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Metallurgical Investigations on Continuous Annealing of Low-Carbon
Capped-Steel Sheets

Kenzoh Topa, Hisashi GONDOH, Hiroshi TAKECHI,

Mitsunobu ABE, Norimasa UEHARA, and Kunihiko Komiva

Synopsis:

Low-carbon capped-steel sheets having excellent drawability and ductility have been obtained by a
continuous annealing process. Materials suitable for the purpose are low manganese steels (<<0.25%,
Mn) with K values of 0~0.15, where the K value is defined as

55 55
K:hhﬂ%)—jg“o(%)~ja“s(%f

These steels are hot-coiled at high temperatures such as 670°C or above, and then cold-rolled. The
time required for annealing at 700°C is about 1 min, which is extremely short compared with that
required for the conventional batch annealing. As the optimum conditions for improving the ductility
by controlling the distribution of carbides as well as the content of solute carbon, the cooling rate after
continuous annealing and the subsequent over-aging temperature have been found to be 5~30°C/sec
and 350°~450°C, respectively. It should be noted that the ductility is much reduced when stresses
exceeding some critical value (about 13 kg/mm? in the present case) are applied to the sheets during
Under the stress whose magnitude is not far less than the critical value,
It is necessary, therefore, to install hearth

the over-aging treatment.
the over-aging treatment can be finished up in a short time.
rolls with large radii for the over-aging zone in a continuous furnace.
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LW BEXBEESI R, #EE5Esaianmssii (Continuous
Annealing and Processing Line, B& LT CAPI_;) Y=
ks WTIEFC EELET TV5Y. o CAPL =
B DEEEM, BERERHLRET S DR
DREERBRBRDOI L, ¥+ v T FEOBERZEREITI
THET 5.

2. R B AKX

FTLNAHOEEBHCIEIERDO I 27 + — FiE
HEDDIEBLETHY, ToHTEManEHEE
BOBSHENLHMONTWHDTY, ZEEITII{L Mn §9%
vz, {L2pk42 Table | OfMBATRLELD *
v TR EFPTHERELALDOL, SBHOSEES X
CEELES & T, TOROBRIEEY 550°~740°C
DHIFH TEAL TG/ BNESR 2157, & OFERHIIEE
S, DWT 70% OWHEEEIC X > THRERE 0.8
mm kT b, ZOBEEEEELFTOIE
RFEOTIBRFEE AV T, ZORERE»S
FEERFE 2R U

SRR 7 B SR T b B 7o CRIFS i, FNER
BT HEEIN— 20— (hearth roll) 1T X 552 03KE
LEF 2 510 50DT, TNEEBREFNTHERI 5705
Fig. 1 WR¥ X5 uEREEL FikEiLiz. &
T SP 1 800200 mm? D~FEESR bbb, F iy v &

Table 1. Chemical compositions of material steels.

Composition wt%

C 0.05-0.06

Mn 0.18-0.21

O : 0.023-0.075

S 0.008-0.028

N 0.0011-0.0056

“r Vertical
motion
BD

Fl N ” F2
cffmﬁﬂf Dﬂ

Y

R I=lialiil 7@

CH
SP : specimen CT : cooling table
CK : chuck N : nozzle for cooling water
CH : chain F2: furnace for over-aging
M : driving motor BD : bending dies
PT : preparation table R : radius of bending dies

F1 : furnace for annealing

Fig. 1. An apparatus for simulating the thermal
history and the cyclic bending of steel
strips passing through the typical indust-
rial furnace.

CK X 9%k F - CH oiigixhtTuwsa. xR
B, BEr -4 - Mz X 2CESEF— T PT 256
7 Fl wBiEsh, XTI CHEREMREDDOES
BAEEFAIT T I hbhs, SwTREls, 7 X
W N POLRHKOBMHET 557 -7 CT #@8E L,
{7 F2 TZE5. F F2 s, BEiECEE LDy
BT 5 /0D O BRZILEED, £4 2 BD @ | TF&E
BCX5EBIR LT E ST SR ocbhs. 20
BOE LHTIC X o T, SESRFE D@D CERERD N
— A0~ I X DR IS R LmER S
BEXFRINR 5.

