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Synopsis :

The authors have developed sheet steels for two-piece cans, drawn and redrawn (DRD)
cans and drawn and wall ironed (DWI) cans which have ultra-thin gage for high
strength use, excellent deep drawability expressed by high r-value, and less planar
anisotropy. Both good drawability (mean r value is higher than 1.1) and the non-earing
property can be given to tin free steels (TFS) with a temper grade of DR8 for the DRD
can be using low carbon content, controlling the coiling temperature during the hot
rolling process to be adequate, and employing lower cold rolling reductions in both cold
rolling processes before and after continuous annealing. Steels for the DWI can use with
a temper grade of T4 have high nitrogen content and are processed in the continuous
annealing line. The good deep drawability expressed by the average r-value of more
than 1.3 and non-earing properties of the steels are achieved by adjusting carbon
content in a proper range and controlling the coiling temperature during the hot rolling
process to be adequate. The steels can be hardened by baking after cup forming due to
strain aging caused by solute atoms.

(c)JFE Steel Corporation, 2003



AIRDOR—UHoEEBETEET,




BEHEAEDNENOY —E— RERBMRE - SR

Jil W BBk 5

25 (1993) 1, 27-35

Ultra-Thin-Gauge and High-Strength Tin Mill Blackplates
with Less Planar Anisotropy of r-Value

for Two-Piece Can Use

A e e Pl

Hideo Kuguminato

FIER Sk NP )
Hideo Abe Takashi Ono

T BIgAT SEEE SR WM TR FININE
MEmEREE 2@ H& HEEE

)

sl H5

Yoshio Izumivama

B E5
Akio Tosaka

#J1| NEEL
Yoshihiro Ohkawa

PBEMOTAT SR TRNN THH% TEMPE EINE

WA ORE BN AENEEER)
Y0 ()

FfEEmE R (MR

1 &

)

EHEBIEALRC LAY — YAl &Y — ¥ - AEFILDHE
b, AV—E—AFIE, SHEPT A7V -—AF—4 {chro-
mium plated tin free steel, TFS, J18 G3315) o Ay e —
7 — v CHERCMILiE, SEEaE ALE 71
R, EBE V- ABEE TES LR D UEE & E
DIEATERENLERTHEY, —F, Y-E-AFRI A
MU C—HERFBEh e BB I Y, ERo 2 BETHR S
SRR THELYY, F0 FrAMTEC LT, SDE (shallow-
drawn can), DRD { (drawn and redrawn can), DTR {F (drawn and
thin redrawn can)®®, DWI 4& {drawn and wall ironed can} #3% %,
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Synopsis:

The authors have developed sheet steels for two-piece cans,
drawn and redrawn (DRD) cans and drawn and wall ironed (DWI)
cans which have ultra-thin gage for high strength use, excellent
deep drawability expressed hy high r-value, and less planar an-
isotropy.

Both good drawability (mean 7 value is higher than 1.1} and
the non-earing property can be given 1o tin free steels (1FS} with
a temper grade of DR8 for the DRD can by using low carbon
content, controlling the coiling temperature during the hot rolling
process to be adequate, and employing lower cold rolling reductions
in both cold rolling processes before and after continuous an-
nealing.

Steels for the DWI can use with a temper grade of T4 have
high nitrogen content and are processed in the continuous an-
nealing line. The good deep drawability expressed by the average
r-value of more than 1.3 and non-earing properties of the steels
are achieved by adjusting carbon content in-a proper sange and
controlling the coiling temperature during the hot rolling process
to be adequate. The steels can be hardened by baking after cup

forming due to strain aging caused by solute atoms.
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Table 1 Usage and required materials for DRD and DWI cans

DRD cans DWI cans
Conven- | Light- Conven- | Light-
tional weight tional weight

Tuna cans Beverage cans

Usage Pet food cans

Can-manufacturing

methods Drawn & wall ironed

Drawn & redrawn

Matte finish tinplate

Chromium plated with an unmelted tin

Plating methods tin free steel

coating

Required materials
Temper grade T4 DR8 T1 T4
Rockwell hardnes
T scale (HR30T) 61 & 9 61
Proof stress =

(MPa) 340 550 250 340

. 0.17~
Tickness  (mm) 0.21 020 0.30 0.24
7 value =1.1 =1.1 =1.3 =1.3
dr 0 (aim) 0 (aim) 0 (aim) | © (aim)

