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ABSTRACT

Deep drawing process is a type of manufacturing process in sheet metal forming widely
used in industrials fabrication such as automotive and electronics industries. The purpose of this
research was to study the deep drawing through the hydrodynamic process which is the usage of oil
pressure to facilitate in deep drawing to improve the performance of metal sheet deep drawing.

This research examined the deep drawing through hydrodynamic process using TISI 3
standard hydraulic oil with 68 mm’/s viscosity in accordance to the kinematics viscosity at 40 °C
degree and at 3 levels of oil pressure, namely 5, 10 and 15 MPa The SUS 304 and SUS 430 stainless
steel sheets were used in deep drawing with 2 levels of deep drawing force which were 3.9 and 7.1
kN The influence of factors on deep drawing force, the punch force acted against the work piece,
the primary work piece in deep drawing, the changes of work piece thickness and the stress
occurred on the work piece had also been examined.

The experiment results revealed that the influence of stainless steel sheet deep drawing
through hydrodynamic process with the usage of maximum deep drawing force and punch pressure
was higher than the traditional deep drawing. The deep drawing with SUS 430 stainless steel sheet
was not feasible in all deep drawing conditions, whereas the deep drawing with SUS 304 stainless
steel sheet was feasible in all deep drawing conditions with the changes of the mean thickness of
3.58%, the mean major stain of 14.06% and the mean minor stain of 8.50% which were lower mean

there found in stain the traditional deep drawing process.

Keywords: deep drawing, hydrodynamic process, punch force, blank holder force, kinematics

viscosity
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a
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31N 2.1 AMFIPAITNOVVBINIUAN @, UYBITARNIN) [14]

uﬁ@ a
Deep-Drawing Steel Sheet, RSt 14 (SAE 1006) 1.05-1.55~ 1.30
Austenite Steel Sheet, X 5 Cr Ni 18 9 (AISI 304) 0.95-1305~1.13
Drass, Cu Zn 37 (UNS C27000) 0.92-1.27 = 1.045
Pure Aluminum, Al 99.7 w (AA 1050-O) 0.99-1.22 = 1.105
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[ =

3) msesnuuULLRNRAmMSuMsamIuglan
o [ 1ra 4 dg‘ = 9
dmsumseonuuuuuiui Tuaszuiumsmsanvugilangldtensanszuen
E4
annsasonldasae T [15]

v v Y
1. ywauruFuOusududmsumstugldlensanszuen [14]

D =./d} +4d,h (2.9)
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2. VUIAVDIYUABLTNN [15-16]

~0.035

s
. \Nmm

x[50mm +(D —d]x~[s (2.10)

9
Jd o

1 v ra Y
3. JEYTHFDIINUUNNNWAUTIUAY [15]
@ =S+kx~10s Uin  w=sx

(2.11)

Taof kAo Alszneuvediag (Material Factor) A1319% 2.1 An)sznouueside (k)

M50 2.2 ANJsenoUULIIAY (Material Factor) [15,16]

Material (Man Jaguannannuiouga agiitiie
kin vmm 0.07 0.2 0.02

1 Qy 3 Aq ¥ 1 Qy 9 1 Qy A 1
4, UIINALUNUBUIY LﬂulliﬂﬂﬁlcﬁﬂﬂllwucﬁuQWH Iﬂﬂﬂ'liiﬂﬂlﬁllﬂﬂ‘]fﬂ\ﬂu NANLANY

Fuaulaensa [14]




Y
1. USIAUUDINUNALUNUF I (Blank Holder Pressure)

d Rm
=1(8.. —1+ x 2
p [(ﬂactual ) 200>< Sjl 400

F4
a [ v

2. WuNAIFUAAUDIHUAATUY (Blank Holder Area) [14]

d,=(d+2)xw+12xr,)
3. USINAUAUFUIIY (Blank Holder Force) [14]
Foy = Agy x p

E4
4) usalumsanaugll
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(2.12)

(2.13)

(2.14)

(2.15)
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dg’ =2 o Aq ¥ dgl = d? =2 o 4
a1ndugdan madiuansan1Flumsandugd awmguimsamduglan sruowlda

aumsi 2.16 [16]

F,=dxnxsxR_ xn

e

v v

(2.16)

A ! o ' . ] 4%1 l 1 dgl a
n flo AMILTum (Correction value) YIVTVHOY U@Gli?ﬁ’luﬂlﬂﬂﬂﬁﬂluz‘ﬂﬁ]iﬂ AN

