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Synopsis:

The Alkilled fine grain steel, KHY 35, containing small amounts of Mo, V and Nb and having yield strength over
35kg/mm? at 350°C has been developed. This steel is suitable for pressure vessels at moderate temperature below '‘creep
range'’ which are designed in accordance with the [SO standards of high stress.

The normalized and tempered steel plate {75mm thick} of an industrial heat shows normal sulfurprint and macro-etched
structure and satisfies the specification: the yield strength (‘é-étlkq.fmm2 }, the tensile strength (gé(}kg,'mm’ y and the elonga-
tion {>18%) at room temperature, and also the yield strength (>;35kq,fmm2) at 350°C in tensile tests, and absorbed energy
(23.2 kg-m at 0°C) in 2mm V-notch Charpy impact tests. K~ value at 0°C in the three points bend test is
424.Dkq\/?nafmmz, thus showing a very low brittle fracture susceptibility. Tensile, impact and bend properties of covered
electrode arc and submerged arc welded joints with the heat-inputs of 24.3~60.6kJ/cm are excellent. Stress relieving heat
treatments at 550°~620"C for 450min followed by furnace cooling can be applied without deterioration of properties at
welded parts. Low cycle fatique strengths at R.T. and 350°C of base plates and weld joints are alse good,

Large diameter head plate was formed by hot spinning and it was found goed in strength, ductility and toughness.
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Table 1 Specifications for high yield strength steels in Germany
Chemical compositions (wt%} Tensile properties Charpy impacl properties
f
Steel i i R.T. 30T DVM (keg- m) ISO'V(kg-m)
C Si|Mn| P S |Mo; V | Nb |Cui Nil Cr[gsTrale«lve T -
YE|TS.|EL*|vs 1 . .
g i i | ey Lioi—ae] o°C L0 0°C]| +20e
. | -
020 |10 ¢.10 ) 52 1200, ;
g = = S016: = = | z 242 232 24
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s = = — —_— 24, =3, —
Wh 30020 | [s00%s 5003 P | sa1s 2| 7 el 2w 242 | 232
0.20 |[1.40 0.20 60 1200
W< <0.035|= - - < — | — | 242 2327
WB 35%| <019 ~050 |~1.70 =0.635|<0.035 “050 =019 {s1.6) ! 244 T gT,S.g 235 242 | 232
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1) ~4} and 6) . August Thyssen-Hiitte AG, Mannesmannrohren Werke AG and Thyssen Niederrhein AG
%) Rheinstahl Hiittenwerke AG
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Table 2 Provisional specifications (Kawasaki Steel Corp.) of KHY 35 steel for moderate

temperatures service

T Chemical compositions (wt%) Tensile properties Charpy-impact
- . property
Steel R.T. 350°C 1SO-V
C 5i Mn P 5 Me |V+Nb| v.s T.S. EL Y.S. 0°C
{kg/mm?) | {kg/mm?) (L&gd) {kg/mm?) (kg-m)
. 0.80 010 - ]
KHY 35| =020 | =060 170 =0035 | =0.035 050 =019 | =24 =60 =18 =35 z 32
Table 3 Chemical compositions of an industrial test heat Wt %)
wi /o
Sample C Si Mn P ) Al Mo Nb v Cu
Ladle 0.18 0.41 1.54 0.021 0.006 0.034 0.33 0.048 0.042 0.54
Check 0.17 0.42 1.58 0.019 0.007 0.034 0.32 0.048 0.042 0.52
WS panderd) 2019 0.15-0.60[0.80-1.70] =0.035 | =0.035 0.15-0.50| =005 | =010
* Ni, Cr, etc. may be alsp added singly on in combination to steel, if necessary
ey Mn S N G Mo V.
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Fig. 1 Specimens for tensile tests at room temperature
{top) and moderate temperature (bottom)
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Table 4 Tensile properties at room temperature