2 DRD TREME  B¥#HEORR

DRD 17 — ¥ - AR O THEREY RELLT(, oW
SEXCH. TolbREYERE, A9BSR, v BEL
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BYETHRECELTED, vIrEP<, F 7— FiEA OB IO
BymcFELR T 5B,

fERL, WEO.2lmm, F/EH (JIS G3315) T4 (w2 v =1
THEZ (HR30T) 61, W4 340MPa) @0 F LR ELHFTLE
Bic TFS pifEbh U, BERBSEHTOR L & 37 -T,
2EFEE R & o iR - ¥ TFS, #/E 0.17~0.20 mm, DR8
(HR30T 73, fi#7# 550 MPa) A &h Ty 5, DRD 3Tl
WEkCEh: TFS e o BB R L, BEOMEHELFA
L, BERHESILTWEY, LidisT, DRD Hiom L A8k &
LT, vBEOEIMITY ., P2RBTED L 5, B
DEDIHETHL r lOF L DAERI R, LnLisin, &
PETH - TLEEEEO B ICHITHIESMET L, oMk
CTLBERELPT kot THE, LT3 5,
LbiEz e RETILERLDTALOT, LERESS
1EIOHD R O TH BT, BEOTHEFAL 51
fro COFEER, FERH LILES, BV ORER SR,
TLATROBEIC LY, BREDNIVZE, Thibb 7 HOH
ARFHE (4r) OB vy v A7) v FEAREIC o 591D,
AR AT BT, MEEE DML TA » PR T 3
Bro R, B EBEHmoMe s AAFNOER TS5, &
CEABMTRBELSERERL, TOEBMIEER I RERY
HADUFRE - THAS, 7 BOEHREHEET] - B BB T
BIAEEAREEERFAOO T TH S, dr DK & I
BMOMIEZT5E, r HOEGFRIZE-HEC B~ TERER
PUhE L BEOERMBK EVIH, HBOHAIELEDS R
BET 5, Thichl 7 EO/BVHmE, ERER AT, HE
MADEE oV DB WL BT 2, i, MEFROEEL
BakE, FIMZEOBELNEL b, LichiaT, 4r ok,
BETRERAE Y, DELEEIABLRAERDIDT, T
OREELRE BT DR/, FHOMNE b, B, Bhin
TTEEVMETIhTr4 7« =, sikicn b, SERHEL, +
OGN AR L TERRYEH 5 S ORENRE LTy,
BIEHEEORENE D L, 2, 74 T CARBE (Lis)
BRELLBT, Ry s vMITHRELY KX T B LB LA
<4}
rECEELYRITTRTELT (1) RSP ki SRl
WMOBFERRIT I DI H B B SRR, (2) SENERT
BRI, (3) BEEEDE FR™, (4) BHAEYS 50050
Bo rEDE L, A4r OERICE, ZhooRTAREETS - &0
BETHLD, GRRIKOMEC K- CIMEEA G- »E, ko
X5 BB, r LK E BEY RETAMNEECE FTEY
BR#CT Lo, BETHIRECBRIEECH2, LiL, WS
B AE O T IERE PEABEN LR O 90% (B0 HEBERET
T T5%) < LT A BIEE FIRE A 2~3mm L Ao D,
TORR, BEERMRLEAEL o, FEPORBEETFALE R
=T HEATE— e b 230D, Lictlis T, BIE TR
DRFCEREI YA ETEL LN E Ly, BAEETSER
CT(coiling temperature) % & & +Huf, BAER EREIEE
ieh, BROYITHom LCFE Ly (111) BEEMESEBY R
BIMLOEHNTES®, Livl, CT2HEBEwTZ & =440
WMOBBRETICE bcs 2 AR - 0HEENAE o oF
Vo Lo, CT REEROLE - £ETOHEOK Mg
ELTHERTEARELTC, 035 2, TEXIEHERNES
ELTCELSBESLETES, i, HESNFCE-TR, HE
PHEBEAS Lo T, BRI TEBAHERAE E L,
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2.1 By EYSTFRMERORET