1 AmMsUsua n= £ (B )

M3190 2.3 NIUSUA n= £ (B ) [16]

n 0.2 0.3 0.5 0.7 0.9

1.1

1.3
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B == 1.1 1.2 14 1.6 1.8

2.0

2.2
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1) MANWATIAKAN (Principal Strains)
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wa < Y MY A
3.3.1 ﬂuummmaﬂﬂaﬂiﬁmj

a Tl = ' =
M990 3.1 Lﬂiﬁmmﬁmiﬂﬁij'lu uazmuﬂﬁzﬂaumqmu [29]

50

IN5AVDS amlSsuieumny daulszneumandi
Inviends TISI JIS ASTM msveu | Taslen | HiNa | @adies | wemide
wnasging mmgmﬁj Ju | inasgivenidig C Cr Ni | SiMax. | Mn Max.
TNX SC17 SST 430 SUS 430 430 <0.12 |16.0-18.0 - 0.75 1.0
TNX S189 SST 304 SUS 304 304 <0.8 18.0-20.0| 8.0-9.0 0.75 2.0
TNXSC17 | SST 304 SUS 304 304 <0.8 [18.0-20.0/8.0-9.0 | 0.75 2.0
TNXSC17 | SST 304 SUS 304 304 <0.8 [18.0-20.0/8.0-9.0 | 0.75 2.0
B 4 B A‘T’-
B aes ra: oy ] 1 %
rE 4
5}

MR 3.13 vaFunaaeunssauranad 1faluauuIaTgIu ASTM E 646-91 [29]

MI19N 3.2 VAT IMTUMITAIMUAAT n LU “Plain-End” Specimen [29]

3 WA
S1az1veA 5 /A
i Naamns
G ANNETINY 50.0£0.01
W anunin 1254025
2
T anunn ANUNUIVDIFUNATDL
R Safivesduldiosiiqa 12 13
L anuenswilesiige 8 200
4 1 v
A anuemvessmsaaiuinihdatooige P 60
4
| AQYe = ¥ A
B anwuenvesduildiudaiosiige 2 50
v 1 A ye A
c anwnivesdmnldivea 3/4 20
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k4
U

TunpuMIAMMIBMIRUTUIANINaYITae [29]
v o ' [ a
1) nageumaNtifsn1dIuANUATEADT # (Anisotropy) VeUHannall3aiy
N30 SUS 304 tiaz SUS 430 WA5015U99 ASTM E517 vol.01.03.(1993)
) I a o
1. vuvannd 13aiiumnsa SUS 304 uag SUS 430 AMNHUT 0.48 mm 31931013
Y
NAFDUHNIAT » (Anisotropy) AATUNATDU (Blanking) AULUINANIINITIA (Rolling Direction)
1 <3 Y WY A Ao Y
nnuRwannal ¥ aty mhun1¥lumsnaaeu
Y
2. 3aaNunAN (Wo)  uaganuyiu (To) VoWARZFUNAABUNALUINTGA

v =2 9 1 A
Junnvoya 1u%I19AU8A (Gage Length)

v Y
MNN 3.14 anvALTUNATDUMIANTALFIN

E4
o A 3

{ 1 <
3. ‘L!ﬂﬂﬁ/]ﬂﬁ@llﬁ ﬂmmmﬂ’fllnuazwmmimé}’mmﬂﬁaumiﬁﬂmmmmﬂu

o 9 . A= Y s
4. 39NN (x) uagaNuMu (Tx) Yodrunaceuiamaaeualglnsel

v
=

v E4 1
(Extensometer) 9z ufinman/asuntlasanuenmaziiuinihda ihdoeyai Idoinmaiiudinu

ATUIU

Speed 5 mmimin

Length 50 mm

Width 12.5 mm

Thickness 058 rmm

gineering Strain-Stri True Strain-Stress r'Value

extenso_L Tensile_Miextenso_T{mm) extenso_L Tensile_MC(MPa)  extenso_L Tensile MC{MFa)  Strain{Wid Strain(Thick)
-0.20287 | 0.026621 -0.00251 0 0 0 0 0 07 #0nl
-0.20287 | 0.026621 -0.00087 0 0 0 0 -0.00013 | 0.000131 -1
-0.20287 | 0.026621 -0.00251 0 0 0 0 0 07 #ihvil
-0.23412) 0.026621 -0.00087 -0.00063 0 -0.00063 0 -0.00013) 0.000756 017296
-0.20287 | 0.026621  -0.00251 0 0 0 0 0 07 #Dhil
-0.20287 0.026621 -0.00087 0 0 0 0 -0.00013| 0.000131 -1
-0.23412) 0.026621 ) -0.00087 -0.00063 0 -0.00063 0 -0.00013 ) 0.000756 017296
-0.20287  0.026621 -0.00087 0 0 0 0 -0.00013) 0.000131 -1
-0.20287  0.026621 -0.00087 0 0 0 0 -0.00013 ) 0.000131 -1

