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Synopsis :

The effect to "warm press forming" on the press formability of stainless steel sheets in
deep drawing and restriking was studied. The result indicates that the press formability
of both austenitic and ferritic steels is markedly improved by the compositional control
of materials and the suitable selection of warm press forming conditions. The application
of a newly developed heat resisting lubricant which can easily be coated and removed
because of being water-soluble is to make industrialization of warm press forming
possible. It is noted that the problems of delayed fracture and ridging associated with
austenitic and ferritic steels, respectively, during conventional press forming at room
temperature can be avoided or reduced by the employment of this press forming

technique.

(c)JFE Steel Corporation, 2003

ANIRON—V N bEETEET,




AT D AERMROEBM TV AKE

BHE mEY N OEY

*1 Ny B8 35

17 (1985) 3, 315-322

Warm Press Forming of Stainless Steel Sheets
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The effect of *“warm press forming’’ on the press formability of stainless
steel sheels in deep drawing and restriking was studied. The result indicates
that the press formability of both austenitic and ferritic steels is markedly im-
proved by the compositional control of materials and the suitable selection of
warm press forming conditions. The application of a newly developed heat re-
sisting lubricant which can easily be coated and removed because of being water-
soluble is to make industrialization of warm press forming possible. It is noted
that the problems of delayed fracture and ridging associated with austenitic and
ferritic steels, respectively, during conventional press forming at reom temper-

ature can be avoided or reduced by the employment of this press forming tech-
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Fig. 1 Temperature dependance of tensile properties of SUS
301 austenitic stainless steel
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Table 1 Tool dimensicns
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Die | AMPCO metal woxzro b~ | 1w | s [P (comer) | 700R ‘ —
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- ! ——
Table 2 Stainless steel specimens used
Thick- l Composition (wt %) Properties
Steel C o T
ness - : - PS T TS El
B SEERE Nx} Cr CuL Ti | HV Mkanmﬂlukymmﬁ (%Jl Er |CCV
SUS 304 1.0 | 0.07 0.018 { 0.51 | 1.65 | 9.06 | 18.72 — — | 160 27 I 65 58 ’ 12.8 | 45.5
R 304UD 1.0 | 0.08 0.039 |1 0.49 | 1.50 | 6.9 13.7 2.9 — 139 24 { 69 58 | 14.8 143.7
R430LT 1.0 | 0.0010 | 0.009 | ¢.44 | 0.45 | — 16.5 — | 0.55| 153 34 50 31 ‘ 9.4 ‘ 45.1
SUS 301 0.5 10.12 0.02010.67711.057.05] 7.1 — — 187 27 ’ 78 56 | 14.9 | 44.5
SUS 430 1.0 | 0.06 0.015 | 0.5 | 0.6 — 18.2 — — | 160 35 ‘ 45 28 i 8.8 i 48.1
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Photo 1 Appearance of hydraulic press and heating system
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Fig. 3 Relation between die temperature (7y) and limited
drawing depth ( A} when punch temperature (7)) is
kept constunt at 20°C by cooling
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Fig. 4 Change in optimum drawing temperature on the basis

of combination of die temperature (7T},) and punch tem-
perature {T}) in austenitic stainless steel
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Fig. 5 Relation between austenite stability (Medy) and draw-
ing (die) temperature (7T}) in austenitic stainless stee!
{punch temperature T,: 20°C)
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Fig. 6 Change in optimum drawing (die} temperature (7T})
with carbon content in ferritic stainless steel (punch
temperature: 20°C}
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Fig. 7 Relation between die temperature (T}) and maximum
drawing force (punch temperature 77, : 20°C)
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Fig. 8 Schematic comparison of limited drawing ratio in warm

press forming (LDDR;) with that in conventional press
forming (LIDRy)
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Fig. 9 Change in anisotropic parameter rtelated to residual
fiange width (4¢) with die temperature (74} in aus-
tenitic stainless steel
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¥ig. 10 Change in anisotropic parameter related to residual

flange width (4]) with die temperature (T3) in fer-
ritie stainless steel
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Fig. 11 Change in depth of wrinkle on flange of R 304 UD
with die temperature {Ty)
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Fig. 12 Relation helween drawing limit and austenite stabilily
{Mds) in drawing at room temperature

Table 3 Delayed fracture test result at various drawing (die)

temperature
Steel | Mda ~RT (30°C) | 60°C E 80°C | 120°C|150°C
A O O O o | O
R304UD | 7°C || -
B X O O O O
la| x olo|lo|o
SUSH01 | 2°C —————f——|————|——
; B x X ] O O
A: RT (30°C) »x 104 in air
B: 80°Cx1h in water
(: No delayed fracture
x : Delayed fracture
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Ta=20°C Tu=80"C