BEREEOANYEEHNE L, AEOFEMET 5 itil, v - —
AEEYOD , TR VARBTAZ EATAIRTHEDL L L
FOBBREYHBCT->TELA ¥V 77T A P RETHEE -
EEEELYRELTY, B Ly REEL, BEoX &FHTS
DI ERTHAEEIOHN , T B LB L s,

Fov, WEO18mm, FHEEDRED TFSE¥HWTHy ¥
77 A EEDBRRAR T 7. ZOFER, Table 2 RTHEHM
T&ETHIE Hbl (Dalde) 1803, 7HEBTLHZ LS
WHeicie b, EREORM EMICTAA I ¥R LA, b7
BB (1) BoERER, Lz heElzes, (2) 4
LEHRVFOIITT VARHECHET TS, (1) HEH L=
EL, BHAEYREIECTS, 03ETED, LbFELNC0T
175 v LbhoRELMET I NELAHELO LB LN
BEECLEY, Fofy Fig. lornt, LS 2HER0AE
BTERMCERERDENEELL, B At e -2 D
PR ERLA VBRI T ABECE - o BfBEDO Lb
WXz HMNEHL, FOBTOROLIARELRECKIIEND
Mot ik, EAfE2~3BROTEzEETHST LHTO
£ b BREML o O AR ETIT 2 T

Table 2 Conditions of cupping test for evaluating double cold-
reduced tin free steel

Diameter of die cavity d, (mm} 33.45
Radius of die profile rq  {mm) 3.00
Punch diameter d, {(mm} 33.00
Radius of punch profile 7,  (mm) 4,50
Clearance/ Thickness clfTe 1.25
Diameter of initial blank Dy 59.00
Lubricant A
Blank holding force® BHF (N) 1962~6 867

= BHF is controlled as shown in Fig. 1

Continuous control
of BHF

= Minimum BILF at

i /// .///"constant BHF

= -

= . -

- N No wrinkling
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3

= ! N

‘f 4 Stepwise control

=

Z 0 Wrinkling of BHE

Z 5

= | :

E I

=} . .

Starting point

A\ /of drawing

End Boint Current drawing ratio (D/d,)
of

drawing

Fig. 1 Blank helding furce required to aveid flange wrinkle
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DA 10% T &P S WEME - MRC @ TEFinv .

F o, MEASHECRECT 2 5EHERE (JIS G3135) ©
EEW 254t CoflEErERRERFCBE 14 TER
B Elil, BH = ATERR () 2BHL, fabyyrE
(£ oEMEFAOTHEE (E) LEAE UE) ko, &0
EEERANS 7 & dr wEET A, ok, JEREEFERNL
T O(LY, 90°(T) H1ut45°(D) ARTEXWMEL, TED
Az L bk i.

01.44 i

f:(Etéasaz_ojm
Ar=0.031—0.3234E
E=(E_ +E;+2Ep) /4
4E=(E + E;—2FEp) |2

CHMEETRD I Ar b h , Ey I TFANETOL s F D
Fiok VTR ES & 48 (g Fig. 2 o) o3Fy Fig. 3

oL,
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N Number of earings

L&T earing

Ear height of drawn cups
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Fig. 2 Definition of the mean ear height (4H ) of drawn cups
(0° (L), 90° (T), and 45° (D) directions to the rolling

direction)
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Fig. 3 Relaticn between dr-value measured by modul-7 draw-
ability tester and the mean ear height of drawn cups
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Eint, xFEm3, HoREFME &r bNG w51, E
EAECH LT ARicEE Lty LE, 90° Has THL
LIEMET, 45° HFEICRE LA 02 DELE LAMETHSRE - 1.
B o8 bhfe 200, drit 4B L ISREL TR b EREOF
i ta@BATERZE Adod o tze LIt T, UTD7HEL
dr ORI ZOFEREH L.

2.3 BRECREBIREMEEZEREOER

FHCERE Al £+ 0 PR, BEEEIC R 3 8E EE
FE FDT (hnishing delivery temperature) % EH (A FEEEE S L
T) tREo2KE, CT2ERLFED 2 KBCHE LS5 ER
EiT -t 1 EIEOHBEEECHRRE 0.244 mm ¥ < LA, Hk
FERAME L7, 2 [0 H 0¥ EE ¢ THE/LE M LIFE 0.183 mm
(E TR 25.0%) THRIRL{EES, TFS & LA, LT - k.