Begt, BRFShIs X OBk, WwHIOE&4kE, Table 2
WRTHIECTE(L X & 7. Table 2 1T 3\ TEEED NS
HEE LBREEN RO HERE Y, FRENESRE & Bk
SNREDELIC X2 TAET 2 HRLBFREZ T LD
DTHD. AEEERITIHERE LB X >TEHEIh
B A4 v REHIE Fig. 2 WRT. T 2 TSR
RV EREEESE D — ISR & LT 1min & L7,
A, ZRES B A DERBEHOEEE, ByA o0 Z T
BRSNS X 5ic 700°C £THE L, ZARIC X 5k
L& BE 2. B4 2 v FC 134F Fl O7c o TIESIC X
DTHELNE DT, Ny FEMOBETHETEHO
ThHb.

BRFZhF O [E % T8 5728, R A% 250,
Table 2. Conditions for annealing, over-aging and

cooling in the experiment by using the
apparatus shown in Fig, 1.

Heating rate for annealing 3~8°C /sec
Annealing condition 650°~900°C for 1 min
Cooling rate after the

annealing 0.8~95°C/sec

Over-aging condition  250°~480°C for 1~10 min
Cooling rate after the

over-aging 2~.5°C/ sec
1 000
| Annealing (Imin)

800 -
5 | — FC
~ 600
g X Over-aging
g 400 | (350 x 5min)
[= X
g I
L
= 200

TR R .

L 1 :
o) 2 4 (5] 8 10 12
Time {min)
Fig. 2. Typical heating cycles in the experiment
by using the apparatus shown in Fig. 1.
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500, 1000 mm 7% 3 EOMF#4 22 HAE L. Bilo
FERTIXEARFCTH 52 UDEM L2 Hv, &k
SRR X D WA WAL L NIVDG T Tarsrhis
A 3 Zleo7.

B E F, 1%OFEEIER, SLU£0% 100°C
T lhr £ TOOTARRhE I 27007 &R E o rhg i
26, KiE 0°8x25mm?, 4= &7EgE 50mm o JIS5 =
REA Y02 L. SERABITEA 2 b o B ER
WA H, FRCSWTOTAHEE 10-3/sec THEZ
B Zixof. TIERRRE, MR oW TRERS =
S L7z,

HOHEOIRIZDOUV E2THDH I 27 4 — FlECOW
T, BUBHESIR O ELES W], b, stARAmOF
BETIhEFILE. B Ihb5 77+ — Ff
DER IR L7-0, {200} S NZ RERRED
WRERLBIZO>WTOBRF OFEC L K L.

BRSNS X 2EFER C, N S0 (bxiRe
NEREEBRD A 3 — 7 ¥~ 0\ I LFHE L7z, BRI
I X OBYAIEERENC 1) B B RAE & RILa i, £
ERSERIT X B ERITEH Mg T X o L.

3. REBEBERBIUEBER

3.1 £ #

RO D OBIE R, WEEE OB
fo & X ERMTH O T L, TR HRG LT ikE
HETHXSESESERESNSE. ZOHKIIE, BEZE
BiA 2% Ti 2T 5 X 5 SRR EHAY 3% 2
LA, ZOXSKHEEMIEE2 A MEME E DL
DT, TEMCELTLIHFELVWHDTREV. £ Z
T, FWOBEE, X URBEOERERMEE RvWiET
B, Fv o T FEEAVTRITEED .

IO X HREHECEEMO Mo, O, S EFEER
THLENRDSL. fok xE, EE MnE2MEY & gEgh
ORI REIHENTD, B SY 5 VISR IR Lc S
PBEELPHRELZIHT 5 &b, 7Sk
L7z TS5, O 5 0.07%BENTORE O &
DEE EERFIVNE LA D2TWAEY. L2 Tl
RS EIEEM A8 5 7% Mn, O, S oREZThFh
BB I35 5EXPETHELLRS. LrLIDX
S N, BERA AL EDEE LRk, BhEa1 R
ML ETEZ B O2TEL ORESZ §1r DO ThF
F LRV

LesLlE 5 I g, OFDZ W CIIBERFABRT
BN VWD HIEEEESROFERZ R, SREEER
i 870°C DOBMMIRE 270D & DX S e HEEMOE

N B Evbi, E7-SEOEWEBIC OV T b [
BRO Z LB BESRTVAY. ThLOERIE, i
TEREIHESHICIT £ U < 72 W RMTERAS 7L D DB ATH
INTWTL, ThbrMELBCHE I TRFIEE
FEESEIERM OB LN B A AEEZ R LTV 5.