Phote 2 Appearance of drawn bodies of R 304 UD with or
without delayed fracture after drawing at rcom tem-
perature (20°C) or warm temperature (80°C) (Ty:
drawing {die) temperature)
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Fig. 13 Change in martensite volume ratio after drawing of
austenitic stainless steel with austenite stabilily
{ Mcly) and die temperature (Ty)
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Tig. 14 Change in restriking depth 4, with primary drawing
temperature Ti and subsequent restriking temprature
T (primary drawing depth &, : 150 mm)
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Fig. 15 Change in total press forming depth after restriking
(hz) with drawing depth (21) when warm press form-
ing is applied (drawing temperature T;==80°C, re-
striking temperature Ta=20°C)
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Fig. 16 Amount of martensite transformed at different posi-
tions of bodies during primary drawing (Temperature
Ty=80°C, depth k=160 mm) and subsequent re-

striking { Temperature Ty=parameter, depth 4h=20
mm)
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Fig. 17 Influence of drawing temperature 7 and restriking
temperatures Th on flatness of wall body (drawing

depth 150 mm)
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Fig. 18 Change in bending load ir flange after restriking at
20°C with primary drawing temperature T} (drawing
depth=150 mm, depth after restriking=180 mm)

fehi, vv rhEomMTTHBEEREY D85S hb, Teh
A F g PAIRERRRVCIENEENS, BB LCY AT
5 4 7 ¥ (Fig. 14) & EoMiED £ b ¥ B85 L Ti=80°C,
T:=60°C (R304 UD o) R E L,

YA Y A 2 EOEBEOEROCHE 2 OEREL LT, BT
B 8 ¥y — DT AR Ry Fig. 17 iRt 1D EE
Ty=20°C (ZE#) P& as-drawn T 5mm PJLEOL HERL,
DALFA 7T L -CHED T DRI, 2HVATFA
2B T: X 5ELL DI, chicil TWi=80°C OB4L,
as-drawn T T1=20°C ©l_RCHFIDETHELRE, ZLTY
A TRECEIRETL, Te=60°C fhiciuhirT,
oy R301UD oBa o BEMTHEE & LTIHEo I L <
T1=80°C, Tu=460°C #ERL-HEHO—DTH %,

EHIVALI A PHBEOEBEOEIoERELC YALLIA
TR Th=20°C Cif-hnbo 7 7 v ool mEoE{LE
TABEE DB T D Rcst Ui R4 Fig. 18 wwmd. 2 O

— 129 -

Table 4 Examples of compositions of new water-soluble lubri-
cant with heat resistance

(wt %)
TTT— - Type }
Elment ™ —--—..___ ____ ‘ A l B } ¢
Boric trimethy! | 10 ‘ 10 10
Machine oil i — \ ] —
Polyethylene glycol B 777‘ -— i — 5
Methanol/1,1,1 trichloroethane | 90 ‘ 85 ‘ 85

B bhuf, BEEIICY-TY A LS 2875 v SHIFRED
RELETL, SREICEATRK 25% RECHERDI b
bEhin, ChIREREFC X - THEH0 7 7 v 8o TEEs
WERERLEDTHDL, Lido T BHMTI 2RI THEY LK
W B L rtet, ks, YALFA2RE T XaliFwmEsD
TN Edr ot

3.3 AR

BEHEY S LUEBY A 74 ZiEvdiibTai R4 b
Dok, THEBMECE L, PR ZBEEARITT, oM
B i EEE o BRCH 5, BEO MBEEH LT
i1, AFRTLEHE L MoS:, Hawix WS a7 7 2+
v 77 ¢ BB BE, TR LB, (RN BREESE
BRI 7 L AT E DT,

FIT, SORROGTEAEN LER, FLCEE - KRBT
FERIRBER LED, BROF -2FF+4 PRAT Y L AHE LT
T e T4 L RAT Y L AMOEREN Taldtk & o OFRERE 2w
AL L L VEEE M e Y A T 0 2 ITAT
e & ig o futit®y

T OFEROMEFE, ARsvHELAHhTENSEL, ThiT
g, FBEEER SRR L kEEo s D TChS, Tk
FvrTEfiTasE, SmERFR LY IV FEECHEL LK
B L 2 TR EAE L, FOtdr Y 7 v 7 RE K 7L
2. ZAC X - T SR dik & SRS S h D Hi
FIOMEBE % Table 4 yF-d, TR & 5 wRAiEs L~ 7 i
B, AL —g, Bl e n -2 - K ORAITETHRE
TR, ¥ THORERREES X, Kk B FERAR
DUTHTLERCBREL 9D, ShizEnbbha ity v
e o wERE T O THRAMEOTED /1 Aol
Lo LML LThTFBR G,