Table 3 Relation between hot rolling temperature, mechanical
properties and morphology of ferrite grain in double
cold-reduced materials

tP:?rfpre?-ialtiﬂge Mechanical properties Ferrite grain
FDT | CT | Thick- | Tensile | Elonga- | Hard-
ness |strength| tion ness %S' ASItJ-EOCt
(°C) | °C) | (mm) | (MPa) | (%) (HR30T) ¢ | ™
770 | 545 0.183 573 d 77 11.5 11.3
770 | 618 0.183 560 3 76 11.0 10.7
850 | 530 | 0.184 596 1 77 11.37 11.5
845 | 620 0.182 605 2 78 13.7 11.0
121 FDT(C)
850
lae
b
<

AH(mm)

Fig. 4 Effect of the hot rolling temperature on #-values,
planar anisotropies {4r) and the mean ear height (4H)
of drawn cups
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Table 3w BHEIERE (FDT, CT) L3[EEE, Tk Iow
mMFELOMFELYTT, Fig. 4, 7, 4r, BI040 v RIF+
HUETRECREELY 7T, Photo 1 Kl Lizn , 7 0MELY T
T Th, rAOFBARTHCEART L RENERT L LT, E
EEMNC L4775 (222), (211), (200) HXo¥ (110) @ 4 EO XA
B AE LSRR Y, BMEERECH LTS =, F LAz
D% Fig. 5 iwmt, BAEED X% 213 FDT, CT &% %75,
FIERBECE S ~OoBRI/E v, Zhit, 2EFEEC XANTE
LA SR E L A CHEREL TV S b i E L bhE, r IS
WAL E FDT 38R T, CT AhB &l 7 EnxEL, &
B dr, 4H 3RS, oz 23 FDT piggiEe, CT sihiE
DEFT (222) EEESHAL, (110) HHREI M T &5
HBEBRBORELER NG L T2,5 » 70832 & FDT
BICCT HMEROL DREORENKE, 2, 7EBOLLE S
VA, FDT 2EEC, CT AREOLORE, L sk b imdind
EBd b1,

rEABEEEREC L b RE AR ACEARM T L3 eEL b

RD RD

I”W‘”’I”‘WW'WWWWW”

770/545 770/618 850/550 845/620
FDT ¢C) / CT ("
Photo 1 Appearance of the drawn cups

5 FDT{Q
850

7

X-ray reflection intensity {< random)
®
I
|
I
|
| -

03 ®_ _ (110}
er O‘;.O
0.1-
1 l 1 1 L 1 I L 1
550 600
CT (0

Fig. 5 Relation between hot rolling temperatures and the
textures in double cold-reduced materials
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(111} FHlirofgriEE+s®, Lal, FDT 4 Ans U EoRE
THEY, BIERTS v & A B E, BT (1) A
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EAREAKE RSB, AINDHELEEI R ZDT,
By C, N gL, ol Ih s, tofR, BE #
o (111) HREPRELLLEZBRS,

2.4 ERECEBTAEFTRORE

2EECEETFEES L, SREERRETI &b, &
AL R A e, WMEEEL L TREETR bR, v{E
CRIETEHTTOAEE TROBHEII{HMERTWEY, LAl
Fih, EHBET S cEECKIELR TEE r{EORFRIZ oL Tit
Iambh T, 2EEOHEREFEC L Ty i3T5
o EnFMEANN, £ C, DRDEALLT, EHEELEOCNEG,
ATV rEREEAB LS, 1EHEE 2EBOGELTED
B TEE LI,

BEREPHET L EHTCRLER L Al 240 VIREH,
FDT %@&E, CT 2o & THREEELT -7, 1 ERCKRIE
FET#EY 88% L 86% D 2 KETf Tl 2HEDHREETEIZ
0~40% ORBETEL S ¢l Fi, hEOLDIC 2 D EERED
WEAE, GANRD A, LA ROHER FERL70% &<, s
i B AR D RS TERIR b e ok, WEERICHE Y =
7 4 — AORHMEE I .