d’ v =R 9 = a 4
HMNN 3.15 ﬂﬁ‘]_ILl‘V]ﬂﬂl’f)?;ljﬂﬂﬁ%ﬂﬁ@llﬂ15ﬂﬂﬂ1ﬂiﬂiuﬂﬁﬂﬂ@mw3m9§
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AT IUANMATIANA AN (Anisotropy; 7) 7 =

=)
In| —
Tx

2
1.5

I

0.5

a)
U

0.1 550 0.1 0.2 0.3 0.4

1

-1.5 -

MNN 3.16 MTHIAT 7 1ASNITNIUIINUHNUAINAIINATEA

v
vAa o w ) < . .
2) nadourIaNTMavFRIaen15i 19 uT9Aa18A10IAT8A (Strain-Hardening

4

o =Bl . <3
Exponent; 71 -Values) 1azd@ulse@niniud1uinga (Strength Coefficient; K ) vourannald

AU MUITNATOU ASTM E 646-91 vol.03.01.(1993)

Y [
1. 39N 9ANUHUIYBIFUNATOUFINT 828R (Gage Length) LM

A A Y o
NWUNUUIAR
o 2 =

o 2 = 0 a4 P =
2. AWFUNUNATRVUTIAITUNNATINN Tz Tras i asunlasrani

o 4

3. MUIUHIANNAUNIIAINTTY (Engineering Stress; S ) IMAULIINTZIIFIN

=

ﬁﬁqssimmmwuwﬁﬁﬁﬁ@

ke

4. AUIUKIANUIATIAIAINGTY (Engineering  Strain; &)  1N1NUTZoeN
wasuulasreauia
5. AUIBMIANAUF (True Stress) = S x (1+¢)
o = 2 .
6. AUIUNIAINATIADT (True Strain) = In(1+ &)

7. fUIUNT Y ¥30 Log True Stress
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Engineering,True - Stress (MPa)

1000 -~
800 A
True-stress strain
600
Engineering-stress strain
400 A
200
O T T T T 1
0.0 0.1 0.2 0.3 0.4 0.5

Engineering,True - Strain

MNWA 3.17 LHUAINNITAILANIVAUITI AIWIATEADTI ATNIAUNIIIAINTTUIAL

AUATIANIIAINT TN

8. AWM x 130 Log True Strain
9. MuIUM p°
10. MUIUNT x7
11. MNUIUNT Xy
[ 1 v =K 9 A A ]
12. Aamannmstunnve 2-11 ynulasuuilasszozsaluyig Gage Length

o QSJ‘ $ I~ u’/‘
IWmuasamsnlasunlasszezdadlu N viawasiunavue

DIRZDIED I IE I I
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1000 -

800 A y= 1499.4X0'4458
R? = 0.9991
600 -

400 -

200

9

4' Y A 9 Ao W o Y I 9 = Y
MNN 3.18 1’7’]ﬂ1ﬁuﬂ5$ﬁﬂ‘ﬁﬂ')’]i]ﬁ1uu5@lla3Lasllclfﬂ']a\iﬂ’]ivnch’illsll\iﬂ'lflﬂ')'lulﬂﬁﬂﬂchﬂlﬂﬂ

AuN13Na9 (Power Law)

MmN 3.3 auiamainamanndt 1 datiy inga SUS 304 1az SUS 430

Jagrin 13909 Sutlszans A IUANNATHANAINAN (1)

0.48 mm ﬁ@.ﬂmm N) | AnuAHNse (K) G R, R, R, 7
SUS 304 1740 818 0.25 1.258 1.451 1.151 1.288
SUS 430 1922 367 0.18 0.765 0.798 0.589 0.717

Y
v o w Y

1a o =3 = & @ o 1a 9
332 f]f)ﬂllfU‘U!LllWllWﬁ?ﬂﬁﬂgllaﬂ G]N’fﬂll130@ﬂlliﬁﬂuu'liJuLEU'lthENLLiJWMWﬂlﬂ

