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Characteristics of High Strength Steel Plates and Forgings for Pressure Vessels Served
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Synopsis :

Three types of steel plate and forgings for pressure vessels use at intermediate and
moderate temperatures have been newly manufactured at Mizushima Works: a 150mm
thick plate with yield strength (Y.S.) over 25 kgf/mm**2 (PMS 25), 150mm and 300mm
thick forgings with Y.S. over 25 kgf/mm**2 (PMSF 25), and 150mm and 300mm thick
forgings with Y.S. over 35 kgf/mm**2 (PMSF 35), all serviceable at 350°C. PMS 25
whose chemical composition is mainly of C, Mn, Mo and V, containing small amounts of
Cu, Ni and Nb, is normalized and tempered for heat treatment. On the other hand,
PMSF25 and PMSF 35 have mainly C, Mn, Cr, Mo and V, with composition controlled
according to a given grade specification. These are quenched and tempered for heat
treatment. Test results show that all these materials shown above have superior
strength, toughness, and weldability, especially at 350°C, and meet requirements

specified by Japan Welding Society.
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Three types of steel plate and forgings for pressure vessels use at intermediate and moderate temperatures

have been newly manufactured at Mizushima Works: a 150mm thick plate with yield strength (Y. 8.) over 25 kgt/
mm? (PMS 25), 150mm and 300mm thick forgings with Y. 5. over 25 kgi/mm? (PMSF 25), and 150mm and 300mm
thick lorgings with Y. S. over 35 kgf/mm? (PMSF 36), all serviceable at 350°C.

PMS 25 whose chemical composition is mainly of C, Mn, Mo and V, containing small amounts of Cu, Niand .
Nh, is normalized and tempered for heat treatment. On the other hand, PMSF 25 and PMSF 35 have mainly C,
Mn, Cr, Mo and V, with composition controlled according to a given grade specificatien. These are quenched

and tempered for heat treatment.

Test results show that all these materials shown above have superior strength, toughness, and weldability,

especially at 350°C, and meet requirements gpecified by lapan Welding Society.
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Table 1 Regquirements of chemical composition and mechanical properties for PMS 25 steel

, Charpy impact
Chemical composition*iwt.%) Tensile properties .
Thick properties
114
Steel aess Room temp. 350°C Absorbed energy
imm!
C |l sif[M | P | S5 1C M| V| N |G| vs. | TS |E.| Y8 | aatC
(kgf/mm?) | (kgf/mm?) | (%) | (kgf/mm?) (kgf-m}
015 (080 Av. 232
1550 | <020 <0.035| £0.035| 5035 | 20.35] 010 | £0.051 053] =238 52~66 | =216 =225
~0.60 | ~1.60 Min.22.6
ER<tETh " " " f " " " ’ " " 23 " 220 " 4
151100 " [ W 3 [ " " Ll " <060 " " [ n "
PMS25 .
100< =125 " L] " n " # H " " 215 51~65 n 2 "
125< =150 n H N " N Il " " [ " =3 5064 ] =223 1
1
*»  Ni,Cr, ete. may be also added singly on in combination to steel, if necessary
o e, Si Mn Ni Cr Mo V_,
Ceqfc+24+ s Tw 5T 4 Tha (%)
Table 2 Chemical campesition of PMS 25 steel {wt. %}
. Sampling . .
Steel | Thickness C Si Mn P 5 Cu Ni Cr Mo \' Nb Ceq
{mm} position
Heat analysis 017 042 148 0004 | 0004 017 0.18 012 | 0148 | 0040 | 0030 0.50
Top
PMS25| Product % 0.17 042 148 | 0003 | 0003 | 018 18 012 | 014 0041 | 0034 | 030
it
Bott
1=150mm °1/ M\ 016 | 04l | 146 | Q003 | 0003 | 017 | 018 | @12 | 013 | 0040 | 0028 | 048
41

_.Si M Ni Cr Mo V ,
C.Q—C+24+ 6 a0t s e +M(/a)
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Table 3 Requirements of chemical composition and mechanical properties for PMSF 25 and 35 steels