Specimen Through-thickness Y.S. T.5. W El R.A, Y.R.
onentatmn location (kg /mm?) (kg/mm’} | (%) (%) | (%)
Lonsitudina Quart 46.0 620 | 27 69 74

ongitudina uarier 458 616 28 69 74
T Quart I 47.1 62.5 28 68 75

ransverse uarter ! 475 o 27 70 75
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Table 5 Drop-weight test conditions

Specimen size } Span Deflection | Drop-weight
stop energy
. {mm) {mm) {mm) (kg -m)
25 by 90 by 360 305 7.6 1104

Table 6 Results of drop-weight tests
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toughness test results
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Fig. 10 Results of 2mm V -notch Charpy impact tests

after stress relieving treatments
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Fig.12 Results of ¥ groove restraint cracking tests
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Fig. 11 Resclts of taper hardness tests
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LExETRL 2,
B Lz, BRI EERER O LSS
L 22T B 20, Fig 3| Hib R
B 24T - 72455 % Table $ o4, Bftme— F
SO A TENS L UNmMANELLOTHY, B
BB E b TG v b,

344 REEMFIERE

WHET — 7 EEEBKS 86H, 7wV T—7
R KW 101B < KB B0C # Alv:, Table 10
MTTESEEETHRET - 7 BERT S L UAR
BOBRL L T oOOGTe— U T — JiERRT T
EL, ZTHhem3ERD, gy, E¥L onftd
Az,

(1) ®EiEs L SR ERR

Hink L OB BERB N E N EFNISOM
DR (CEITEIMNE © 25mm X £& (75mm), &
R EES BRI FOMHI0mmT D) B L REN
EHingsE B (EFR10mm, G.L.50mm, F#E K

FER R PATERHR AL E T S) L L, FIEREEEIEY.S.

50 50 30 50 50 50

F 720, 15mm/min, %N &34 5mm/min TIT-
7-. ItEEfESR 4 Table 11\2R4, WHE 7T — 75
WFB Loy 72— 7 — 2 EEkF (ABRE4
B & 0561kJ/em) ras weld. #4151 1r (5507 590°
§20°C) X 450min S.R. ¥ O ik 33 & 18 350°Ciz i1
Byl BT, T D B ER T L
KHY 350 & #1 o M e UG ( PMS 3500 RS ) 2 il
L72e Tt #Eli7-—r7EEMARFoRLE LU
350°C, Lo nfc T -2 T — JRIEHRFO
3B0°CIo BT AR IE~21%TH 4, THb
OMULE, WA TR RN S P e hy
EL, SR B R (SR o BER TR 2 1L
TN, BIEFHREBEOER AR L &0 5 8d)
TR EFT CBEF 25415, Lizd-T, 2
HoDMNiEs £ OB THM T 50840
(o BEBFLE LR E AT EAT L,
(2) HhiFfaiER

WET—rBERLNY T— 0 T —2iEEB(A
#hE4d. 65 L1060, 6k] /em) T2 0w T, WIERIY
ERGUE I 29 5mm, fIFEEI9mm) 75 S

Test head

T ] T

Strain
inducing
bead

75

300

7

\

-
ABCDE 75

00

Welding rod : KS86H (5¢
Preheating temperature :

C I."El.(' k

)

200°C

Welding conditions | 230A—24V—135mm min (24 5kJ ‘om}

Cracking percentage in each section (%)=

fo e

70 « 100

Fig. 13 Specimen for reheat cracking test

Table 9 Results of reheat cracking tests

Number of Cracking percentage on the surface

Cracking percentage in section®
strain i Secti in Fie 13
. . ections in Fig.
inducing Before ; After After ) ¥
beads straining ! straining reheating” A B C D E
i R
|

40 0 j 0 0 0 0 4] 0 0 0

0 0 0 0 0 0 0 0

80 0

» B20°C % 150min—F.C.

