine
and motor opening.

Fig.29 Welding procedure of cover plates of openings for loading various machines.
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BETCYVERELJEETFD L5 AERE bhlke COBEIEFIZL, B L ELOBESBEY—ER B
CEFHEEORMBEOSHTH > IEEHCR LTI h 2SI L oBhESBEOMEREAZ< L, v VST
ZEMNDEZHLLIIEVIEBLFLDLELLIDO TS, ZOHETCTLbh LEEoBETCZ£L Y VD
RAERZDNIEI DO, COFEIRXD AR EERE OHBROKPIRY VEKH LTRELSEETI LI THL,
BERETHCRESORKTCTLOMBRLH I LR CRERBEA P OBS 0~3mm (RFMHKRKA 4.6mm) ¢
HOoleZ EAREINTVEDT, g ) BEREMAREBTH O L2 Do BB TNTORD Z ZHTE
TR EFOER L0 EFEH I, _
ST LEROFE EEERIID & AFEMOBTEROREC YO TRFI b2 THADKBR B ebhitz &
w3 ETCh7\,
ThbbiREEWCEVR Y O RBIR CERBCMIROEIE Y L1310 & ABEEY R LT A OIWERE, B
Bk, BEMOER ECOWTHHRBRINTIRICDOTHB,
1 - ABEEO XBRBE R OWTIE Table 8 #2BIhivy,
6-8 S o/—HSLBRBORE v
“BRLE” OV~ VHRE R X O HER B Y 300~400°C O EROBER T A2uED, Az
TEHKCBEIND1o», MEHRLBRCKI2HMELNLICEF: 316 L R"EMrEAIh, JIIBETER v
TYEBIZD 5 DHKEORFRLEY L, 316 L TEMI Lo LFERS B X CBBOEE % Table 5 R
LEDTC, CEB¥ 0.03% TR XX THAROREEXIIND, M %L TEHRR KT 2REOHRELYR
B Olet —ATFA FRAGBMTH B,
Table 7 Example of chemical compositions ‘and < OMHOEAICEI L TIREM 32 4 .
mechanical properties of stainless steel 9 ABTHIT OFFER 5 Ui HA B EHR
for snorkel exhaust pipe DEPESERT, EMRET, MRA B -k
X hEBRIhE TRF v U ASTIERE -

late Chemicol analysis (%) | Machanical properties HEEREAS | 2o b TEEEEND
Specification] thick. clsiim . Y.8 | TS Elong. -

(mm) FyMeCr NI} P S MO | (kafpy ey 65750 T DEEREYERCHER, B 33 £
A(Issu's-—ax:';;" 6 [0.03/080|158 17.9) 13.71 l00I6|0.008f 2.55| 24.2 | 54.6 | 6 2 AEBENEH I NI, Lo TER

BOBSEORLEMRI TN T OELE

JOINT PRIPARATION AND WELDING CONDITICN

sl o of T o of ESn_TArgon
. ] Jeint elaingly Kt
Tye ot Joint Jinck. Positisn o .
. e Carront fiow mto fFumorke
A [P e o Lol | (Amp) 8 /min}
no | 332 — 0
8t Joit for weldig ® || O | —| 4 -
e side LR 3/%2 | — 0 6us bocxi
NC 36 @ — 4 16010040 ~60{ —- —
KM Jont for viswing N D~
et €sa @ 16 jHC 18] € .| T “ 2300 — —
Douzia-vel Grecws Joint @ | Mt on DG —— | e R S
te frint (i
iCpivier plete « Parge) ® |—-|rein 1D]uwe|— i — BACKI OCEDURE
Low Juant
¢ hote x oo L j~ite!ln L@| e | — lao- 230 — - vl
Cylodar FOR TiG WELDING OF
f CRCUMFEREN
Sociat cumar foint ® |[—imewi ¢ Q| 268 Jeo-rof T T T RENTIAL ST
H L) 3.2 {60
- G

0T (831 STy ess 5 :
B R b N et TN S PO . ( oo
Iy S -\’,:L LY . q /7
X o] x K
.__"E%‘k y [0