9 1 o

-Qy d‘ o d? 9 Ay [
‘Bu\11u1’]ﬂ1ﬂ1ﬁ'ﬂlu§,ﬂﬂ’wﬂ‘Nﬂ‘i%‘]JfJﬂ!!.‘]J‘Uil‘]Jﬂ FFUNTIFUINANTINANNHUINY

N v o . £ £ =
NAADY 45 mm YNNI 5 mm dasraIumsvuzll 1.8 yuglan 15 mm

]
A o

a 2 4 v An
NINN 3.19 "IﬂN'I‘L!‘VI‘VI'Iﬂ'ISEU‘L!?J‘]Jﬂ'lflﬂiﬂﬂi%ﬂ@ﬂl!ﬁﬁllﬂﬂ
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1) yauAuFUUsIAUs BNy uuni 2

Dz\/(d§)+(4><d1 xh) = 75.7 Haamag
o 9 " W a A A 4 qs/l o
MvualiuHuNATe UMY 80 Hadas (tWoyy TAIABIaz W)

2) yuaey Mumaungef luuni 2

r {%}[(soﬁuw—d))x\/}] = 2.1 04

fmualmpnnaeminn 2 eem

] 1 1a o
3) TTYSHFDINNLUNWUN

D a a
w=s§X ; = 0.66 UaaLuAT

o [ 1 1a d 1w A A
ﬂWWuﬂiﬁ!ﬁgEl%“lff]\i']N!LllWiJWl“Vﬂﬂ‘U 0.65 yaaLung

" 2
r, =(3=>5)r, NI0MUMIBBNUVUFUNIY
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High flow coupler

3 1a o s 9
.ﬂ'l‘l/‘lﬁ 3.20 E‘Tﬂ"l’Jg"]JE’NLLN‘WNWGl,uﬂﬁﬁﬂHWTlﬂﬂ’fN cdﬁa'lﬁ’mﬂmse@mmummmmumyﬁmi

2 = .
a ﬂGU‘L!z‘]J an (Deep Drawing)

3.3.3 MUIUVUIAVOIUTINALHUNAT DU

1) UFIAUNALHY lan ( Blank Holder Pressure; p )

b= [(ﬂactual _1)2 + ) :l Rm

200xs | 400
R _dmsumsmnnldmgege = 360  N/mm’
¢ dmisuTanzilszinmman ¥ 0.002
usaaunaHY Tans Z 1.04  N/mm’

2) WunvesmsnaunuTanz (Blank Holder Area; A,,)

Ay = (D2 —df)x%

d,=d+Q2w)+@2xr,)
d, =503 mm
Ay, =3038 mm’



57

3) usanavauny Tavz (Blank Holder Force; Fy,)
Fyy = Ay x P
F,, =32 KN

a (=Y 4 o % 1
TumsAnymaass 1Falswiiunuinggiu JIS d1msuusinadaununagou
3 1 d’ = =) % 1 dy
Nanua 2 9ga 2 aeidise gaae 8 a3 asae 1l
- anal3a19.62 N/mm® 1590AIIY 156.96 N/mm’
- Aana13a35.60 N/mm® 14590ATIN 285.52 N/mm’
o 9 ra g dg’ A 1w A A
MnualdszoznauiinunneumsyugU NNy 25 Nadns
1a d o o :I &%
3.3.4 MIvoNUUULNNUNGIMTUNMTUTIgThiy
o @ 1a 4 1 . 03} o/ . .
DN yaa 1 (Die) 92ii#oens39110U (Liquid Chamber) 19123910@ 11BN
Y
o 1 [ [ a o w a o o a o ] 1A o o
Yoeaw dinsuaenenuauveniniuleasean 1inyadusiasleasean dmiugauminuit
mstlesnumssalvavesveunad 3 ga Ao
a A 1 1 ] 9 =& 9 < 3 o o £ 9
1) VFnaareNAeTyHINIHUWINAeF 1 Hvanagy SKD11 gundenuainiodeld
I A
mian $s400 Tael¥saln5e NBR
a a ¥ w 1 [ Qg/ & < I
2) UinaemFudasIHLNAFUNUFI IFan SKDI1 undsuazyy Hard
v A 1 4 a a
Chrome NUAIA18 Taeldda U-CUP NBR awardurigudnarsdiulu o0 Hadwas g8
Uaawasg
a a YY) U qul P 9 < < ]
3) VINUYARITUHAILHININUTFITHHAN SKD11 ULz gy Hard Chrome f1l
a 9 ] t:y P 9) ] 4 Y a A
A luvearunaduay Taglsda U-CUP NBR vinatdurigudnatsdiulu 45 fadmas ga