— 10
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Table 10 Welding conditions
w1 : - ‘re | Woldine| Heato | Fretestin o
Welding Weldul'lg ! . Dlaméter Welding Are Welding -Heal mdd:m;_ﬂ Welding pass
" rod, wire | Groove design | Pass NoJ of wire | current | voltage | speed input | ey
method - nd flux {(mm) | (&) V) | lememial | (kdem) | ey sequence
i 170 24 15 163 | 150
Convered | l L N —
electrode | KS 88H ° i
are welding 20 24 13 243 204
- ]
. 520 28 20 43.7 150
Submerged Kw101B B
« |
: |
arc welding . xp gyc 650 | a2 28 46 | 20
|
520 ;28 20 43.7 150
Submeryged KW10B o
X
arc welding |y goc- 800 12 | 255 | 60.6 | 204
Table 11 Results of tensile tests of welded joints
Room temperature 30°C
Welding Heat treatment Y. p.* Ts," EL* ) Y.S. T8 EL* RA"
(G.L.50 ; ,
{kg/mm®} | (kg/mm?} (%) (kg/mm?) | (kg/mm?) (%) (%)
As welded - 65.9 18 42.6 60.8 18 72
Covered electrede | goi¢ 450 min— F.C. 66.0 20 433 59.7 19 73
arce welding - —
(24.3%J fem) 590°C X 450 min—F.C. 51.1 65.9 19 43.3 60.6 20 74
620°C % 450min— F.C. 485 64.5 21 1.5 56.2 |7
. i
As welded 66.1 24 135 60.6 18, 72
Submerged are o } -
550°C X 450 min — . C. 66.5 28 41.4 58,4 18 74
welding - _
(44.6k) fem} 590°C % 450min — F.C. 66.0 29 42.9 81.2 2 73
624°C % 450min— F.C. £4.5 31 39.4 38.2 21 73
As welded - - — 43.7 60.6 18 72
Submerged arc 550°C X 450min— F.C. - 423 60.2 19 72
welding - -
(60.6kJ /cm) 550°C % 450min —+F.C. — — 42.9 60.0 19 72
620°C X 450 min— F.C, - — — 41.4 58.5 L 21 72
,,,,, oL i _

+ Average for two

specimens
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FiF s L orEiiT o B Ei TR R (MAEE30
mm, (§45mm, H7w— 27— JIEERFT AR
B44.6k]/ecmD L DD A) EiT 720 as weld #1,
(550, 590; 620°C) X 450minS.R.AFDVTH LR
e £ L, BEFRFoRmoMmr
I wTh 0% EeRL 2,
(3) v —EEAE

TR /48RS & U1/ 280 517 2 ESE, K
v FERE L BB (P R ) ) 2mmV S/  F B
F8mmU /v F i R 2 S A
& 2 Table 12,13 15  (*Fig. 14,15/259, Fig.l4,
Bzt Fhl7T—-7EEBL U 72— TF
— PEBERFETO2mmV S v F e LB — B
WMO—FlERT LD TH L, VT ILDEF
THORBMEIZ BT LEENEL BT, as
weld. ¥4, (5507 590 620°C) X450min S.R. #f &
vEp (3 T CKHY 35085 ) i 5 A5 (PMS 3500

BEE 3.2kg.mlll) 2 M2, 2 F AL D ayE
L4~ Table 1=t TWB35 0 H F% (4. 2kg . mbl
Sl EESEEY A EVIES R 2
{4) Wroom 2 ilEk

BB TR E ORI R e b 2mm, RER
1/4%5, 1728, 3/4%0 6 L OB~ 6 2mm DE 4
2w, WE BRI By A AIEED (fifE
10kg) (2R VR 2Pl 2 W HOMPEO Y
OFP R E Iz BT L, SRl O
AT T s IEF s smern L, HWET
— 7RI L, as weld M 5 L U9550°C S.R.
MIZ BT 3 5 Ok & FHEILH3T0 85 &
FH366 TH Y, 590°C SRR L16200C 1o &
B FIUL T FHH 330 L 345 Th B,
IS OMEROREEEIE T L EMNE I ER
25 2mmOERS, T4 b B EEORRE Y
BRTOMNEETH LA B4 6kI/em B L4606