,
$50ME 2000

DIAMETER 35CMmp )

‘#!Ig DIAMETER OF

Fig.30 Welding procedure for snorkel exhaust pipe.
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CER L TfThbhi,

va 7 —r VHREOBEHKE, BEEITERY ¥ DR L TURLEOMN Fig.30 Ths,

ZORTHbrhrEh, FEBTCUOTULAZNL « 7 — 27BEBEE L RER Ty ABEE L AH N, BERED
AL AHEAEFOR I BEHCIIEHRREE L F R« o v/ Y WV RESEY ABE (TIG B8) nNE
HEh, TofIdXTrEL . 7~ 27BEERRC X2k, ThbOBERD X BBEREICOVTiL Table 8
BB i\,

e BEIIERF & LTk Fig. 30 OBERCRINALET By 72 LICEERSET LER bi—Kieof < File
&7 vy 7B E UURTEMR T b, S OEEMo BRTIGHEEER & RILYoHcERET L
HOETEIETS 2 LT, B X Y BERBILIRE L RILBOBER YR b2 D Thb,

B IR ERT R A L, INBGEE 200°C/H, , BRI 1050°C, IR 154, A& TS & Lio
PR OLEDOREIA Y —~ VBRI TR D AB L HAERIE > O CEEVE X OH BRI o
e BPREITRBECKERBR LT\, OO soundness 2FER X iz,

¥ REB BRI SR XBRENXT bR FOfERIT Table 8 KRT LR D XTbdTRIFTCH DM,

Table 8 X-ray inspection results of welded parts of “Oyashio”.

. " Mater I Clossification of X-ray test resulis

Location of inspection ool M doss]2nd doss]3ra closdth closs[5mh ciasd et cieed Toral

A 404 70 12 4 1 13 504
Seom joints of Inner hul) piates HT 8 181.80G | 31590 | 5400| 1800 450 | 5850 | 226.800
[ 803 14.0 24 a7 (X} 25| 1000

A 443 73 8 2 o 2 528

Butt joints of inner hull plotes HT B 199350} 32850 3600 900 o 900 | 237.600
{ In shop ) [ 840 3.9 15 03 [ 03| 1000

A 299 21t 6 3 o 3 332

Butt joints of inner hull plates HT 8 134550 | 9450 | 2700| t350 ol 13850 | 149400
{ On berth ) c 900 64 18 09 o| os| oo

A 555 158 45 18 12 2 790

Web plates ond flange plotes of frames HT B 91.890 | 25490 | 6270 | 2300 1750 140 | 127.840
[of 7.9 189 4.9 1.8 L4 ol] 10006

A 65 28 10 ) 4 [ 107

Fore and aofter escape trunks BT ] 16.250 | 7000 | 2500 0] 1Looo 0| 26.75¢
[ 608 262 93 [¢] 37 o1 1000

A 82 30 2 [¢) o] o 124

Inner hull fore and ofter end pieces MS B 21.550 7500 | 3.000 [o] [¢] O |_32050
c 66.2 250 88 o o 0] 1000

sS A 399 148 32 3 4 ! 585

Snorkel exhaust pipes (316 L) 8 85800 | 31800| €400| 600! 800 | 200 1z5.600

{ Stainless steal ) ¢ 683 | 260| 54| 05 o6 | o2 030

ss A 120 42 -] [¢) o) ! 172

Low pressure exhcust pipes (316L) 8 24.000| 8400 1800 [} o 200 | 34.400
[ 699 24.3 5.2 ) o 06| 1004

Welded joint between cover plate of opening A 25 L 4 2 0 2 30
ond inner huil plote in engine room HT B 10000 | 4400, 1.600 o 0 ©| 16.000;
c 62.5 215 10.0 [o] o) o} 1000