Fig. 6 i 2 BIEE O EFRE 47 L ofiFy, Fig. TeH 7=
74— A D NEREET T, 2 BEESMMEO 145 | 2ETHE2 0~
20% ¥ Tkt B, 25% T D LEFTR LIS
LasL, 1 EEOSERFRCE-FH L BnESRT, ETRD
Bk ht T, MELREA L, 7 v 4 7Y v SRS
AR bR

CEEESRE TOE T r 74—, EHEORETDHMEIT4
BAOFRFEEL, EFEABMLTLRALDETH . Thick

1.0
o ~2_ Cold rofling reducti
L& ~. old roiling reduction
06 N Y
) \\.

|

AH {rmrm)
=]

86 (%) ™o \\

j

88 (Y5)

Illll{ll\llll\llf\TILD
o]
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| | i ]
10 20 30 40
Deouble cold rolling reduction (%}

=)

Fig. 6 Relation between double cold rolling reduction of
sheets and the mean ear height (4H) of the drawn
cups
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DEHBh T,

FEAEO XROFEEL E 2 @EEDE TR - OBFY Fig. 8
T, 2 EEERE T, ETEOMMCE &7 - T (222) EH
BEAEEICEL L, (110) EERELES L, ¥4, BEASE
MR TIE, P EEOEERT (222) HRENGC 2E 8 oBIEE
TEOMMT & L - TE biT, (222) EMESHENLE, —3F,
(110) EIHEW 2B E OSEETROMMT X b A L, Lih
5T, BREOT{L (222) BRECELELL (HEL T2,
F7- (222) EmHEO LR, EymcL, TEOER LD (110)

Cold rolling reduction
RRYG %

After
After annealing
ana. Doubie CR
Douhlc M re (lugtmn

CR 1cd
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[ . . ) Lo b i At
I8 90 0 90 180 80 a0 0 a0 180
LDTDLDTZDLDL LDTDLDTDIL

Angle to the rolling direction

I mm

Ear height of drawn cups

Fig. 7 Relation between the rolling direction, double cold
rolling reduction and ear height of the drawn cups
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Fig. 8 Relation between the textures and double cold rolling
reduction
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001y AR JODHF/E (1000 011) FE o EFTrbinhd
EELZ LIS,

Fig. 6 i/mt & 9 2 AR ERREB CRABETRY 86% &
ECLAb o CERENEL{HH SN, chi, BHiscRS
HWEL, THE, *oBOFEECET3DEEAEETBHELE
S iRt STV IMIEESGREREEL RS,

Yo rE, rik LR LORMER G, SRS B
WARET L LRI MBRT VB, 2 EEESFCOVTIAN
ToRPRTE, hMITEFI2BoRkE 388 M -BE
BHDT Erbhats,

LIPS AEE LA, BgEae B 54 (Fig. 9 w41 5 —HBo
EREYTT) & riioBfE Fig. 10, firkvyvrRE0M
Fr Fig, 180 oot 23EE - B co, M S 0 B0
ZIHEERL, WAAG-ThoFms 0R A #HEIL, » Iy e
LTh, rENEBL 2 VCEHRRBAEE Ly, (111} HSAEl
W FENE L, dr &, BOREBET . Th EANICAS
BHbEFLWLDOTHDI Laibd s, —K, (110} &A% »
ERELLERAE CELT 20 CREHEZEL CLEh, 7
FLS e Lasl, (100), {110} £E5EHTL, BH 2 EE
P 7 v & A THNTERLE, »r HLEFHLH Lisy 2l
REFCOIBEEL, EHLOLE I v amT5o L,
Lizshia T, (1) ElEAE <, (110) mRECH L0 ER
EOMHEELTVE,

Naormal direction
of specimen

001> T

Axis of TA
the tensile
direction
Perpendicular
to the axis
) of tensile
Eulerian angles: 8¢ direction
Fig. 9 Definitions of Eulerian angles
b
[0
=
5.

Fig. 10 Relation between orientations and #-values in single
crystal of low-carbon steel sheets
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Fig. 11 Relation between orientations and Young’s medulus

(E..) in single crystal of low-carbon stee!l sheets
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LB+ 2o Sick b, BME - BT, BROL 17
Vv et ET S DRDEAFEN MRS v,

AR, FAEEE DRE(HRIOT 73), Wit H 560 (MPa) bl ko pgas
KT, REOC18mm EH#T, #0552 FEME FEL.1 L)
B, VAT v IR I TGS,
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temperature on #-values and their planar anisotropy
(4r) of tinplates
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Fig. 14 Stress-strain curves observed in high-temperature tensile test
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