Mn, O, S 05T ST Wi I EEEE LY, Rkt
e LT (MnggFey ) O, (MnysFey ;) S isEdbmbi
TIEVWEHA8), R D72 MnO, MnS DK% 185%E
THIE Z ST B A OTE DL B RIBaTRIT,

K=Mn(%) —¢ O (%) —55+ S (%) (1)

5BRT K=0 2B IHHATELLNS. 22T Mn
(%), O, S(%) 132N OERE%EED

—~ 28
E
E L o (a)
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s T %% o
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_ agl (b)
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g /i/)
[ 5 0/0 N
A/
z4 i |
L (c)
A
1.8 = "
. A o N\
I O,
3 a0 55 ° % M)\
o [8)
T4 r o5 © &
2 AN A
S | ©° 0O O\,
E -
S 1o} A
! ] ]
0.1 0 0.l 0.2
K value
I Symbol Heating cycle
' O E Y in Fig. 2
i A i Z in Fig. 2
N content : 11~18 ppm

Hot coiling : 690°~710°C

Bending radius : 1 000 mm

Cyclic bending : 50 times
Fig. 3. The effect of K values defined as in Eq.
(1) on mechanical properties of specimens
heat-treated under heating cycle Y or Z
in Fig. 2 and then temper-rolled by 1.
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% 28 - T. KOfidn o ikEDENE, ZO{b¥manbitee &
£ 7 ) HIZ LT, O3 kTS 0EFS 5 I Mo 0EHZ Th
z%r TREKT 5. COLFRAMEER HX E TR
gt REETE, R RBAIC I E U< i WRSIIE RO B E
5 20l BEEEERELNEDOT, K=0 $5 W3 LOMHETHE
: | GESUETE RO B 7 SN S WA 5. 2O

! ! ) ! I X SRR EH LA & & 518, EE
~ asl Beshoo X 5 I @B clamBghic i har ke sz
< | LIITRFAETH D, Lok D TERESHH IR O HRie 1
§ o MOBMBESAERINE. 20 X 5% B b &RC
2" 6 o o oo 3, ERFRE Kb 5 3 IVE IR & R TS
s | o o =L 7z
S ! WL RS A T L7 KIE S, BIRRIIC X

E— T LRIk & OBIRE Fig. 3 KRS Th

B , PHEILAE X ST, 0~0.15 7% K% Lo FEClx
1.8 14 TN LK OE, ThbbRCERREELE V2

s L o/‘ OB LV T2 o7+ — FENELNS.
3 4l v SR BB, Fig 4 10RO < BRIET
£t | o7t BOBIEEIC SIRET 5. & O BIRAKES 670°C 12
~ oL () B EOBEITIE, BIRRRE D ERIC & b VKRR

Ly 2 LT LAMGIREMmT 5. o BRAEDHE

550 600 650 700 750 BT 97 2— FIEKDWTEHRCELL, & 2idfE

Hot coiling temp (°C) B BT 5 REBFIRETIC OSIcixL.8D5 ¥

N comtens 1216 o T s — FEMELAT WS, DM X FHHD Al

o s ! o oV FEBIRIC ST 5 b D TH 5. Fig. 4(c)d

ig. 4. The effect of hot coiling temperatures on aobE, Fige 5 TR LCBESSR SR D 2 FiT e L,

mechanical properti.es of specim(?ns h.eat— iR TR SEE S e B FREE L7z 3B BvTlx {111}
treated under heating cycle Y in Fig, 2
and then temper-rolled by 19%. Quvw) R DOEFIB X VHEETH S .
(a) Hot coiling : 550°C {(b) Hot coiling : 710°C
a {in}<2i>

A (i1} <110>

Fig. 5. The effect of hot coiling temperatures on the {200} pole figure of specimens heat-
treated under heating cycle Y in Fig. 2.
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Kif3 X OB ERIBE O L > TR LN 5 Y
e & iEMEO[E) Rix, Fig. 3 & Fig. 6(b) H XU Fig.
4 » Fig. 7(b) OHEH- LML, EIL L, ERBEST
BORBRREBAEFE LTV, Zhit LT, T
S DR OB TRIE Lcss Sk, Fig 6(a)k
Fig. 7(a)icm™¥ & 1, K (i dp B\ EAGE IBER R E I

Grain size ()

Fig. 6. The effect of the K value on grain sizes

Surface layer with coarse grains

30
(a) Hot bands
[o]
o o o o O O_OO_
200 © 00°° 8o o o
° "o
10 1 1 !
{b) Annealed specimens
OOO
20 |- 0 5o
9% © o TR
o]
10 o 0“0
o
/o
0 ! I I
=-0.1 o} 0.1 0.2
K value

of hot bands and specimens annealed
under heating cycle Y in Fig. 2.