‘elded joint between er plote of nin, A 22 13 z 9 9 9 42
::.,d ime’, hoti ‘plafee f:vmofpof m:m opening | ¢ 8 8.800| 5200 | 2800 o [¢] o| 18800
) c 524 310 16.6 o] [) ol 1000
Welded joint between cover plate of opening A 21 1 ¢ [ ol 0 23
ond inner hull plate in for aond offer HT 8 8400 400 400 o (¢] ol 9200
battery rooms . c Si4 43 43 <] [¢] o] 1000
- A 15 6 | o o o 22
‘;v:;de:me’fm:‘ul?ﬁ:;zsw" escope. frunk HT 8 3750 | 1500 250 0 o 0] §500
[ 68.1 272 47 0 [¢] 0| 1000

Weided joint in cover piates of openings A 124 o8 54 s 4 ! 365
in pressure  bulkhead HT B 48500 26500 | 13.500| 1500| 1000 250] 91250
[+ 532] 290 .8 1.6 11 03} 100.0

. ) HT A 92 73 50 1 | | 218

:ﬂ;’:f . é:m:b ;:e cover plafes of openings 8 B 23600 19000 | i2800| 260} 250| =250| se.s0
MS C 41.9 338 228 )] 05 [o1-] 1000

Other welded joint in fank HT A 429 373 231 35 24 23 LIS
through pisces and supporflr;g ploces a8 B 966101 8&790 | 56900 8750 | 5850! 5700 |260600]
N MSs c 371 333 218 34 22 22| oo
A 3165 1151 482 72 50 47 4967
Total 8 9546501 297.780] 119.920| 17.450] 11.100 t4.84o_iu_y_5_ug_4

c 639| 234 92 16 [Xe) 09] 1000

A Number of films. B Totel welding length (m) C: Percent to fctol welding length (%)

6-9 FEBO X BREESR
BRLET ORBT Ry SRV I7REERCTRCKERREYERE T, Fobnbb REEFDIZLA
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Table 9 Results of measuring circularity of inner hull structure in “Oyashio”
(measured after completing welding of butt joints in inner hull plates).

location of wat | F2 th 1F7 F71/2l F10 Fla‘ 15 %*“15 F17 | F19 [ F22 I‘;wal F2s | Fas | Fan ! F33 %“‘331/2 F 36
lel| max. | 2-7! 1~5i 23| 35] 23] 2.5 2-3{ 25] 35| 35] 32| 45! 31 24 25| 3.0] 38| 31
e2 max ? 15| 1:5] 20| 35 Lff_ 2.5 | 25i 20| 27 z-ei 2.5 2}__2 07}7 27 25! 20| 30 22
e3 max. | 12|-02 —0-6] 08 0:6,-0-1 ~1.1] 0.1“ 10| 18] 180 16 16 19 1~21 17 15| 21

location of 1 F39 lf“l/J‘ Fi2 | F45 ! Fa7 | F49 B | F52 | F55 | F57 lF}ﬁ‘/z F6l | Fé4 Fsavgl F67 | F70 | F13 | F76
lel} max. | 3.4 39| 27| 18] 190 200 25| 19] 21] 18] 16] 28 29| 25| 22| 26| 22| 30

 ezmax. | 25| 27| 25| 2.0 2.0/ 18] 25| 33| 18| 18| 15| 20 25| 15| 15| 20| 1.5| 2.8
e3 max. 24 zei 17| 28 o&{ifi} 15| 22| 26| 23| 26| 21 11| 05| 08| 04| 09| 1.2

location of ‘F76,/2’ F78 | F82 |[F 82V “;21/2! F85 ’ F88 | F91 Fgll/zi F o4 F941/2 F97| F99 FlOZEFlOS{Bs,hF108F111F113
le 1} max. tw3~7 20| 34| 33| 37] 20| 23] 24| 20 20| 25/2023] 22 35 3025|1517
e2 m;x,-,_,_i 2.5 1-8 2~0’ 300 3.0 zof 23| 2:0| 20| 25} 2-5,75-‘7‘3' 234_27)*376'_1?[75_"1—{

e3 max. | 10 19 ~02| 12| 18] 21‘ 13| 04| 13] 2. 20| 0-8]10]1-8/-003-1-3-3-3 0.1} 05| 10

Note (1) Measuring standard (National Defense Agency)
The values of e1, e2, and e3 representing circularity
of inner hull cylinder should not exceed 1/2 of plate
thickness.

el: deviation of each point from mean circle.*

e 2: difference between lengths from each point to center
of mean circle and radius of mean circle within
one half lobe length.**

e 3 : difference between radius of mean circle and radius
of designed circle.