Table 12 Results of 2mm V-notch Charpy impact tests at 0°C of welded joints

590°C X 450 min

590°C % 450 min

620°C % 450 min

550°C % 450 min
_ As welded —+F.C. —F.C. —ALC. —F.C.
) Testing - . e
Welding ssitio Absorh.| Crystal| Absorb.| Crystal| Absorb.| Crystalt Absorb.| Crystal-| Absorh.| Crystal-
P " energy*| linity® | energy®| linity™ | energy®| linity® | energy"| linity ™ | energy”| linity”
(kgemy | (%) (kg-m) | (%) (kg-m) | (%) (kg-m) | (%) (kg-m) | (%)
Quarter | 11.1 32 8.0 48 5.8 50 8.5 47 9.3 42
Covered WM. \— - )
vere Center 4.3 75 4.6 88 438 65 3.8 70 45 67
electrode
Bond | Quarcer 13.2 15 10.4 a8 8.0 50 10.1 42 9.1 40
arc welding o — .
. 8 . . .
(24.3%J fem) Az Quarter 13.3 23 10 45 1?8 1 2_8 18.6 12 12.5 30
Center 13.0 27 | 7.3 48 10.5 35 16.0 15 5.7 55
Guarter 15.2 17 14.1 22 12.7 . 28 13.0 25 11.8 37
W.M -
Submerged Center | 108 | 37 63 | 47 68 | 42 51| w2 47 | 53
arc welding Bond | Quarter | 19.7 20 20.6 5 11.1 33 9.7 1 11.7 42
(44.6kJ fem) Quarter | 22.2 7 16.1 17 | 208 0 | w2 | 28 % 194 15
HAZ - JE
Center 13.8 10 14.1 20 9.9 23 11.5 27 12.0 . 40
Quarter 18,3 5 9.2 35 13.5 18 — 9.8 25
W.M. : R
Submerged Center 8.1 33 6.0 48 61 57 — 1.6 55
are welding Bond | Juarter 8.5 53 12.4 30 9.9 48 — 9.8 42
(60.6kJ /em) (uarter | 13.3 35 16.4 7 | 188 | 17 141 | 2
HAZ : “
Center 14.6 15 ‘ 12.2 8 12.2 27 — - 17.1 7

Specimen orientation © Transverse

« Average for three specimens
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Tabie 13 Rusults of 3mm U-noteh Charpy impact tests at 20°C of welded joints

Fig. 14 2mm V-notch Charpy transition curves of

covered electrode arc welded joints
{S.R.treatment : 580°C <450min—F.C.)

13 -

As welded 550°C > 450min | 580°C % 450min | 590°C X 450min | 620°C X 450min
Testi ’ -+F.C. - F.C. —A.C. —F.C
. esting .
Welding i Absorb. | Crystal-| Absarb. | Crystal-| Absorb. [ Crystal-| Absorb. | Crystal-| Absorb. Crystal-
pastiion energy ”(linity* | energy™|linity* | energy||jty* energy”|linity” | energy | linity*
i tkgm) | (%) | (kgem) | (%) | (kgm)| (%) | (kgem) | %) | (kgem) | (%)
l Center ; 113 | 22 99 | 25 — | — 1 1ws | 98 | 30
C d W.M. :
overe Quarter - 142 @ 13 | 127 13 130 | 15 1 115 15 | 128 | 10
electrode ; i
Bond | Quarter ' 151 ! 0 14.4 2 14.7 8 14.9 2 13.1 7
arc welding . L
Center | 13.4 7 127 | 12 — — 12.6 17 111 18
(24.3kJ /'cm) HAZ - -
Quarter | 16.6 [ 15.3 0 14.9 3 15.0 8 156.1 2
Center 14.4 8 104 ¢ 25 — - 10.7 20 9.9 18
WM. b - e '
Submerged Quarter | 146 | 10 12,5 7 13.9 12 14.7 13 13.2 13
arc welding Bond | Quarter| 175 | 7 155 5 14.3 2 15.9 5 14.0 0
{44.6kJ/em) Center | 163 0 13.5 8 - 14.6 17 13.2 2
HAZ —
Quarter | 17.2 0 17.7 0 18.0 ¢ 18.5 0 17.2 3
Center 12.1 10 11.3 , 15 11.2 18 - — 11.5 17
W.M.
Submerged Quarter | 14.0 7 15.2 5 14.3 5 - — 14.1 12
arc welding Bond | Quarter| 15.7 0 15.5 2 11.8 8 — 14.8 3
(60.6kJ /cm) Center | 16.2 2 12.1 5 | 140 7 — - 10.9 15
HAZ : )
Quarter 18.6 ‘ 1] 16.8 5 16.9 0 — - 16.7 0
Specimen orientation ! Transverse
= Average for three specimens
100 100 Through-thickness location
= oy ! Quarter
® 80 = o S Specimen vrientatien
= gol E‘ 60| : Tu’ransverse
2 =
= g0l = 40 \2\
2 2 aob
£ a0l 5
o ]
0 : 24
Location of antch .
20} —s— WM % 22r t T
—-c-- Bond ® - T
- Ay e N
< 16} :E 18 & ) o . //é
£l 2 sf .
& 1af- gt
b £ 12t
s 10}-
- T 10f-
z Bl =
B 5 B
2 B Z ¢l )
= 4 Py Through thickness location Lucahrun uf notch
: . X 4l —— WM
e o D Quarter o
2L [0 2 Specimen orientation 2 - o Bon'd
¢ D Tramsverse ) T4~ HAZ
0 L I ! I I L | 1 1 Il
- 40 - 20 ] 20 44 — 40 -20 0 20 40
Test temperature (°C} Test temperature {°C)