L OTKIBICIIZEEH LT Wwisw. SRR L 7o BUERT
icig, Fig. 8(a) iBIFRT B & 5T BEIEREIFE
U, SUEBBIRED LRIC L D, ZOREEOEKOKX
X xS, COREENE, WEERECHEET S
HEMD 75 ) b JE D% SR IR X 0T REH
BELEbDEEXLLNS. L, ARELEEmsE

30
{a) Hot bands o
O o o
o O’/
oo _ _——0 Y0,
o] (o]
:‘-L Xe) | 1 1 1 1
® (b) Annealed o
3 specimens
: i o
B 20 -
G
10
0 | ) i 2 i
550 650 750

Hot coiling temp. (°C)

Fig. 7. The effect of hot coiling temperature -on
grain sizes of hot bands and specimens
annealed under heating cycle Y in Fig. 2.

(b) Annealed specimen

Fig. 8. Grain structures of hot bands coiled at 710°C and specimens annealed under heating
cycle Y in Fig. 2.
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$ilicd LTI, Fig. 8 (b) WRTIEL, HEER

SIETDZOX S LS RITEEI R Vv,
{EBAESF S EEEMICE LTV 5 L W HRED Y 5 5
7%, Figs. 6~8 13, ZF|MTEONAT Chi s
EEAH TOMALIRICHE LT LR RELT
5.

BB IE R M %215 5 7o D 10 BUE IBIE T & I
LT EDFPER, WOXLSKHERBCTES. Jbb,
Mn & Sz ownThhiE 1 250°C BE OHELEE CE S
LTwa27 D OED Mn & Six, UL 8REDR
WHIZ MnS X LTHHET 3. Zo8E 670°C =BEL
FTOFRBIR T, MnS A X Vs B Il b
h, BRTIRERRIEMICE S/ Mn, S A Higkh SR
RENHEROFHFEIEREND. FIZHA L MnS
B F b FHE S CRURE 2 1T 5 0 1919, Ao EE
FEMV TR S iz MnS ¥ 713, Btkayin s i
FZLTWEWD, HEMHIESH LT VS0 LE L5
f, MnS ¥FO SAEELD R D EETE Ao
Fe-Mn-S £4&% L [k Fe-Mn-O &4\ T h,
w il EEAEFT i SAESR A % i (870°C 12) i Hhnsh
ST LITXY, BREFHHMSHIETEBDT Mn & O
OHEERS Mn & SOBELEKEEZLRS. 7277
L MnO T OS5 A ES BRHGEMIC X0 X > g
% BIET DI & 2T o

Kfg% 0~0.15 OFMICF4ET 5 = & i3 MnS, MnO
BB R 5, EMEsIcEER M, O, S 08
FERFIEZETR L, F22EBEBRKIE MnS, MnO o
BT 2 (R U BME SR 1 351 B HkiH b & MnS o3
EFAizd/cbTbDEELOLND. FOKECHER
D D WIHRREOMEER ML < 7 D, EEkse
BT THRELFERRE T <HAESSE LR S D
DEHETEND. Lotk ThbbIL 27+ — FiED
ML 2T, kO3 b8 SO 4N: & MnS &
T O HHEFREC L LR LOTEREZ DR DA,
WS ERHIIAE S 0T L.

BMEEIL B (#9 670°C LAE) B Z7b¥ic K|
ZZILI /AT, Fig. 3 R L/A-K{H 0~0.15 iz
B OEM, MOUEOCRESHERELKREL, 7K
EXBIEFE, SXFh TV IEEEBRE S - H>T
b Fig. 4 R LAE LVFER LEE bR .

NE&®F=Dd, Fig. 9 @RI, ERmstc s
Bz RiTd. Fig. 9 »oBLAK L5, N gt 20
ppm LT OBET T <z iEHDS BN 5. RBOE
BCOLEHEBELERT 22 LI RLETHY, 0.05~
0.06% & C T K {EF% L BEFHBRBEROEHIC X 5

28

24|

20~

Yield strength (kg/mm?)

