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Deep Drawing of Commercially Pure Titanium Sheets

Taisuke Axamarsu, Shizuo Uxira, Katsutoshi Mivasaka and Shi Menc

Synopsis : The technology of deep drawing of commercially pure Ti cold-rolled sheet for obtaining drawn cup without defects was
developed. Oil hydraulic press of max. 490 kN punch force and 98kN max. blank holding force (BHF) and 300mm/min
drawing speed were used. Ti sheets (TP28C) of 0.8mm sheet thickness (t) were used. The punch diameter is ¢40mm,

and various punch radii were used.

First, blanks lubricated with machine oil were deep drawn. BHF values were calculated by Dr. Fukui's formula. The
limiting drawing ratio (LDR) was about 1.8, inferior to steel sheets.

Next, two 30um polyethylene (PE) films were used on each side of the Ti sheet and BHF values were calculated
by Dr. Fukui's formula. The LDR increased to 2.5, but large and numerous wrinkles were found. When the BHF was
increased to 98kN, only traces of wrinkles were found. Last, punch lubrication was eliminated by the 50mm center hole
of PE films of the punch side. The BHF was also 98kN. The LDR increased to 2.6, but severe earing was formed.

As for the effect of r, on LDR, when 1, is smaller than (4~6)t, LDR somewhat diminished.

By adequate blank shape, this earing was nearly eliminated.

Key words : deep drawing ; lubrication ; polyethylene film ; pure titanium ; formability.

m

1. #&

TERMTF X o DRDOEFR b HZB L T, D.H.Lloyd?
¢ MLAtkinson?Diw X % £ % % T, D.H.LloydD# 13 /%
SHIT5mORY) ZF v (PE) 7 4 v FHC TR T
5%, BYWP2.63IMEORIBHONBELR 2 £, KA
VEaDR 1/ 3RBRERED LN, M. AtkinsonD 3z i3
D.H.LloydD#H X s ¥ DEEREIFIHIN T T, PEZ 4 v
LEERLIBA L, SRAMB L E LU TLPEZ 4 v
PHALLET— 22 HEEOFT—& LHIRINTE Y,
F R DERYMEDBAL (FHEFERKY ) 2l L OBMRTIR
INTW5,D.H.LoydDia X DERIZIELSFIHINTC 3
P, HIESRGFRELAEHEINTH LT, 372, Lbill
AN DO TR FEE vy,

B 6 YDHMF X > DFEK b DO 1212, MOLYCOTE%®
WRALT, TR IEIHI2. 6B LIZEDWMENH L5, L
D ZHIE5.88kNELEELINTVE3DATH 5, a6
FiF X DFERY CRLT, SHASER ML TIEKY
A2 350U LIMEL T2, LOWLIHIIRER
LTulew, 372, ABLORF XV OFER b % B—FK
FMEERICLY, RUOFHEPOEMBLZL VRERY
(LDR)D KRS Lotcb LT3, Lbiia LT
BRAESEBEOWHMEDRFTOLDIZELTCADATH 3,

—H, FRROEER CE L TRAES 6" HILO R B
HERZ T L THEEL TV 5,

I F R DT L EE r EDIER O 138D TR &
SIBEbLNZY, EBIIK- TAB LBEDOK Y FMBTIX
T T L2 EXFE LD L3RR L T 5,

LLED X 5, 2 D0 TEHCLDRYSEB LA LD
HEREDHEY, ZOREFRMFEILTLIHEATH S L
AW, FEHEGRTIROMF X P HC TREDFRY
EEPLICEZA, BrfECdd»rd 6P TR R
HWTDHo, 22T, HERMFZPEZ 4 v 22 HC THK-
722 2AEHCLDRYELNIZY, LLbORAEIE L A%
ELTOMERAL L DThHh-12, 2Dz, Lbifx
NEHMEI T TR-1CETAH, LLDRELEL TS S
CEDVHBL, RUFEBPEMBCTAZEICLD, B
LUECLDROEHRVH/BOLNIDT I 2 LT 5,

2. RERFFE

EHOOMHLHER v 2DOEB IR Y FHEL90
kN, L H# 2 H198kNTH Y EEI1ZH300mm/minT H 3,
R FLEA 2DOBFE#Fig. 1 2R T . B0 Fil 481240, 0mm,
XA A BEEIZ42. 1mm (2 Y 7 7 > 2131.05mmT HRE D)
1.315), RO FARERrIIRED 1 ~25ED 7T, &4

P 443 H2TERAT PR 545 A14A2E (Received on Mar. 27, 1992 ; Accepted on May 14, 1993)
* TR GR TR AREZEHIR) (Kogakuin University, now professor Emeritus)

* 2 T%#Pi k% (Kogakuin University, 2665-1 Nakanomachi Hachioji 192)

* 3 THBERFEARERE (B ) 22 =) (Graduate Student, Kogakuin University, now Mikuni Corp.)



Blank holding force
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Fig. 1. Punch and die dimensions.

Table 1. Chemical compositions of Ti (TP28C). (wt%)

Fe (0] N C H Si Ni Sn Al
TP28C[0.033({0.04210.004]0.0041{0.0008|0.005(0.014|0.012]0.004
Table 2. Mechanical properties of Ti (TP28C).
Average value=(L+2X+C)/4
Sampling Gz |Oe Total Uniform n r
direction (MPa) | (MPa) lelongation(%) [elongation (%) [value{value
Longitudinal(L)|153.9{300.8| 48.3 37.7 10.26|1.46
Ti Diagonal (X)|200.9(282.2( 55.0 11.8 |0.13]4.39
(TP28C)| Transverse (C)|205.8|303.8( 41.1 7.2 10.07|6.79
Average value [190.4]|292.3] 49.9 17.1 [0.1514.26
Conical Cup Ualue Erichsen Ualue
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Fig. 2. Erichsen test value and conical cup test
value.
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Fig. 3. Relation between material, lubrication con-
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and limiting drawing ratio (LDR), maximum
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Con- Drawing ratio

dition 2.375 2.500 2.625 2.750 2.875
A
B

A : BHF; Fukui’s formula

Lubricated by PE films (302m X 2 for each side of sheets)

B: BHF; 98.0kN

Lubricated by PE films (30xm X2 for each side of sheets. punch is not lubricated)

Fig. 4. Difference of appearance of drawn cups of circular blanks by difference of blank holding force (BHF)

and lubrication conditions (T1i, r,=8.8mm).
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Fig. 5. Thickness strain distributions at 2 different
lubricating conditions.
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Ti, ¢105mm, r,=8.8mm, 98kN, lubrication condition (3)
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Fig. 7. Thickness strain distribution of drawn cup.
Ti, ¢105mm, r,=8.8mm, 98kN, lubrication condition (3)
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