* Mean circle is defined as the circle which is equal
to practical shape of inner hull cylinder in area and
has the least deviation from its circle.

** One half lobe length (L) is defined by the following
formula. L=%]2D¢

I=length of space in which plate are not supported
with frames

D=planned i.d.of inner hull cylinder

t=tihckness of inner hull plate

LENGTH OF THIS PORTION OF
CIRCLE 18 SELOW

YiFot

DESIGNED CIRCLE
MEAN CIRCLE

L LEBREBRC OV TXBBEEN T b, JIS-3 LU EREGHKE Xk,

XA BT ERTOFAY, ARROMET LFAREFOLE, WEOHME V=7 OBEFLKR, TOMATHE
widt, =AYy ~—7" - PV IR EERETHMOEASEFLEMTH D,

BE 17 4 VADOBER 5000 1, ONBERIIK 1,400M iKE Lz, ChbDOXBEREOKKII—E
FIC LT Table 8 KiRTEH N THBA, LBOCKTIENLHED 64%, 28 23%, 3BL Lix4&fEo
96.5% L\ XD TEFBLUEFELRID TV D, FRBBETAHRBIENTI» DOFEC L Ean b,
OB LW Y ER LBEFEROB N LML, Kl bhbREThHAS,

6-10 ARHBROBMAETRRER

HER OSSR L OEREC KT 2 EMEOF B #T X b i RE B E IR FOMBT O W TEES
FOHLEREY S VCTERS Iz,

PRI E LTk Fig. 31 WiRT X5k = v
RARBEBACOR, BETALNRS 2 v
SRAD IO NBRBNCEER LTV B EHG LA L
FOXDOBESLIL OERDOTHTH IO
_ HEAAC—HTEZ, Ko BEKEoMMA
Fig.31 Measuring circularity of inner hull cylinder HESHLE L CHBERO LIER I h s HAA

by using special measuring apparatus. o Twb, EMEOGAEEEIT Table 9
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Table 9 1 THE SN TN TOREA
DEMEY NRREEGEFOLBENT
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Table 10 Examples of results of measuring hull

circularity.
Measuring  point

Weasuring face

g8 ¢ .
e d DT, RO TRITBET CTHREL T i%?%m
VB EMEOHIEERE LR LT\ 5, 4__( :’3,'.2.,:,’“&""2““»)
HERBEOERE A TEbNb LD D L ner
HPEECEZINTWS el,e2,e3 .

DEPBREFIC R B RAEZ TR
BARMEDOK 50% LATOELXRLTED
SRR TABEOEMEILZ b TE
FThHOok T Ehibd b,

D> Table 10 (L& FER D HHBALE
~, ILRBBHEE~LTENEDRD
NTEEDOLLAARS vy 2 DEMEMN
WHARETEhEERLRC LA O
Thb, ZOBEHELLTNI-1 7w
v ZO0EMEOCE(LE Lokl =
v 72 KB Bi-E @y o0k
A bbb, CORYHThhrdZ LIiTE
T RIERIA® ORI TF O KRR
TIREMAER2R DBV, OoREF
BEKTHTE, EAEZSRLL Y
DY RERBEEIOEINNE L TeD
TEFE LTBHERT LI CR D, &
PRI DRI & S EEF RO

Measuring  time

n
oce iy

Devidion,from desined WLarger fhan designed id

inside dia. -Smaller than designed i
TR0 @ @ ® 0 © @

“>~MMEJM

i

After completing tack welding of
longitudina!  joint of unit
cylinder

A

50 52 52 $7 53 715 20 45

4

03 25 40 60 IS 1.7 55 48

A B8C

I Measwring _face
After completing welding of
' lohgitudinal joint of unit cylinder
[

Weided with submerged-arc
welding method

A

30 2020 70 75 85 35 25

0 S5 07 35 1S 95015023

40 40 40 35 95 U5 O o |

A8, Measuring _face

N After completing welding
u. of frames
Lk Fillet welding of frames fo

inner hull plate.