- {a)

a8 -
o (b)

44 |-

40 ©

Total elongation (%)
T
o
[0}
o
[of
(o]

0 10 20 30 40

Nitrogen content {ppm)
K value : 0.06~0.09
Hot coiling : 690°~710°C
Bending radius : 1 000 mm
Cyclic bending : 50 times

. The effect of nitrogen on mechanical
properties of specimens heat-treated under
heating cycle Y in Fig. 2 and then
temper-rolled by 125,

T <hicRsEons.
3.2 syALo

G2 ONICEMHTOVT, BishE Fhicks< HRRFEh %
BLNRBOBFIEL B0 A s V% 05 2L BEETSH
5. BEPWERE &BRENRE OEIEM A Sbtd By 224
72, lmin OEEGEE 5 min OBEEEENOH BT ST,
1% SIHIEREIR OBRIEE 35 X O LMo B4 5 255 4
K% Fig. 10 0T & <¥Eak L. Zhic Xhug, ¥ 700
‘C oK 350°~450°C OiBREEN A Ml Bt 5 & &
BY RS5O B LT v5. WEEEHE 100
°Cflhpmof&%%%xc&o:ﬁﬂmowrk
CRER LA EDENT ChAEE 52 5. KO
FEMTIE, HTh 1 min OEHEC F453 < h kb
B/Bohs.

Fig. 3 (c) WEilliss By4 20 Z) 225245
+— FMEMLZEYTHHZ 2R LTHY, Z0HW
DT 890°C DEEShAIRE L A A DHEDY L [
ROFERTHB. zhic U Fig. 10(b) cR LA L
2T, BESNREO LRICX VMUK T 5. A0
FEMCIEIRESE (B4 2 0Y) s £ % IR
NT2 27+ - FERBESHRBOLABZDT, L 54
HUOEMEZIE 552 METHS. CDRMIDI BT,
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{a) Yield strength (kg/mm?)

200
\24 \22
850 |- ———26 ~——
o
a 800
£
2
o
£ 750+ 22—
o
£ 20—
<t
700
650 | | | |
(b) Total elongation (%)
300 /
39 /
850 |- yeul
— 40
3] / 41
. 800 | —_—
g 800 42
P
4 e —
E= 750 |- 43
2
= 44—
©or @
650 1 1 1 !

300 350 400
Over-aging temp. (°C)

450 500

K value : 0.08
N content : 15 ppm
Hot coiling : 710°C

Heating cycle : exemplified by Y and
Z in Fig. 2

Bending radius : 1 000 mm

Cyclic bending : 50 times

Fig. 10. Effects

temperatures on mechanical properties
of specimens temper-rolled by 19.

of annealing and over-aging

AEROPEITE A, ZEEAE FOBE K K1 5 BEsI H#E
HAEINS.

BRI ) HAMOGETE, HKRK -4 bEM
wcRETsL0EEZLh, 20— 74 FMEEIREER
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SEERAMNE P W DHEIT B T &, HEFi -3
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B RERIC L 22 MUOMInE R LTS, T4
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Over-aging time (min)
Heating cycle : §imilar to .Y in. Fig. 2 except the change
in over-aging time
Cyclic bending : varied with over-aging time
Fig. 11. The effect of over-aging time on me-
chanical properties after temper rolling
by 12, for the same specimens as quoted
in Fig. 10.
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A LTEz R TWS. Fig. 11 12 X hiEarRgha
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L ARBTCIARNCREREZET LV OHE DD
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HEEHTB T 525 SEE LT, FBOBSHITFIEN
ZEXDTE L b T OEEOER S RILDT HIESiTY
HBmzg, TOHEREETIO HRNREYO 2 min BE
TH R bhTE il 5.

& O AR E O B, B eRshiEE s T
DHH@ART X O2THELL B 5. oz
Fig. 12 wR¥. ZZTHR X, Y H3vvz FC I3,
1% FABEEERD 100°C 123517 5 OF 4 Bhhofai

Temper rolling : | %
Aging temp. : 100°C

4}
— B
o\ﬂ
s 3} After aging o
5 for 1hr FC
g 2 ]
> 2|
E Y \,
: N
2T A2 A %\o

—

= « - A\:@§

O /

As temper rolled
1 1 1 L 1
-4 -3 -2 - 0
Increment of total elongation (%)
Fig. 12. Variations of yield point elongation and

total elongation during strain-aging for
specimens heat-treated under heating
cycle X, Y, or FC in Fig. 2 and then
temper-rolled.
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TRRELDLND. ZOX 5 MBRIC D AIERI O HIE
e LTEH<DT, DFRBMBRCHE T SHBEREMHO
BIHENDZDTHA 5. Ll ZOHES Fig. 12
WX HAohs L, OTFRMhIc &0 RE L
KETT5. ZhERBEMRIEMAEC ST LT VB
FRERGEOEMEELS I L, Zh 530 T HRRIHIC
EENICE OTREE SIS Z L RBERTZERE A 5N
5. Fig. 13 () TRT X 5 NIClimRbs &%
v, Bip A sov FC Tl X hioRkfl e, Fig. 12
Digh FC p HIE S 78 & 5 R AT R % = -
PEMUDERTIRIZF T ERE .