10 Hadwas MNN3.21 daulszneunsouToaz@oauD UNLNW
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]

O
Punch BKD11 Bteel —_ |

58

/—GIIHGPMMMDDD=MMMLMMXZSH

- Surfaca Hardening 58 - 62 HRC + Hard Chrome Plating 10-50 Micro ﬂ’ Bok 13X 130 MM MID 15
LS u ———Punch Holder 58400 Sieel
L
[= p=a
= _—Hexagon Bolt M5 20 MM x 4 Pe
Blank hoider piats 53400 Stesl = Spring
0T ] ] T
U-CUP NBR ID45 MM ——————T—=———1 1l
Blank Hoider Ring SKD11 Steel d
- Surtace Hardning 58 - 62 HRC+ Hard Chrome Plating 10-50 Micr
M6 L1BMM Socket Head Bok
il \ﬁ M10 100 MM x 4 Pe
15—
Dis Piate SKD1 Gteal . ———r——U-CUP NER ID8Q MM
- Surtace hardaning 58 - 82 HRC
[T T — e LU, R |
[ ]

High flow coupier 38 In—.

il

“—Hexagon Sockst Head Boit M8 30 MM X 8 Po

Die Hoider 88400— [ [T []

or

q’ 1 Y = ra 4
MNN 3.21 FIUYTLNOUNTOUT1HALIDIAVDIULHWUN

v Y

M99 3.4 Fuainu
%Hﬁ M3 VYHIN Uﬁ@

1 Die Holder 250x250x20 SS400 Steel
2 Die Block 160x160x78 SS400 Steel
3 Die Plate 160x160x36.5 SKD11

4 Die Plate Cover 112x112x10.5 SKDI11

5 Punch Plate 250x250x75 SS400 Steel
6 Punch A84x213 SKD11

7 Blank Holder Plate 250x250%x27 SS400 Steel
8 Guide Post 120.02x25
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8 10.00 5.18 34.53 40.15 9.42 62.81 43.61
9 11.25 534 35.58 41.99 9.71 64.72 43.88
10 12.50 5.49 36.62 44.40 9.99 66.62 46.33
11 13.75 5.65 37.67 4421 10.28 68.52 45.85
12 15.00 5.81 38.72 44.18 10.56 70.43 4476
13 16.25 5.96 39.76 44.54 10.85 72.33 46.15
14 17.50 6.12 40.81 44.01 11.14 74.24 46.7
15 18.75 6.28 41.86 47.82 11.42 76.14 48.43

4

6.28

Yug1an 15 mm = 18.75% VoUdUHIGHENA1 Blank; 628 kKN = T UWOIUFUIU;

E4 4 Ed
020,100 = 41.86% UTUHBIVFUNUVRITZEZANNANMITUTI; 47.82 kKN = useandugil;
1

1 = a = 22 ' = a =
19.62 N/mm = ﬂ”llLi\iﬂQVIG]J’EJQﬁTJiQGIjﬂVI 2 (INNUY) Lag 35.69 N/mm = mgmmmamﬂiwﬂw

2 (7499)
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a dg’ Y a Y 1 <] Y
AN 0.2 Lliﬂumia1ﬂﬂlu§‘ﬂm&ﬂiz‘inumi”lElﬂi’e)vlﬂumﬂuiﬂﬂu 5 MPa U93UNULKnannan

15 ey SUS 304

0 Y2AUNAI VG 68 ANNYIHA 68 mm /sec HIIHH 5 MPa
JzETNANUTAN - = - - — -
AMusananadse=19.62 N/'mm AsInanad39=35.69 N'mm
= - =z ~ - Z
usundeuaia usaanvugl usundevaia nsaanvugl
mm % % %

(kN) (kN) (kN) (kN)
1 1.25 4.08 27.21 7.11 742 49.49 11.43
2 2.50 4.24 28.25 25.50 7.71 51.39 31.79
3 3.75 439 29.30 71.18 7.99 53.30 76.51
4 5.00 4.55 30.35 49.51 8.28 55.20 50.37
5 6.25 4.71 31.39 4327 8.57 57.10 44.68
6 7.50 4.87 32.44 44.11 8.85 59.01 46.83
7 8.75 5.02 33.48 45.08 9.14 60.91 47.14
8 10.00 5.18 34.53 4473 9.42 62.81 47.82
9 11.25 5.34 35.58 4477 9.71 64.72 48.54
10 12.50 5.49 36.62 48.11 9.99 66.62 50.9
11 13.75 5.65 37.67 49.79 10.28 68.52 52.38
12 15.00 5.81 38.72 52.29 10.56 70.43 54.88
13 16.25 5.96 39.76 5421 10.85 72.33 56.85
14 17.50 6.12 40.81 55.86 11.14 74.24 58.05
15 18.75 6.28 41.86 55.23 11.42 76.14 59.37