[ Charpy i
i Ch t
Chemical compositien®: wt.“s Chemical Tensile properties arpy'lmp“
Thick properties
Steel -ness I l Room temp, 3B0°C | Absorbed energy
C Si | Mo B S Cu Mo v Nbo[CS v, T.S. El. y.5, |a 0C
; |
mm kgfrmm? . | kgf-mm® | % | kgt mm®: kel m.
915 {080 . : Av. 212
1=100) =0.20 _ 1200301 0,030 £0.35| 030 20101 2003 | 20.60 236 5267 z20) - 22 .
PMSF ~0.50| ~130 Min. 22.6
55 |100<1S150) " " " " " i " " " =M ! S~85 | v 'Ig':‘]?:a ig i
150< =300 " " " " " " " " [ <063 [ y " = ‘ "
) 0.80
t=100f # " " 1o e050] v | %062 z44 60~75 | 218 235 "
PMSF -1
5 |100<esIs0) # " " 0 " " u " " " 242 5873 | ]1:271:; Z;; 0
150< 1 =300 " " ] " " " " " " =065 " It " =32 "
+  Ni,Cr,ete, may be also added singly on in combination to steel,if necessary
o Si Mn Ni Cr Me V
Co=Crg et 5" % T1s ™
Table 4 Chemical compositien of PMSF 25 and 35 steels {wt. o)
Steel | Thickness | >2™"8 | ¢ 1 &i | Ma | P | s [ Co | N | Co| Mo | V[ Ny |G
{mm) position
Heat analysis 015 .23 123 0005 | 0004 0.02 035 0.22 014 0036 | <0001 045
Top
Product e 0.14 0.24 1.21 0005 | D04 002 .35 022 013 0036 | <0001 044
i
PMSF
Battom
t=150 w 013 023 119 | 6005 | 0004 | 002 034 022 413 | 0036 | <0001 043
25 2t .,
TO]J -
Product v, 014 0.24 123 0006 | 0004 0402 035 022 014 0037 | <0001 045
i
Bottem
1==300 ) 014 0.24 123 00067 | 0004 002 035 022 014 | 0037 |<0001| 045
L
Heat analysis 0.16 041 1.58 0005 | 8.004 002 477 012 038 n025 | <0001 057
) Top
Product - 0.14 042 154 | 0007 | 0004 0.02 077 0.12 037 0025 | <0.001| 065
sal
PMSF
Bottom )
1=150 N 014 041 151 0006 | 0.004 {02 076 012 036 | 0025 [<0.001| 054
35 1
Top
Product ) 0.16 043 158 | 0006 0004 | 002 079 0.12 038 | 0025 [<0001| 058
4
Bottom
t:-300 Ny 0.16 0.44 1.58 0.006 | 0.004 002 180 012 038 0026 | <<0.001| 058
g
o S Ma NI Cr Mo V.
ComClal 8 0" 5 74 'Y

744,
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BhAREL, PWHT (600°C x9h i) &l
rrigdTEE (R=151 1807 *4T-7:, 3
B L RETHY, +ah gL nL 7
(3) Viwnb—ikk

HEAE R A Table 6 (273, N+PWHT &L
NToFzoonwthizontd, drvwthaok
R T S i R 5 R e &0
LTvd,
(4) &Lk

HIF 1/4 835 0 AL H R EALD 3 HuAERH #
AL, B SR Tt - Tl
if-tz, WBHEP 4 Table Ti273% £ 434, N
DT iREIZ— 15°C Th -7,
(5) 3 .0HTAE

AR A A &L, PWHT (600
CXOh ) ML 704 Fig. 2 123 ARz L
L7z, 95997 52413 AK=64kef- /' mm/mm?® ( Pnay=
2 350kgf, Pmin=200kgf) D&M TIHAL 22, HEE
UAMEE Kie (T ASTME399 (2 #-55, o B,
W—az25 {Ko/ov)? DLt 2845, Ko
s K it A% 72, 22Ta B WITFHF

(2) diraE LERES, ABREX RBERETHL, FE
B sEihes L UIRED L VITAE FES E AR
Tahie 5 Tensile properties at room temperature (PMS 25)
l Through-
Heat treatment Position thickness Direction Y.S. T.S. EL R.A. Y.R.
iecation (kgf/mm?} (kgf/mm?) (%) (%) (%)
I 443 60.1 28 72 74
’ 434 501 27 69 72
Top 1/4 -
. 415 602 29 69 70
N+PWHT C
413 59.7 26 67 69
415 59.3 30 70 70
(600°C X 9KF_C.) L _

420 59.3 27 66 71

Bottom 1/4
c 433 60.1 26 69 72
433 598 25 68 72
L 448 59.5 28 70 75
440 595 28 7l 74

Top 1/4
c ! 425 578 27 73 74
’ 438 936 26 66 75

N-T

L 443 593 29 75 70
440 592 28 74 It

Bottom 1/4
c 44.0 584 26 71 75
44.2 58.6 26 70 75

45 -
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Through- . .
ﬁ’i::;m ent | thickness Direction Symbol
L Jocation
N+PWHT| ¢
g00'C xony I S
45

S. (kgf/mm?)

Y.