Fig. 15 2mm V -notch Charpy transition curves of

submerged arc welded joints {heat-input
44.6kJ em. S.R. treatment:530°C ¥ 450min

—F.Ca
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Fig. 16 Low cycle fatigue test specimen
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Photo. 3 Optical micrographs at the quarter thickness of various parts of welded joints
Table 14 Welding conditions for fatigue test specimens
N — = - : —
. . [ Welding Welding Welding Are voltage Welding Heat-input 5.R.
CGroove design current speed L.
method rod (A (V) {em/min) (kJ /em] condition
1 250 -
Covered Cant
=2 i electrode K5 86H P90
‘ t 8 e 220 24 13.0 24.3 450 min—
Smmg
~ . F.C.
vel
== welding
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EOLOHELEE L. U TAMMe w2 N2
DEENDEAFILAN—TINRBEEL A, A
# R % ASME Sec. VIl Div. 2, TRD301, BS5500
O BRI R R LA S sk st - g T Fig.17
2T, BHEBETH LTI L ASME
B L BS oIEF T AL TR LT
FAFFL2.3L B L0300 v go i RAS
LFETH L. TRDOEH Bz L TR EOME
FUMEFORT. 12 350°C v v T LS L
GEEMNIH Y, B 2L BMY 350°CL B
I AESTEEEIX R TAZ BIFE F Lz T, M
IR TR SN T/ ol BRRY |3l A T A I A
RS LA,

3-6 SR LTrERE

TEY, Fu INBLRTIUOENEILE
iTEMINFE £ 8 LS RALIEE RN & 57
Fro HAROTES L UBBINT.4F 4 Table 15
Lt Fig. 18 (=73,
(1) Iz & 2HENEL

R EREORE R ME L, M L BHHE
DA A EES Fig 9 Rmd. 777>
iz 5 ~10%, 77 UERTIE10% DRE D
HAdhaoihsg, Zok @iz L 5REEL
HOBBITAROHERCALSNA2LOTHD, Ik
Wy P A= IMIAT bR A EL
Tevd,

Table 15 Size of head plate

_a{m—et—e"r. -uf- .b_lank ‘ Innea;c_linmeter Length of flangeg

AL SR TRTIC A 2R v = > 2 TS & 28R ey ey )
DBIEERBL, BEMTHERET 2 E b 3 920 3 000 | @
100
: — 101{
TRD301 ] E
G M~ _ (20°C) :
Ea — - =
I~ O~ x
.o ;
W 10Y- | o
o L ASME ®
hgc --.____Suc.‘l'!]l _aé:
p [ Rsssos Rl w =
E | 5
S T 5
= L 5
P Base plate | Weld joint 2
RT. [350°C| R.T. [350°C E
10 'F o . o | + i
L N S | | " L1
10° 19" 10! 10°