4

Yug1an 15 mm = 18.75% voudurIgudna1a Blank; 6.28 kN = 13 UNTIUFUNIU ;

6.28 a 2 = = =
- x100=41.86% LLiQmEJEJTJGH‘LN'I‘L!GU’E)\‘]izﬂgﬂﬁ'lﬂaﬂﬂ"liﬁllugﬂ; 5533 kN = Lliﬂﬁ"lﬂ"llujj'ﬂ;

D.

v ] v P4 v
19.62 N/mm = fi59A9iveatl5agai 2 (i) 1ag 35.69 N/mm = Assnanvesailsegad

2 (7489)
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v 9
ms1ei 0.3 uselunmsandugddienszurumsleaselauiin usedn 10 MPa vesusiu

mannd 1¥atiu sus 304

5 Y2AUHAI VG 68 ANNTHA 68 mm /sec 1536 10 MPa
JzETNANUTAN - = - - — -
AMusananadse=19.62 N/'mm AsInanad39=35.69 N'mm
= - =z ~ - z
usundeuaia nsaandugl | usamauayis nsaanvugl
mm % % %
(kN) (kN) (kN) (kN)
1 1.25 4.08 27.21 6.40 742 49.49 7.266
2 2.50 4.24 28.25 27.13 7.71 51.39 29.19
3 3.75 439 29.30 79.02 7.99 53.30 78.99
4 5.00 4.55 30.35 49.23 8.28 55.20 49.25
5 6.25 4.71 31.39 42.93 8.57 57.10 44.13
6 7.50 4.87 32.44 44.49 8.85 59.01 47.13
7 8.75 5.02 33.48 46.64 9.14 60.91 48.9
8 10.00 5.18 34.53 48.39 9.42 62.81 51.68
9 11.25 5.34 35.58 50.76 9.71 64.72 53.49
10 12.50 5.49 36.62 52.29 9.99 66.62 54.21
11 13.75 5.65 37.67 54.16 10.28 68.52 55.88
12 15.00 5.81 38.72 56.49 10.56 70.43 58.37
13 16.25 5.96 39.76 59.14 10.85 72.33 60.95
14 17.50 6.12 40.81 58.59 11.14 74.24 62.73
15 18.75 6.28 41.86 61.40 11.42 76.14 64.63
Y Y
= = Y 1 4 =~ a
ﬂjugﬂaﬂ 15 mm = 18.75% ﬂlﬂﬂlﬁuﬂ'lﬂuﬂﬂaﬁ Blank; 6.28 kKN = UTUHIIUFUAY;

6.28

E4 4 Ed
022 100 = 41.86% UITUMTBDFUNUUBITZOZAMUANMITUTL; 61.40 KN = usaandugil;

v ] v P4 v
19.62 N/mm = fi59A9iveatl5agai 2 (i) 1ag 35.69 N/mm = Assnanvesailsegad

2 (7489)

D.
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v 9
ms1ai n4 uselunmsandugidienszurumsleaselauiiin usedn 15 MPa vesusiu

mannd 1¥atiu sus 304

0 VYUHAI VG 68 AIINHHA 68 mm/sec 11590U 15 MPa
szaznANUYan - R - - R -
AM59AINaUT9=19.62 N/mm AM59AINaU39=35.69 N/mm
usavdgUal3e usaanUugl | usewdevailsa usaanUugy
mm % % %
(kN) (kN) (kN) (kN)
1 1.25 4.08 27.21 2.66 7.42 49.49 9.572
2 2.50 4.24 28.25 27.33 7.71 51.39 31.68
3 3.75 439 29.30 81.23 7.99 53.30 82.23
4 5.00 455 30.35 49.03 8.28 55.20 50.08
5 6.25 471 31.39 4539 8.57 57.10 47.56
6 7.50 4.87 32.44 4232 8.85 59.01 46.03
7 8.75 5.02 33.48 45.26 9.14 60.91 48.01
8 10.00 5.18 34.53 50.62 9.42 62.81 50.21
9 11.25 5.34 35.58 53.58 9.71 64.72 52.93
10 12.50 5.49 36.62 56.71 9.99 66.62 54.27
11 13.75 5.65 37.67 59.92 10.28 68.52 56.38
12 15.00 5.81 38.72 61.71 10.56 70.43 58.2
13 16.25 5.96 39.76 62.53 10.85 72.33 60.34
14 17.50 6.12 40.81 64.00 11.14 74.24 64.26
15 18.75 6.28 41.86 66.29 11.42 76.14 67.74
4 4
= = Y 1 4 =~ a
ﬂjugﬂaﬂ 15 mm = 18.75% VDUTURIFUINAN Blank; 6.28 kKN = UTUHIIUBUIY;