T.S. (kgf/mm?)

50

R.T. 100 200 300 400
Test temperature {C)

Fig.1 Tensile properties at elevated
temperatures (PMS 25)

EERBRL 2 BAIC I I L FAT 55
B £ Kie 2Rz, Keon i Ke DREK
T+ Fig.3 12 R¥, B% COD K & I3, BoAR
w7 7T EOEM, S Wells I
EEGTEEL . Koy bt & DIEREY
% Fig 4 loRY, & 13 0°C iz 8T 0.80mm, F
72 8:=0.2mm k7% BRI —33C THY, v
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Table § V Charpy impact properties (PMS 25}

Heat Through- vEy (vTre|vTrs
treat Position [thickness [Direction
-ment location ikgfm)| (°C1 | (°C)
L 140 | —18| —18
1/4
t=150mm| Top C 135 | —24| —23
N+
PWHT 1/2 ) 136 - -
{600°C % Gh)
L 121 | —14 | -1
Bottom 1/4
c 143 | —~i5( —16
L 120 | —18| —19
1/4
Top C 159 | —21| —22
t=150mm
1/2 C 16.0 - -
N-T
L 167 | —22| —28
Bottom 1/4
C 155 | —23] —30

Table 7 Results of drop-weight tests (PM3 25}

Direction Test temperature Results of test Foxou
c) {C)
—10 o O O
L —15 o ® 0 —-15
—20 e O @
—10 C O Q
c —15 (ORI | ] —15
—20 e @ O

) Not broken
® Broken
(» Half broken

BB TL 7274, =74 P BIUNA
T4 L ORAMBERL T 5,

32 b &L AR{EAE

G.E. Ul LA & 4T - 7o o v L —
RS A EL 72, RERMR % Table 8 (277,
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Fig.3 Temperature dependence of Ki.
value (PMS 25)
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(2) T ARRRER
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05
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Table 8 V Charpy impact properties before and after step cooling {PMS 25)

. vEo vTre vTrs A Tri MNTrs
Heat treatment PWHT Step cooling ) . a . .
{kgf-m {C) (¢ (C) ch
Before 5.C. 135 -3 —-23
Normalizing 600°C X 9k frees = 15 12
After S.C. 126 —§ - 11
Normalizing Before S.C. 159 —21 —22
and 16 14
tempering After S.C. 116 -5 —8

Table 9 V Charpy impact properties after PWHT

(PMS 25)

Heat Through- vEo | vTre (v Trs
. Dire
PWHT Ithickness )
-ction . .
treatment location tkgf-m}| (°C) | (°C)
[
570°C X 9h 1/4 C 132 | —16| —18
Normalizing | 660°C X 9h 1/4 C 135 | —24|—23
630°C X9h 1/4 C 161 —3|-27
Normalizing - 1/4 C 159 | —21 | —-22
and

tempering |[600°C X 9h 1/4 C 143 | —18 | --18

Table 10 V Charpy impact properties after
strain-aging treatments (PMS 25)

vEn | vTer [¢Trs

PWHT | e [0 | e

Strain aging

600°Cx5h| 135 | —-24)|—23

Normalizing] Sirain 5%

600°C>x9% 104 | —11|— 8
} 250°C X 1h aging

- - 159 | —2t|—22

Normalizing| Strain 5%
and + 250°C X 1h aging
tempering

15 [—16|—14

Strain 5%

600°C>x9h| 146 | —1%| —15
+250°C X 1h aging

(3) AN T o0 IR L SR AL S 1 B MRTE L

2 O L TRA L D Q) L A2 & 4 850°C~ 900
CoREEIZIBIERE (RERUR T 2h) L7218,
BO0~400°C N EHREHEE A 6°C/min DEHET
TEH L FNHEPWHT £7203%% 5 L + PWHT
MR AT THEAIEERA L 2, #aiRn—
f]% Table 11 |2t 7 o L KL 40038,
MBI FRIZE L5, DAIIENT RS,
B o Lin X NMATILEI O L~z mi{E T 4,

Table 11 V Charpy impact properties after heat
treatment corresponding hot forming