IS REY 4 4w FC THE LLRBOFAEEEERS 4
PRECEDD &, OTHEEMC X 58 mRISO 2L
& Fig. 12 pfhft X i@l Lzt cEbxh, #HE
FEEERIAA & RN AR LI DI & 30+ 2B 5038
Ce<FUEEZRFLTWS.

Fig. 12 i X & FC O l#h b Mg h5 k5

Fig. 13. The difference in the distribution of carbides in grains of specimens heat-treated
under heating cycle X, Y or FC in Fig. 2.
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W, AbLoFv— - & bAd CHEE T R CEED
BEER T L R B I, B OB LR 1 &
LMERECIRE SR T hE L 5. COFEIIA
oA 5~30°C /sec T HDT, Fig. 2 DY A 7
LY BEIEFOO LD THS. ZOHE Fig. 12 ol
BY TRT IO, SMEOXESINTE 345
L7 < [BRAR SO B S REIR T E 5. DK
Cix Fig. 13(b)icR¥ T & < s Lok R (L
PEEEND.
3-3 [SHATOBHY

HWELF O N — 20—V X B DR LIS, At
MO EA SN L AR B K& REY RIE
d.ofmE xE, EFEONZ VAN R o UV EERE Ll
WL Ao EBRIC B, T ORI TS L,
EEESHAVER 12 X 0 FRRIEE AN LU KT 35 2
LEFRLTUA. ZoFTHenERT, suiidicnic
LOTAETBENENCRET LD EELLND.

COGNROEE L LS~ 5 70Dl AN ER D

oot TOERTIE, WHEEL Lot iimd
8C0
. Annealing (700°C x Imin) (a)
£ 600}
L
=l
B 400 |- Air
[T )i
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& 200 (350°% x 5min)
Air
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Stress cpplied
during over cging (kg/mm?)
Fig. 14. The effect of stresses applied during
over-aging on mechanical properties of
specimens as heat-treated.

i \T 700°C T 1 min [{EESEL7-Db, ZThie®Ria
SRERBIEICE D DT, WAWARIGNIVXALDH ET
Fig. 14 (a) @RTEY A 2 X BB E B T2
fo. T OFEEE I EREZHEERT 5 min D &H 75 KE L
TlHhnE .

EEROERS Fig. 14(b) & () &mT. s
73 13 kg/ mm? LIF O BE I EHRED 70D @FF
THOTHEMSIH D X S B bhbDrx L, §1 20 kg/
mm? D5 T OBEENC X > TRFERERE L £
HOERETLTWS. LA oTT Chictt 585
3, MR B E % 13 kg/ mm? Off S (ELL
TR X5 _ET HD. FIOERIC XX, &N
EEEhix 500°C LA EDIRETIRA LK VWDOT, HE oL
350°~450°C A EIEIRE & 78 B Rh NERIZ SV T 2 D
FHIIS DFBREAS LI & 70 5.

HEFIG )7 13 kg/ mm2 i3, BEsiECE O BRENIRE I B
I HERIERE (89 20 kg/ mm2) X Db Ak, L
723D TEG N T OMRMERShIC X 2 A T3 TR Lo
BEEEET, RIS ThESCHR T LDEER
Lha. ZOENEFEZHOBRRE, REMNNEEZTOOT
TREFINT X B FRRIERE BE 2 3 BT ER AR T O O 2R
DEALDKEVT ETLHMBN TV HEV,

A SR TN 350 B Hl IS TR R TR LA G-l =
5.

¢
O-____E.QQI__R, - T(2)

s G (kg/ mm?),
: ¥ # (kg/ mm?),
DR (mm),

t o OE S (mm),

T : AE e 55kY (kg/ mm?),
L7chi2C, i N e aRA E TR S 5709,
SEEIEORMEEShSE I EREBE INS N— 2 0 — VD EZ
HEXOH 00 E LT 5L EXHS.

BEThOBhEIC BT+ 20 DE L fiiFo 2EE,
Fig. | t RLAZBEZAVWCHELLNLNh {5
NAERFEMHLT Fig. 15 2 LTEEDHR. 22T
7o THRIC I, DK L A ViR TR b S
LU AR LT, #9E Lih 7 @rssho5a o 4%
UtEssa Bk D, fEhici N §F 5 N(ppm) & &EdRRL
Bd (p) ORZEBROTHD. HESGEOGHTIBIE
N O—HEIRLECEBXINET HAHI06 d H/h
XV EFEEMAEBNERDEL DD T, N-diX@
W AhBHIARS S0 BT A EOEIE N B EEEWITHS
5. N-d 73y 200 ppm- p 72 HEEITHISFE R

T o
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Increment of total elongation {%)
Y
l

R: 250mm

) ] I
(0] 200 400 600 800
N-d (ppm-z)

Fig. 15. The synthetic effects of bending radius,
grain, size and nitrogen content on the
increment of total elongation obtained
by over-aging under the cyclic bending
of 50 times as compared with that ob-
tained by over-aging without the cyclic
bending.