R304UD ¢ SUS301 offiffic 2R D & X o S
b TOREER (414K XIRRR) OIS, FEKREFR I THE
vFE & £ A AEOEFRIOBTAI G Y & 0TV THE
Li-gsis Table 5 wmd, chECRL-ARBEE - HLD
D X3, MoS: RifEMEN A HBRIDELET B, (EREL
Bkt xdn CEEMTH B fE X o AFEN oKEENRE R
PLTAT v L ASOERE RSB T HOBS, EiR
&ﬁ@(mC)@ﬁﬁﬁbﬁéﬁﬁﬂ@LOLT&&A&ﬂL(%
D, WD OMEAE -7 S ERL . SHITE DEES B
X o T A S ENRARS AL D BEECASRIRILET T 5 TH Do
Zhin 2 b 414K B OB oL & RIS BT
DR AT, TRE D hREAET <, MoS FESLALE
N3 BREDICEGTLEED I FIOM ) B - LERH
Bhiic, o HITAFIAGEEDRBEEER (- TR, BREik
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Table 5 Lubricating performance of newly developed heat resisting lubricant in warm drawing {mm)
7 ! 414K o
Punch side JH P MoS; PErt) o Pk
A ‘ B \ c
414 K* 414 K®
Die side PooJEn J## MoS: MoS;
| A ‘ B[ ¢ A ‘ B \ c
| RaoauD | 15 | 1m 130 170 ‘ 185 | 140 ' 148 | Drawn | Drawn | Drawn
RT e S ! - :
‘ SUS 301 95 135 105 132 115 } 121 130 125 135 151
l R3304 UD 122 170 Drawn Drawn Drawn ‘ Drawn Drawn Drawn Drawn Drawn
BOUC e e Ce— —_—

‘ SUS 301 90 130 Drawn Drawn Drawn ‘ Drawn Drawn Drawn Drawn Drawn

* J. Conventional water-soluble lubricant
#1* PF: Heat resisting plastic film

Drawn: Drawn through

AV R EEERE, ThbbElRs v RCADomKI R
B X - T 75 v s Rl ffn 7RO MG R L b o biEEc
HEABR IR DD THL, = HIE Y FHCHMES 7 25
7 A MARBETBEIERI D MoS;, JHl, 414K Fowvh
ERWTHEETAET S, L AMK H L ORARH¥ICEs
VTt R 304 UD 0RRK ¢ 0BE, © OhEEEREHTIs - TH
DR U, R LIS 7 A5, 77 o L aDERCEL
TN THEORENAFHCESNEC S E LSS,

BEol sk, IBEomBEmEsom L BRmIERET
S} BHLEEST, ATV VASOBELYBER E o A b
G4 PR ENEES Vv AMTOP TR L foo ¥,

4 ¥ W

AFVUASIO T VAREBCEL, FAARIUF T v 2has
—WR gL, AV FEABHT RREBINTEC SV ORR LK
Bz rlbblkoXHiitd,

(1) EBErUgEmcirmTELERLLER A —-A2A7 3171
By, 7294+ BRELEAERE D EORENED bR,
EMTERBIINEOBEST — A7+ 1 V REED, FiikEo

* 414K: Newly develeped lubricant'® (easy working, good removability)

BECHEROBELTTE, 5 BRI, &1 ARMEH
AOBBHOET & 4 v+ EAMOBEIN oMiic L - Thi:
LEND.

(2) BEHEgIRECERCI Y7 v oy ORARL, 4 -~

Fr A4 P ROEBEHML, 7= 74 P ROBEFEITE, Lb

BREmEE bEd+5, sRBENC LT —-AT 1

FRTIEYRN, 7T RV SV SRR ER S,
Lo p T AR s ke dbh, 2HDIAFT 1

TSRS ERE, ik 2 ROMEMNTEE:, SN

e mEo By ER T2 E, R304UD off thEhil

80°C 3 X U0 60°C L7ph,

(4) EMINTEE UK EECTAEEER LR L. Zhik
MK BRI £ - T 7 3 v 2 BEC K7 BOEELRTE b
LT A TR TS 2 2 X - TR AL
LT, fREMLBREECT R, oMEERLRMNIE
OESIY-T, EFrv—FOAT v VABTHLEERD kX
Ciamie 2 i IHAEL 85,

Ko b i S © BRw SLE T - o BREER R il
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