6.28

E4 4 Ed
020 100 = 41.86% UITUHTBDFUNUUBITZEZAMUANMITUTL; 66.29 kKN = usaandugil;

v ] v P4 v
19.62 N/mm = fi59A9iveatl5agai 2 (i) 1ag 35.69 N/mm = Assnanvesailsegad

2 (7489)

D.
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4' dg’ a [l <] 9 Y a
AN N5 l!ﬁ\iﬁluﬂ'lﬁa'lﬂslluzﬂllﬂﬂﬂﬂ@] "’ll'ﬁ']\illmulﬁaﬂﬂa'lhliﬁuu SUS 430

0 Y2aUHAI VG 68 ANNYIHA 68 mm /sec
JzazNANUTAN - —— - - 3 -
Asananal3e=19.62 N'mm AMusananads9=35.69 N'mm
~ - Z = - =z
usuvdevaia usaanaugl | usamgauais nsaanvugl
mm % % %

(kN) (kN) (kN) (kN)
1 1.25 4.08 27.21 5.982 742 49.49 7.92
2 2.50 4.24 28.25 53.85 7.71 51.39 55.62
3 3.75 439 29.30 74.1 7.99 53.30 76.13
4 5.00 4.55 30.35 45.66 8.28 55.20 49.06
5 6.25 4.71 31.39 4227 8.57 57.10 45.78
6 7.50 4.87 32.44 43.44 8.85 59.01 47.47
7 8.75 5.02 33.48 43.96 9.14 60.91 46.78
8 10.00 5.18 34.53 4223 9.42 62.81 45.54
9 11.25 5.34 35.58 4291 9.71 64.72 45.74
10 12.50 5.49 36.62 43.71 9.99 66.62 46.33
11 13.75 5.65 37.67 44.92 10.28 68.52 46.14
12 15.00 5.81 38.72 43.14 10.56 70.43 4571
13 16.25 5.96 39.76 44.01 10.85 72.33 46.92
14 17.50 6.12 40.81 45.06 11.14 74.24 4735
15 18.75 6.28 41.86 46.29 11.42 76.14 48.7

4

Yuz/an 15 mm = 18.75% VouFUMIAUINAI Blank ; 6.28 kKN = UTUWBIUFUNY ;

6.28 a g = & ~
- x100=41.86% n,mmﬂﬂqummmSzﬂxmmaﬂmsmugﬂ ; 46.29 kN = LLﬁ\ia1ﬂ5U‘Ll§J‘]J ;

' = a = A 2 ' = a =
19.62 N/mm = ﬂ"llliﬂﬂ\i‘]/l"llﬂﬂﬁﬂiﬂslgﬂﬂ 2 (NUUYY) 1ag 35.69 N/mm = ﬂ?!tiﬁﬂﬂﬂﬂ]ﬂﬂﬁﬂi\iﬁljﬂﬂ

2 (7499)
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v 4
a o ' <3
ﬂ]i]\iﬁ .6 l!ﬁ\iﬁlufnﬁa']ﬂsﬁuzﬂﬁlﬂﬂﬂi3ﬂj1ﬂlﬂ15hlaﬂﬁ@vlﬂu']llﬂlﬁ\iﬂu 5 MPa Gllf]\ulwu!ﬁaﬂﬂélj']