30 20 20 22 20 20 15 22|

23 05 20 32 35 20 20 26|

30°35 30 30 40 20 20 20|

A8 Measuring_face
\“l 3 . '
After completing submerged-arc
14 ‘ welding of circumferentiol joint
\Y, ;h'l of cylinder assembly in shop
Welded with submerged weiding
method ig shop

46 05 10 10030 0 20 05|

Marually welded on berth

$4 37 10 ©20938002 10 4.}

BEBEOR D MHTWBIeDEEL BRE,

DECRERPOTHE L NBROREBENT T LICRETIE, 242 AE WARREIRERK X<
O Tw%, LOLBIERARIVC LAESBEOMIIZE ALERRVE WS Z XX, BELOBABRET
L BB D BB BT B ITAR L 1T 510D Y v - F— 8 —RERIEFCHREN SO LERLT
Who

DECHERY OEMEOMEEBEEYET LRETE, BERORBNAMAEE L b TEM
BRSO BELTOAR, 20BIALEC Lidhv, DOBRBCRIT3PAEFEERTROMEACKE
FAEMER, @OFBELENTEEALEDTWEV, o0 L XBEBBRERCAWCA Y v« Xy 228
2L D BT DEEZ T IS5,

611 2 @ #

WBEEDOBRECEE LTk o D fiT ko trouble CEETE 0 & UTUITRNEREE L WK & OBREGHE
Oy FICRB Dy VOREERBIT bb, Zhbov Vil bIme B Shicn® b+ AECIX
FOBEFORNCY DT, BEFUEOALOLDRELE LALTEBABRENLCRAINTEY, PRITHE
ERFECREVCRIDEABEAFOL I I ARFEELLOTHSR, MEOEETL RN BEELAL
BARBETCIIL20, WhWBHENRY VORE IR, BREOGBEROIME L >TEL, vwhiE
AWS @ Tee Bend Test i3 By VIl d DL E L b, 7 VORER, LR EDIAEBED
FEHE LT LhUBRO R CHGE OB e U T ERTI RN T bh iR, FOREBEN BROL B DY
DTHDZ LwHED, THRUROP LKL LTIRE L ARIROMAZEFI, AL HE LBEERORER LS
ERLRDONETFA VL —EEFET LW UBERH LR LTS, FORZOBO 7 VOREIIL AbI
72 x>,
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17 » & H 2

LLEEES 1 EBAE “BSOLE OBRETEROVWTEOEBYDRTELDOTHER, ERER DML E
JA L 2BEREDIL LD TOEKEY A X7 trouble 378  IMBISER CTE foZ L XEEREEB Y Olcbih
bhOBTHEB LN LD D, bhbhRE OB TEHEOREE L i olET2PL L THREMERZRSOMNE
BOBRTHDLELBNETHS ),

Tiebhb, SEORKEBORECEBREFROLS DL LT, BB 32 EHHEFORTC L ) RMEHE
PAEKEE, BRERRT, SEMPT, BRSO CHEB LU TEKESE IR TAEREZRSL | O KRR EEHOKREN
iz TEKESEDMIEEE (R)), SLRBBFOREEY S T BEABERSN, KVRR, &R, 8
ST, BEEA-I—~RIVEBRLE TATVVARTHAERERAS | OFEROKRLLTO [AT VIV AHT
VEREE | L YR BTHORBH, “BRLE” OFEBETIZTRTo DO TIEREC > TRECfTubhicD
“THOT, BKE “BSPL¥” ORAEX, £HKF, PR, HH B BFEEEROHORELBRPEC X
BHUROFREI V2 L5,
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