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Effect of Hot Rolling Process on Deep Drawability and Ridging

- . eqe .

) Tendency of Ti Stabilized 17Cr Stainless Steel

Yasuhiro NAKAGAWA, Tetsu SAKAMOTO, Isamu YAMAUCHI,
« Taketomo YAMAZAKI, and Manabu UENO
Synopsis:

N Hot rolling and hot-band annealing conditions seem to be very important factors to produce the
final sheet having a better deep drawability and fewer surface defects for Ti stabilized 17Cr stainless
steel.

) Two kinds of experiments were performed to investigate

, (1) the effect of finishing temperature with and without hot-band annealing on the plastic strain

ratio (r value) of the final sheet,

(2) the effect of finishing temperature and hot-band annealing condition on the ridging tendency
of final sheet, and obtained the following results.

Excellent r values are obtainable by decreasing the finishing temperature without hot-band annealing.
But pronounced ridging is formed by omitting the hot-band annealing.

Ridging can be diminished by eliminating the band structure which is formed in the center layer of
the hot rolled sheet, and the elimination can be attained with a combination of low finishing temper-
ature and propriate hot-band annealing temperature.

The lower finishing temperature is favorable as it facilitates the recrystallization of the band stru-
cture with a lower annealing temperature.

The hot-band annealing temperature must be high enough to complete the recrystallization of the
band structure, but not be so high as the grain coarsens to become an origin of the orange peel.

The appropriate annealing temperature depends on hot rolling condition and Ti contents.
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Table 1. Chemical composition of specimens.

Specimen No.| C N Ti Al Mn
| 0.008(0.016] — — | 0.l0
2 0.005/0.002| 0.03| — |0.20
3 0.011/0.003} 020 — | 0.25
4 0.005/0.016| 0.25 |0.033| 0.25
5 0.003|0.003] 046 | — | 024
6 0.007|0.010f 0.24 |0.012| 1.50
Cr—16~17%

Table 2. Processing procedure.

] Vacuum Melting ‘150kg Ingot |

L Forging t=25mm '
L Heating 1150°C I
O Deep drawability investigation I O Ridging investigation

P |

Hot Rolling t=5.6mm Hot Rolling t=4mm
Finishing Temperature Finishing Temperature
800°, 750°, 700°, 650°C 850", 750°, 650C

3 1

Hot Band Annealing Hot Band Annealing
850C X 10min 10min

800", 850°, 875°, 900", 925°, |

950°, 975°, 1000°C

Ijrimary Cold Rolling t=1.2mm—’ l
l L Cold Rolling t=0.8mm j

[Intermediate Annealing 850°C X10miﬂ

l
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stretched by 15% to the rolling direction

Fig. 1. Evaluation of riding and surface wrinkle.
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Fig. 2. Relations between the hot-rolling finishing
temperature and 7 value after final anneal-
ing. (In case of no hot band annealing).
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Fig. 3. Relations between the hot-rolling finishingl
temperature and 7 value after final anneal-
ing. (With hot band annealing of 850°C
X 10 min.)
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Photo. 1. Microstructures of hot-band annealed sheets of specimen No. 1 (Ti~0%)
(F. T. ---Finishing temperature, A. T. ---Hot-band annealing temperature)
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A.T]
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800 850 | 875 | 900

925 950 975 1000

Photo. 2. Microstructures of hot-band annealed sheets of specimen No. 3 (Ti~0.209;)
(F. T. ---Finishing temperature, A. T. -.-Hot-band annealing temperature)
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(200)

(a) Finishing temperature : 800°C

Center layer (200)

Center layer

(b) Finishing temperature : 650°C

Fig. 4. (200) Textures of specimen No. 3 after hot band annealing at 850°C.
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Fig. 5. Final recrystallization texture of Specimen 3
(Finishing temperature 750°C)
(Hot band annealing temperature 850°C)
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VWh. ZHIRA DY 55, BEE BRE OB IAE ¥
FMIs X OBE E LMICE R Tl &3, BIERE/R % LIR
ERLTE LD T, KR EM oA {111} o smE
DEEL Te b, BVEM R OMENRRD bR B Lk
NTWHHEEL—FKT5.