1000 mm DIFFIE, LMOBEMIELAEETH D
BMOBLBOGOEEIEETES. ZOBEA VL 202D
B TREQCHESNELNTED, HOL&ETTODHKD
W U ARFED S EM A i LA R TH BT L5 R
ZLTWwW%. N-d» 600ppm-p T R 250 mm i
B, ZOLMUMSRXELEDHEELS. chb
DERIIEEDOKREVN—Z2 0 — VO P EZERET L
TVBIE2, BOVRLHMITOERLEZH < DI NESH
ERBDLETHHZLEEZRLTWS. ZOHMICI,
RN EdERNELTEZE5EHMTHLH, Zhnli
DR LT LOBEIT BT 2EKOREZ BT 8T
LESOTHELL/Rv. NEOBNC X ) Lbuttas
PO LEDEEZ OIS h b LOMBIZEEL T
eh, MR ERT S5 X 53R EE L 706555
EOMEERM, Mn A NOBWKILHFET B EE LT
L5 fifEE 55 5. Fe-Mn-N &40 400°C i 3515 5%
LIS, Fe-N BE&DrhX D2 & ™3 284
LERQU LoD Ez bRD.

T EEO R 542058 LT amshisic kv, B
73 2EE C, NERXFETS 2DD 23— 20—
B RBEE L. Fig. 16 ORI, /et
Bl 2T IC I OEMIT X D 23— & ©— S B XAMETF
LTwS. 22— =204 FTHBEILHREILTZ

Bending stress (kg/mm?)

(o] 10 2 0
14 R no 7 3|
| Critical stress
2L o o (13 kg/mm?)
| ! N (ppm)
1o o 34

_ ( \
aL io\,4

! 1 1 ] i

6] { 2 3 4
Reciprocal of bending radius {10¥mm)

Snoek's peak height (O™ max.)
[ee]
T

Fig. 16. The effect of bending radius on Snoek’s
peak heights of specimens over-aged
at 350°C for 5min under the cyclic
bending of 50 times.

DE=IRFE LTEBNICLIZ DD LEEZ SRS,
E— 7 DofiR 35 T DT wis o TS AN &
DTCHEAT 2 03E%E C 2B N A3 5 T e
53 700°C pOBEANLAEETD R A~ -t
S TXI04 CELLTEB CRILIDTH 7.
Fig. 16 o _Eof#bicid ¢ =0.8 mm, £ =1.8x 104 kg/
mm? (¥ SEOIREKITFHE 25 350°C DIEA & i
), T=0 (Fig. | oEBERE Tid 7<0.2 kg/ mm?)
LT Q) RX VT EHERkDCHEDTSH %, Fig.
W 7 B2 57358 DTG 715349 7 kg/ mm2( R =1 000
mm) TH5H I ExFEE TN, [EAMIC X 5 EHE
TOLETBEERIGH (13 kg/ mm2) BT & TS % biF
DLERTEDTELRESR M EIEL DS D &
&% Fig. 16 @RIELTW5. %/ Fig. 16 384
R —5%E (5 min) DFECBONLERTHD, Zhr
LRI ER MO RE BEERHT 5 EREL 5 5
o8, T ENEHERAEETECLE ST, H5FF
TE D EIIFEL 185 720 0BRSS RN IL Xk b G X h
AR B 5.

4. EEmESOT (L

LOERBERCL E5E, EBREX + » 7 FESHK
ZIERBEHIIC X D THEET 5 DD EIE 4443 Table 3
TEFELDOLND. A FEOBEESLFEHETHS.
HEBERFDHE 0. 1%UTO M Btk w3 <h
REOEBBONDSD, PR IDEDOO L S 241y
ERO* v v 7 FEAHDH VT Y & FEOBATIE, =0
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Table 3. Conditions suitable for continuous an-

B nealing process producing low-carbon

capped-steel sheets haveing excellent
drawability and ductility.