(PMS 25)
PWHT
Heat treatment vEo vTre | v Trs
corresponding | Nor PWHT
hot forming -malizing (kgf/mm?] | ("CH{{"C)
- 600°C x 9h 138 —11|—18
B50°C X 2h B
880°C X 2h |600°C X 9h 142 —18| —20
— 600°C x Oh 956 -2 5
900°C % 2h
880°C % 2h |600°C % 9h 115 0 4
- 600°C X 9h 83 14 15
950°C X 2h —
880°C X 2h | 600°C X 8h 133 —13; - 14
¥ OBEN

(1) #en Y B RH LS

JIS Z 3158 (= §it» Thted Y Bl LR
2Tz, ABMAE Fig.h (271, — Filiin
BLINHLSIE 125°C TH Y, ZOREOEM & L T
Porilo Rt 40t Ty b,
(2) FAEURER

EHIEHO PWHT oS 22 L0123 %
726 Fig. 6 12 T BESE THAINLRBR 21T - 72,
PTAMFME—F30 22z TLRLE e <
REL btz
(3) #EFrEmeRE

T2 T — 7 EENT A EL, SR
BEWL 2, B4R % Table 121205, # F5)
oalER, HETEET AR R 4 Table 13, V &
v LB BB £ Table 14 127357, ¥kl f,
I8 Lo el T R L B b TER L 22,
TNTRYTHS T,
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Table 14 V Charpy impact properties at 0°C

of welded joints (PMS 25}

Testing vEo® vTre vTrs
Heat treatment , - o
position (kgf-m), {TC) 1Ci
As welded 182 kY -3

w.M - — —
B0 9k PLC. 173 -2z 26

As welded 195 -45 —46

Bond - — — —

BO0°C %9k F.C. 194 —30 49

As welded 233 - 80 - 79
HAZ : : —
600°C X 9h F.C. | 189 -58 -5

*

4. &S DIERE

41

411

B

AERER

Average value of three specimens

G O SIS Y, Bl 2.25MHz , iR
E Vis—zs=80% +6dB |- TRESTMEY {772
R OERWRTH-1, FoelE-e s ol

Table 12 Welding condition {PMS 25)

Groove design

Welding condition

45" Preheating Preheating and Welding rod Diameter
\’ﬁhﬁ temperature interpass temp. wire and flux of wire
(Cy LC) {mm)
/o8 ||} — = : :
Wire KW101B
| = 150 150-~200 . 48
o =) = 2 Flux KB8OC
sk 5 Welding current Arc voltage Welding speed Heat input
(A (V) {em/min) {kd/em)
i3 - |
T30 650 32 28 445
Table 12 Tensile properties of welded joints (PMS 25)
Room temperature 350°C
Heat treatment ¥.5. TS, EL R.A. Y.5. T.S. EL R.A.
Chef/mm?) | (kgf/mm?®) | {%} (%) | lkgl/mm?) | (kgf/mm?®) ] (55} (%)
46 9 62.2 18 69
As welded 5.8 63.9 26 71
45.3 62.8 19 65
41.6 57.8 18 73
600°C x9h F.C. 55.2 64.3 28 74 !
41.9 57.7 18 74
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Table 15(2777 , &RBUEEIZ L 258 E0E
{t.# Fig.7, Fig.8 12757, 150mm#4, 300mm
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Havd iz o0t h, s HoEd 2 Eir
R RLTwA, L, CHIMELNX L,
(2P 300mm £ T, B OETE G,
(3) NRL HiaR

NRL 7% B &5 4 Table 17 12557, PMSF
25, 15 160mm #4 NDT i3 —35~ —40°C, A
I 300mm #4i3 —30~—35C TH 5. %7 PMSF
35, AEL150mm #4Ci3 —25-~—30°C, A 300
mm M Tt —10~—15°C TH 72, Wiy, &
W R R IELRREIL T CHLT B,

(4) 3 sHEIYEER

Kie i IWKHFE%* Fig.9 (27, /2 8c Mg
FEfR % Fig. 10 iz 7379, PMSF 25, HIE150
mm #1732 0°C T 8cil1.303mm, 300mm £Ti3
2lmm LA LTHL, 72 8c=02mm > 7 5L,
CFH AL —80C AT Th -7, —F PMS
F 35, 150mm M2 0°Ciz0+ % 8t 1.026mm,
300mm ¥ Tt 0.456mm Th -7z, F7/2 8c=0.2
mm O Ea ~60°C, —33°C TH), wThL
TR E SRS R AL T B,
{5) ForFBdiEAL