Ti ZEHEMLIET7 =54 PRAT v VASROEIESER
HRERE & RS & OBEI OV T, WL DD
MDD B, Yantag 51251 13Cr fliconC, B&

Table 3. {111} and {200} pole densities of speci-

mens after final annealing (specimen
No. 3).
e {111} | {200} [(111)/(200)] 7
650° 7.8 0.64 12.2 2.0
Eg 700° 6.2 0.75 8.3 1.7
lf el 750" 44 0.73 6.0 1.3
“ [ soor 56 0.70 8.0 1.7
£.| 650° 5.1 0.59 8.6 1.7
QE
£s| 700 6.0 0.62 9.7 1.9
Eo| 7500 45 0.71 6.3 1.5
3°| 800t | a9 0.80 6.1 1.6
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Hot coiled sheet finishing
temperature 800°C

Hot coiled sheet finishing
temperature 650°C

Hot coil annealed sheet finishing
temperature 650°C +Anneal 850°C
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temperature 800°C + Anneal 850°C

Photo. 4. Electronmicrographs of precipitates in the sheet (Specimen No. 5)
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BUE DL A3 E B RREIMER 7o 5 012, BERBI
EEIhDBELENMERBEEDOFA A XL, BiERLRY
T BeDEELBND. & DOEBTEDID D TDIT,
0.20%Ti oK} No. 3 L, 0.46%Ti o3k No. 51
DT, BER O BERELESY MoK, #ic X (321)
EPTER OB DRDIFER L Table 4 R4, &=
OB LAE LS, BREELBIIBIER TIREIMEL
BEXREL, Fh TiEBNRESEERE W, Lo
T HEAEEOERERELABOE L LTHERT S -
EDRETH B, BINCE bR ADIE, BIER OO
ERETE T, 1ZEALEERBRCENE - = & TH
H. ORI BT, FOLEOS v FEBITERELN
Dig i LEFERRERERL L 0 @y &5 B R
WHETH D, O & REI & OB RRE DXL, B
JER CORRFILDERC LD &2 ARK I VO TIE e
mEEZbBRhA%.,

LAk, 17Cr $RA{ER, S=EL Ti % Rl
f, BIERELY T, Ti Rt CkdiicREc
BUENBE I & LETZUE, V2V 70X ho TR
BAE LN D & LRl _Tchy, VD A BT DAY

Table 4. Results of strain measurement in hot—

rolled sheet from (321) peak of Mo

Kg line.
Specimen Finishing e (x107)
temperature Surface Center
No. 3 850°C 0.35 0.37
(0.2071) 550°C 0.50 0.51
No. 5 850°C 0.46 0.44
(0.46T1i) 650°C 0.68 0.68
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% 66 4 (1980) %6 =

BLWIIIAERIhS LD, ZoHaE, Ti ©
Z O T, NI OIS Lis R
DS . PLIEIIIFDR RS R E & HEBEA B D, R
R L DR TARETLEE LT Nb, Zr Ie %
2 bRBD, ZROLOTLEERRIN LI ROZERICOWT
X, KBCHRETHTFETH 5.

5. # 5]

TiwMERSE 17Cr OB i, YV o v 7Hes
IIETHEIER X OBERE S & Lo EBYRETS
fodd, 2EEOEREIT, KO X 5 fERo B bhic.

(1) WiEEE/sE LEBO r iy, BERTIRERER 700
°C TR l, BUERERE LEThiwBa, FEC
BWERRT, Vv ImRR Ry, BYERBE
LEfT5 &, rERRRWA L, BIERTIREOKEN
Diclins.

(2) Vv r7EoRdERCHMT, BERPOLE
T b S v FHEBNBIER S LOBRETHERAC X
DR L, LosdEESRAMWEER Th DHAR
Bohs. REEMT, BERTERE, BIERRREL
G, Ti @EEOHAGHLRBCIDTREINS.

(3) BUERTEREWRERTHDERE, ~ v IEiEo
FELBEMETL, Li2oT, BJENREESE URE
BEL TEXLDTHEMTH 5.

(4) BEHBECE LIT, S v FEEy EERL, L
2R AL Ul BEFH ©fT 5 & L 2BET
By, BENERBESR L, ALrvy . E—ARBEOER
WAk ELIes. REEREHRARAEKTREERS IO
Ti SHBCIOTRSEN, AR E LoJH %
BRI E UL, RESEAELIVAENTHS.

(5) Ti %ML, roBYHETI Ly, ki
DE&MR TR T HBIER T IRERE SR < O 5 23
D, FBENRBEE LREXERMCHEES Z LT
BEIC e B.

(6) LIEoERE»D, Ti A7 =51 FPRATV
VASHOBECE L, BENREEE LTEE, Y v
WrWET B DRI ARTROTETH S0, o r
B EOE? bR LA <A + 2 OHFFE TE
THDH T EDbhD.
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