Mn < 0.25%.
0 K< 015,
Maferial where
steel _ s _ 95 Aoy 59 <o
K—Mﬂ(/o) 6 O(/o) 32 S(/u)
N < 20ppm
Hot rolling Coiling temp. = 670°C
Annealing {700°C x I min)
Cooling rate (5-30T/sec)
Heating ) Over-aging
cycle g J(350% 450 x 5min)
2
Time
g
Stress / \v d <13 kg/mm?
during >
over-aging ~— Strip
Hearth roll

X S icEmicfyvy Mn i K EXRICD2TLE D
DOTHFE LL v, Mn 0LEFEE 0.25% H5H 13

INRED BT EGCEEICERT 5 2 EXEEEE X
Ls. ZOBETITRIMERE . & XIXEFICkT 50
HHLWESEOFEEICLY, K=0~0.15 7 5@ EER
AHciEons. ¥72-NE% 20ppm IFCT52ED
REDEFIC X 5 RMER» S R3BO TELHTH 5.

ERLE SRE OO SR PEER VT ¥ T AR AT D EEIE BhER & R
EF 55, CHRRASHBETREVy. L LAERERX
ik >T Fig. 4 @RLATEL T2 75— FEXE
LM ETHARERTRETHA .

Table 3 1T 331 % EHESBRY 1 & MBI X O—F
AR LIbDTHD, Fig. 3 33X Fig. 10 2»5RE
xha X5k, EH (£M0) mbx EFHT2 B8
700°C BE OEEsh, ok (507 + — FfE) mE%
FHHETHHESRX I D EHETOREM L VS X 5 WWEREE
ORIRPSVELLD.

BESHIEAREh E T WHNBEX Fig. 12 Rl T
L BIBDOUT AR RSB L IFT. WY
V—F 4 TN EE LT EFINSELITE Fig. 2
OB A 72 VXPBFE LWTHS 5D, OTAHEHED
TEHE A AREET DSBS A Z VYD E DB EYTH 5.

BRSO FTERIRNE, Ao BB VX VITIG L,
Fig. 11 #ZRB L THHCERET LI ENTES.

BRI C T BN 2o —UER (2) REAVWTE
HEsz b8 TES. E2E (2 Rk T 6=13
kg/ mm? (FEREF), E=1.8x10tkg/ mm?, t=0.8
mm, T=2kg/mm? GBEHE OELERES O MR
1~2kg/mm?) L§5%& 2R=909mm 2ELN, EE
ImBEON—Za —AREY LS.

ST X AL F oV RERIZE L Twign & v 5 HED
b d HH5, No FEMMID LTI IER Lo
Al v RS CAPL K X > TELH Tk D, 20D
LI EAEOOETFH Al LEEEL ALO it b Z &
fe & & ERE LT Table 1 R LA BIESHBEBESN
TWw5. Al Fov FERCBIT 5 EBEBER T OWTIELE
mETD.

5. #&%

ST X 2T, TR L iR b DK
# (0.05~0.069%C) *+ » 7 FEMR» G LNz F
LA EERIIUT O E K ENEND.

(1) ZDHED DD BEEFRMIE,

55 55
K=Mn (%) = 7¢O (%) — 55 S (%)

TeEAnD K {HH 0~0.15 L7 B{% Mn §H (<0.25
9%Mn) Toh5. HEPER LD NEFZESH 20 ppm
DT ENd Z B0 ETHD.

(2) BUEMR#H IR T SHgkoFEHR(L L MnS 10
BIE S A ASEEBESIE O D s L OEMEOHFEICER
LhH bR, Zhid KEOFER XU 670°C DL EOFE
EEBHICLOTELNS.

(3) EIEEESEE T, HEtEm B2 B LSER0
700°C T % & TOREHFFHEIE 1 min TH5TH 5.

(4) BEBECEDRL LT RILS xR L itk
A EIEE-OOBEEME LTI, EREMEOW
HNEREE R 5°~30°C /sec & L £ it L BRFENRE =
350°~450°C & F 5 DAL V.

(5) @rREFhhoEMRIC, »5ERE (FHoLe
#) 13 kg/ mm?) B LGB AMEND &, LOE
MEMNE LT T 20 TCERELLTRIL LR LD
KEXHEAMBL Y DE VKBS LVIGHD D & T,
B2 R TR T S 355 REES S D, L
AT HEEEF OGBS T, b 5%
FERMEE TR TED L 5%, THRELREEZDLON
— 20— VERE L Thidli 5w,

Bhhidich, EMROREXFH S -F AEEL
AR S AMALERERE, 7o 5O B Rk 0T 56 PaiE
EWECHELETDL L LD, TR S5ERZE
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