L& G A% Photo.2 (2173, PMSF 350574,
WIEHL FE T—F 1 M TH 555, PMSF 25
i, N=FA b7 PBE—S 1 b4
DR L Ty B,

42 BERBAIE (PWHT) X 3HEEL

BB LU AL LIETPWHT o 2% %
Table 18 1273%, PWHT iz L 22biz & <,
PWHT #2550 T LB &0 ¥ & s,
CAMEZEAL T3,

Table 15 Tensile properties at room temperature {PMSF 25, 35)

Through- Y5 T.5. EL |RA. | YR
Steel Thickness Position PWHT thickness Direction
location (kgf/mm®} | tkgf/mm?) | (%3 1200 (40}
T A QT » . 427 567 12 74 75
. O
o L1 555 30 75 74
150mm a S D
Bott As QT ” N 176 523 12 75 72
e s 409 546 w | oo
PMSF 25 -
. Ae QT e . 181 535 30 73 71
r Y a7 527 30 74 72
300mm
- A QT » . 395 549 EN) 74 73
l -
ortem s 400 542 w | 75 74
T Ae QT » L 528 65.2 25 75 81
op 5 : 526 654 2 | 72 | 80
150mm
- A QT » . 525 642 25 73 82
ortom 5 ' 505 634 25 75 80
PMSF 35 ———t e
T as QT » L 503 644 23 71 78
o 5 ! 51.2 649 2 | 72 | T8
30mm ——-
o e QT ‘ . 528 660 2 71 50
ottom s Q@ 14 527 862 25 | 70 | 80
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100

Direction : L

Location I Yt

90 r (Open . ?tlSDmm)
Solid : t=300mm

80k R.A, /;o-—o

g.—_—;_—:r:_} za

70

60

A
50 b -.‘_“ —

40 T

30 o El

20

Yield and tensile strengths [kgf/mm®), Elongation, Reduction of area 1)
I
’
»
1
1
»
1
!
»
\
1

0r

0 L L L L L L
R.T. 100 200 360 404 500

Test temperature ['C)

Fig.7 Tensile properties at elevated
temperature (PMSF 25)
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(1) #hh o BT R AL R

Fhe Y BRI A B LB L B BRI ER D
LRk sy T BBIENL, PMSF 250354,
150mm #f 300mm # * § 100°C ThH -7z, PMSF

35 T, 150mm #TiZ 175°C 300mm #4 Ti3 150
CTTh), RELES CATLHHEHCIT B

Wil b,
{2) HEEILAER

PMSF 25, PMSF 35 & 4, Iy — F# 30~
7, PWHT B 600°C TidhILZBTEENT,H
o FUBE LS v
(3) HEFrEREHER

WHMEE KW 101 B 3L P KB 120 %My, A%
& 60~70kJ/cm, T8 <2 ElIRLHEE 130~150°C D&
(TSR Y L IRBIET T SRR TR WL
72, 300mm M O FiEHEE0—F % Table 19
DT, METRSIERE, MESRSRABERE

100
Direction | L.
l.ocation @ 1/4t
90 fOpen . r=150mm)
\Solid :¢=300mm
8 .
Ry o
o /2.‘7
70 _20/0'_'?‘—2—.——‘8
2 T.5. Q/“A\—-_ﬁ
60 | Mep

&>
50 _."‘\_i Y.S.

Yield and temsile strengths (kgf/mm?), Elongation, Reduction of area (%)

Cm
—
™3
40 -
30
G El %
-—
20 Lt D._“g"—nl—ul_:.x/ =
10
0 . 1 | . .
R.T. 100 200 300 400 500

Test temperature (C)

Fig.8 Tensile properties at elevated
temperature (PMSF 35)

Table 20, 21 {2575%, V i o b & —id BT
# Table 22, 23 (c7vT, By, BT L L UH

HH P s & b b TEM L 728, TN THRAT
Hatz,
5 & 8

EEM L L CTHOBE TR THIEL 28K
(PMS 25, fH/E 150mm) 45 & U8#ks (PMSF
25 /E 150mm, 300mm, PMSF 35 AE150mm,
300mm) 120w THE2 FEMERER & i L 7285 HLL
Tz EAHLE
(1) PMS 25

(a) Hinp L UBEBESREBERIIRETH

F~THEEIC T WES 3005 PMS 25 L%

EE TRl Tva, 22MTRELRET

& f:c,

h) Vixent—iELB 2N TE,

O oW T LBy iR L Ty b

{e) EEREIZLDNDTIEEIT -15C wm

fro T2 3 HMRIFREICHITS &I30CIZE

iz,

W
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Table 16 V Charpy impact properties (PMSF 25, 35