Number of cyeles to failure Ny

Fig. 17 Comparisons of low cycle fatigue strength with the design fatigue curves

S00°C = 25°C Crown

forming

Knuckle and flange forming

820°C £ 25°C

Normalizing

- (920°C ¥ T5min —~A.C.}

Stress relieving
% 1620°C w 450min—*F.C.}

Fig. 18 Hot - forming process and heat treatments of head plate
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Higlz BT A5 5EREB T2, Table 161274 &
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WET A BEFLMES L NSRS L, Sk
{2 28|88 ERTlE, Table 17TI2RT £ 542, 0
T B LI IHESRABENL 727 77
o ZAERB U7 T VEOWTIL3E0C
TOVMEHRELBLT IR LEEL JOEE:
AL 7.

(3) xR

e 8 LTSS RAELL 727 7
rrE, Foe ZERE LT 7 VR o T
W AT - odE g A Table 16 1274, Z4HLHdD
0°CIlz BT AN L X —yEold T THHD
W RS (PMS 350 853 . 2kgembll ) % L F b
sty wWENLOMEIZEVWTHLIML#HS R
L 3Ok 2L TRETHY, 22
S IO OHER R TR 2 = PSR,
MBS THRTHMET AN GNYITHE Z & FT%
LTwd, &k I OIREREDS SRR S
SLBYTHD LV b,

Table 16 Mechanical properties of formed head plate
Tensile tests at room temperature Charpy impact tests
Sampling position Heat treatment - i L] * * * 2mmV-notch ¢ 3mmU
p R EL RA. Y.R. aoteh
i (kg/mm?) | (kgdmm?y | (%) (%) (%) vEq Pooublaeg ™
s (kg-m} I (kg m}
As formed | 43.7 67.6 31 66 65 7.8 —
Crown part .-
Formed—S.R. 50.9 64.0 24 0 80 12.4 -
As formed 45.2 71.9 26 &5 63 5.4 —
Knuckle part
Formed *5.R. 48.2 62.8 28 88 77 11.7
- [ ] - ——————
As formed 48.7 4.5 21 58 65 4.9 11.1
Flange part o
Formed—S.R. 52.7 66.9 22 71 79 1.2 11.2

Through -thickness location ! Quarter
Specimen orientation . Transverse

= Average for two specimens

» Average for three specimens
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Table 17 Results of hlgh temperature tensile tests of formed head plate at high temperature of 350°C
B H;:]:n a5 t10”_-__ Heat ;;eatment' 1 Y'S'~ 1 ¥.5.7 N kL.* I RAS Y R o
S I T ] e ) Gk (%) (%) e

As formed w7 w27 | 2 % 55
Crown part — - :
Formed »S.R. 37.6 59.9 l 27 77 63
As formed 8.1 71.0 26 74 54
Knuckle part : - B
i Formed-+»5.R. 376 58.6 27 64 7z
As formed 44.5 71.9 24 72 ! 64
Flange part . . e e
Formed— S R. 47.5 64.0 29 70 74

+ Average for two specimens
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=44kg/mm?®), T.8. 62.8kg/mm?*{=60kg/mm?),

]

EL28% (=18%) TH& ), KHY35 o8 s
(PMS35@#K%) & iR+ 4,
(2) T AER(R=1.51, 180 AT RETHY,

EME 5 TH 4,

(3) TERIZ BT AGIEABEEEE F i, 2 A
350°CIz £ TY.S. 38.8kg /mm?( Hi A% = 35kg /mm?),
T.S. 60kg/mm? EI. 26% T4 1, KHY350% 4
1% (PMS 3500 HUAE) 2 IR+ A 180 7= iR LY +
LT

(4) y)rwt—iéffﬁf?é':t.%ﬂt%ﬁ:ii ¢, Pk zldT
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