E Through- vTre vEsh ‘ vEo®
Steel Thickness Position PWHT thickness Direction :
location ' (R 1P ‘ Tkgf-m tkgfrmi
] ]
| L —-53 . - ! 26.4
Top As Q-T 1:4
C a3 - ! - 175
150mm
L - 46 —47 292 292
Bottom As QT 1/4 - i —
C 35 --50 19.7 : 158
PMSF 25 S
L —-35 62 226 232
Top As Q-T 174
C —37 —43 212 161
300mm e - —
L —39 —44 232 240
Bottom As Q-T 1/4
C =31 -35 210 189
E —20 —35 254 254
Tap As QT 1/4 |
C -18 | —-25 177 146
150mm 1
L —a1 | -0 231 200
Bottem As Q-T 1/4
C 11 —15 190 124
PMSF 25
L ] —15 207 9.1
Top As Q-T 1/4 —
C + 9 0 197 116
300mm = -
L - 4 - 15 214 112
Bottom As Q-T 1/4
C 1 - 15 183 128

» Average value of three specimens

Table 17 Results of drop weight tests (PMSF 25, PMSF 35}

Through- Test temperature {°C) Twwr
Steel Thickness | Position | thickness | Direction ——— "*"T* - —l — -
“Jacation -5 —-10 —15 | —20 25 -30 35 —40 (TY
Top 1/4 L SHOIESROIRON | -35
1= 150mm
Bottom 144 L OO0 e e —40
PMSF 25 -
Tep 1/4 L RGN MEON —30
t=3mm |-
Bottom 1/4 L SESARGNOIE N | 35
Top 1/4 L i . —25
+=150mm 1 - i
Bottom 1/4 L SEWIN N AN N -30
PMSF 35 |- N
Top 1/4 L SEOEESN N 10
1= 300mm ¢ - -
Bottom 1/4 L SEOREE BN .i =15
i.> Not broken
® Broken
"B Half broken
W 0.8mm, 77 §c=0.2mm X % LI, — i E o H LB (4 TreT15°C, drsTrs
=3FC THY, T CHFGPEE AU EE L T12C TH -1z,
MEaml Tvwb, {e) MMkl & LT, PWHT 2L &M H KL,

(d} G.E BlohMwo bR v AN EE, BRI TR R L B AL B
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Kie (kgf-/ mm/mm?*)

1100
.K
1000
. 5
A - 0
900 8
800 | FY
.
700
A
600 |-
A
500 |- o S
o
400 | 2 * K, converted
/ e from J".
and o]
/: Thickness Symbol
. !
200 - o [Steel L v
PMSF|150mm|— &
100 - 256 [300mm |~ &=~
PMSF|150mm]| —C—
35 |300mm|—®—
| 1 I | 1] |

0
~100 --80 60 40 -2 0 +20

Temperature {'C)

Fig.9 Temperature dependence of Ki valve
{PMSF 25, PMSF 35)

I EAMHET REFEAL 24, T L SR
FHamEl Tva,

() #ho Y Bl s S BRICE S 0 MR
IR 125°C Th -, FoERENERC
BT, DFAaIY— Fi30 ToEliEi 0
ThHHoT,

(g) W7 e—UF— 7iEBHFC OV TERS
OEIBE L UBIRICET B5E, MIFB LU
o MR, W LD R R R R
LTwa,

{2) PMSF 25, PMSF 35

(a) #iEE L UEISSIREABARIT, MHEs
4 300mm Bt~ T Oz T WES 3006,
PMSF 25, PMSF 35 O3 M5{E = 4 2 LT
Wh,

(b) V3wl —HERBCONTEH, BUBL
4R L T b, oREMEZAS N,

(¢} TEEZXERI- LA NDT EHd, PMSF25 T

Critical COD, 8¢ (mm)

30
Ao i
Ly
fa
10k
95 b
03 |
L * Steel [Thickness]S ymbol
WS o PMSF| 150mm | ~o—
25 300mm | -
PMSF| 150mm | —o—
315 300mm | —8—
00k
1 | | | ] 1

—100 —80 —60 —40 —20 0 +20 +40
Temperature (C)

Fig.10 Temperature dependence of COD valve
(PMSF 25, PMSF 35)

{4 —30~—40°C, PMSF 35 iz —10—-—30
CTh-o7z,
(d) 3 .&@hiFErIz 11t 5 o i PMSF 25300
mm # i, 0°CioHBwT2lmm LETH -T2,
—75 PMSF35 300mm #4{3 0.456mm TH - 72,
%77 8c=0.2mm & % Ai2)EE, &7 —80°C K
F, —33CTHhot2, I HOMEL T Nk
W E BEIEE ST LTy S,
o) &k Y BISEHRENRRBRIC LHRELNHE
(HiEEE3, PMSF 25 #f (300mm £1) Tl 100
°C, PMSF 3544 (300mm #1) i3 150°C TH
H1z, EoESEIABTIE, EEEE LR
IO TH-T,
(f) SkPiegeatir s LC, s LRFERY
Te— UERBTLREL, FERABREEMRL
TERSTHLLREAREETL Ty b,
Pz ER L 22 L9, PMS 25 #iE 150mm
# (L3RR KHY 25), PMSEF 25 &1 50mm,
300mm #F (¥4 KHYF 25)3 £ 0F PMSF 35,
M 150mm, 300mm #f (&% HHE KHYF 35) &
MAEIT, DABERSOWEIEEERESICEY
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Table 20 Tensile properties of welded joints (PMSF 25)

Thickness PWHT Location | Test temp, Y.S. T.S. EL R.A. Y.R.
1'CH ikgf/mm?) | ikgi/mm?) {2 i %) (%)

W.M. 606"
All RT. - - - -

thickness 60.7*
100 374 49.2 18 77 71
150 387 509 17 76 76
200 367 484 17 74 76

150mm E70°C % 3hF.C. Bond Y3
250 412 524 17 74 79
300 359 486 16 76 74
350 439 18 79 72
350

356 489 18 78 73
400 35.2 465 19 81 76

W.M. 633"
All R.T. - - _ _

thickness 630%*
160 369 507 16 72 73
150 433 544 16 15 80
200 364 493 16 70 74

300mm 570°C X45hF.C.| Bond 4/
250 380 505 16 12 75
300 39.2 514 16 74 76
373 508 16 78 73
350

410 529 16 79 78
400 3640 450 16 81 74

*

EL)

Average value of four specimens
Average value of eight specimens
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Table 21 Tensile properties of welded joints (PMSF 35)
Test temp | Y.5. T.S. EL R.A. Y.R.
Thickness PWHT Location
(o) tkgf/mm*1 | (kgf/mm?i 121 A 121
WM. 695"
All R.T. - - —
thickness 69.57
100 499 604 18 73 83
150 49,7 602 16 73 83
200 482 589 16 76 82
150mm :590°C>3h F.C.| Bond !t 250 494 59.2 16 69 83
300 501 610 1§ 73 B2
491 618 18 75 79
350
490 60.2 17 75 81
400 471 573 18 81 82
WM. 713"
Al R.T. — e _ _
thickness 708
100 524 6§15 16 71 83
150 50.7 61.5 16 71 g2
200 483 598 15 73 82
300mm | 590°C X 45hF.C.| Bond it 250 512 614 15 69 83
300 504 612 15 72 82
505 62.1 17 74 8t
350
503 624 17 74 81
400 478 587 17 78 81

¥

LY

Average value of four specimens
Average value of eight specimens



£
M~
-

I

LB o

3

i )2 S

wIH s

W

s
iVt

i s

No. 3

13

Vol.

anea aferaay ;

)

0 992 01 ¥61 Si ¥s1

0 (09z) 092 0L— 0 (50%) €22 S¥— Si (L¥1)  6%1 LE— 7957 % 0,009

0 €52 s £61 0 671 -

0 git 0 ¥5e 01 g1

0 (692) 592 19— 1}4 (958) EeC Ly 01 (9%1)  LET 8t — A4S F X D088

¢ £9¢ 0 62 S £91

0 05¢ 0 927 S 12!

0 (§9Z) 582 69— 0 (502) ETZ 9r— 0 (gst; 491 9E— DAY Y X 3005 wwoge

0 092 S gLl S g¥l

0 L9% S 981 18 521

0 (e9g) Llg 89— [ (z8l) LT SE— s (€€T) 18I 8¢ — 0 A457 X 0,085

0 09¢ 01 181 01 gl

0 gle ] 261 g VLl

0 (veg) 652 35— 0 (961) [z 8¢ — 0 (Lif) LT LE— PplR# SY

0 I8¢ g 6L1 0 6L1

¢ LTE S €02 g 5

L (£Lg)  ©ie £5— 0 (1vg) L8e 05— 0t (Leg) I S¥F— "' HEX D008

a2 £ve 01 (41 0g 208

§ ¥E 02 FEL S g1

¢ (€€g) 6%¢ 0¥ — 01 (¥e1)y IL 0E— 02 (191) €71 v — 074 4EX0.085

S 92¢ i 9 S (:18

q 0l 0 g9l £I A

0 (9g) §5% v — 0 (gs1y ISt £F— 5 (871) 991 88— 07 d HEXD.0LS urwggy

0 £52 0 671 o1 951

01 vl S el 9z ger

0g (9€1) ZEl 8E— g 09 T8I 05— 0z (T¥1} 691 gE— "0 9EX D095

SI 9l g [¥A 52 171

S ¥SI ¢ €81 0 giT

o1 (EPT}  T91 gE— & (891} 21 0r— 0 (vir) gLl 05— PapPIM SV

ST (41 01 (34! S 691

% (%) (g (2. (%) (w-p3y) (2) (%) {w-f2y) {2)
£NureIsiLy) oga sS4 f A A3uUn)[elsiE)y oA sifa Ajur[[e}siay) aFA S4T A 1EMd ssauyony |

(Iaquan) ZYH puogy [elsw plas

(52 ASWJ) stwol papiam jo senijzadoxd joedunt Adaeqy A ZZIMBL

59 —




1981

Nl W OB R

379

anjes adRIIAY | ]

0 5% | 0e 511 03 <11
0 (892) L¥e g— 5 (91} TSI e 08 (Z11) 60T ze— |04 45Px0.029
0 153 ¢ gl 0g g1l

— ¢ T T el | or I£1 o §51 B
0 T 0w a9 at g1y 7ol - o1 (¥S1)  ¥VI ge- |0 4GTxD.009
0 , 872 0z I's g g5t
a | G0z 0 931 0% €5 T
ot (LT8)  §02 99— 58 gz STl g8 5z (FI) £ g |"0°d 45T X D.068 urQg
g 582 ap T2 of gel
@ o1 ot Zo1 5l LET
0 (0727) €8 19— 01 R T 87— g (Up1) ¥SI 08 - |'D'd ugEx D088
0 82 0z L1t g g1
0 £0z 0 20z o1 g2l ]
g (£%7) 622 29— g (107} 681 i 0 (gety  aLl Gr— papas sy
0 L2 0 L0z g £l
0 52 0 7w | g 761 B
0 (£52) 652 ag-— 0 Y 6hl 8- o1 (g81) 08I gh— "0 YE% 0,089
0 I#7 0 Taf ¢ 76t

a 0 6EZ 0 90z 0z 151
0 (g¥2) 0% gL— 0 (VL) ¥DZ e a2 (gs)  7sl ge— 597 WE X 2,000
) 752 0 gLl of T
0 P 0z 0Ll 0f g1
0 (gezy €92 GR— a1 (gL L9 02— 5z (P11} 911 0g- "y 9E% 0,065 wingg
0 ghe g 61 0g o1
0 09z 0 oLl 5T 73t
0 (v9z)  ¥iZ gL— 0 (go1) 951 - o1 (181)  E61 g8 — "5 4 4E % D085
0 857 o 691 o1 og

T gLl S 81 0 807 -
a1 (561) V07 53— 5z (g61) Gl oz 0 (917} 522 o — papas sy
0z £0z ot 70z 0 12
(%) {m.J3y) (2.} (%) (. pBy) {3) {9 {ur.yay} (D

-nu__h:—m.«m_hu :m.f uhLM A humﬂ;—mﬁm—ho Om A m.LLH A .ﬁumﬂmm_nﬁumfuo Dm..a m.h:ﬁ A rﬁ:gm mmu:&umﬁr—k
(129u33) ZVH puog [elew pa g

(g ASWd} sjutel pap[am jo sanredold joedmt E:ﬁ_o.\w ¢z 2lge]L

60



Vol. 13 Ne. 3 Phe - REEE RS AV REFR A R AEBEAEM 35 & OV RS S o B 38

@A N (FEC PMS 35, HUE 100mm # 2 AEEEE LEHBL T L HENERIC
(G348 KHY 35) L &SRB, TR LREFY  FEHALLSSFSNRsRBETLZEEZ LMD,
Arfier L6, MIES L EEEIZT Ch,

)R HIRE ) R RN R MR C WES 3005 (1977}

2) - FEREHFREERERREL | WES 3006 (1977)
YR KEE S, LGE BE, W, g, ot Dlere, 10 (1978) 4, 280
) SREEIERER S WES 3005, WES 3006 (1977)



	★j13-361-380
	j13-361-380