15 ey sUS 430

PR VYOUNAT VG 68 ANUNHA 68 mm/sec 136U 5 MPa
FLILNANUTAN : —— - : —— -
A39AINET1Te=19.62 N/mm A39AINET1T9=35.69 N/mm
P 7 P 7
NV I TEN usaanUugl | usauwdeualsa nsaanvugl
mm % % %
(kN) (kN) (kN) (kN)
1 1.25 4.08 27.21 10.41 7.42 49.49 10.41
2 2.50 4.24 2825 43.85 7.71 51.39 43.85
3 3.75 439 29.30 77.14 7.99 53.30 77.14
4 5.00 4.55 30.35 47.77 8.28 55.20 47.77
5 6.25 471 31.39 47.71 8.57 57.10 47.71
6 7.50 4.87 32.44 49.29 8.85 59.01 49.29
7 8.75 5.02 33.48 49.58 9.14 60.91 49.58
8 10.00 5.18 34.53 51.03 9.42 62.81 51.03
9 11.25 5.34 35.58 52.97 9.71 64.72 52,97
10 12.50 5.49 36.62 52.12 9.99 66.62 52.12
11 13.75 5.65 37.67 50.25 10.28 68.52 50.25
12 15.00 5.81 38.72 51.29 10.56 70.43 51.29
13 16.25 5.96 39.76 51.83 10.85 72.33 51.83
14 17.50 6.12 40.81 52.39 11.14 74.24 52.39
15 18.75 6.28 41.86 52.42 11.42 76.14 5242
9 Y
=3 = Y 1 o =S a
Glluzﬂaﬂ 15 mm = 18.75% VUDUAUFNIFUINAN Blank; 6.28 kN = UTUHIYUBUNIU;
6.28

v E4 E4
028 100 = 41.86% MIUNTIVFUNIUVITZIZANNANMIIUTY; 52.42 kKN = useanaugil;

1 = a = A 2 ' = a =
19.62 N/mm = m!,mmmmmhﬁ;w 2 (INNUY) LA 35.69 N/mm = ﬂ"lui\iﬂ\i‘iﬂsll’f]ﬁﬁﬂiﬁ;ﬂ‘ﬂ

2 (7489)
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v 9
ms1ei 0.7 uselunsandugddienszurumsleaselauiin usedn 10 MPa vesusiu

mannd 1¥atiu sUs 430

PR YOUNAT VG 68 ANUNTHA 68 mm /sec 11TIAU 10 MPa.
FLLNANUTAN : —— - : —— -
A39AINET1Te=19.62 N/mm AM39AINET1T9=35.69 N/mm
Y 7 P 7
NV I TEN ussandugll | usavdeualsa nssanvugl
mm % % %
(kN) (kN) (&N) (&N)
1 1.25 4.08 27.21 9.858 7.42 49.49 8.248
2 2.50 4.24 28.25 32.81 7.71 51.39 30.5
3 3.75 439 29.30 80.82 7.99 53.30 80.27
4 5.00 4.55 30.35 48.64 8.28 55.20 51.53
5 6.25 471 31.39 47.59 8.57 57.10 47.04
6 7.50 4.87 32.44 51.54 8.85 59.01 50.45
7 8.75 5.02 33.48 51.81 9.14 60.91 50.69
8 10.00 5.18 34.53 50.86 9.42 62.81 50.33
9 11.25 5.34 35.58 51 9.71 64.72 51.2
10 12.50 5.49 36.62 52.44 9.99 66.62 52.6
11 13.75 5.65 37.67 51.32 10.28 68.52 53.08
12 15.00 5.81 38.72 53.05 10.56 70.43 52.75
13 16.25 5.96 39.76 53.65 10.85 72.33 53.89
14 17.50 6.12 40.81 53.06 11.14 74.24 53.25
15 18.75 6.28 41.86 54.39 11.42 76.14 54.26
9 Y
=3 = 9 ] L4 =S a
Glluzﬂaﬂ 15 mm = 18.75% VOUAUNIFUINAN Blank; 6.28 kN = UIUNYYUFUIUY ;
6.28

v E4 E4
028 100 = 41.86% MIUNTIVFUNIUVITZIZANNANMTIUTY; 54.39 kKN = useanaugil;
15

1 = a = A 2 ' = a =
19.62 N/mm = m!,mmmmmhﬁ;w 2 (INNUY) LA 35.69 N/mm = ﬂ"lui\iﬂ\i‘iﬂsll’f]ﬁﬁﬂiﬁ;ﬂ‘ﬂ

2 (7489)
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v Y
ms1ei .8 usalumsandugldienszurumsleaselauiinussdu 15 MPa w0y

mannd 1¥atiu sUs 430

PR YOUNAT VG 68 ANUNTA 68 mm/sec 1TIAU 15 MPa.
FLILNANUTAN : —— - : —— -
A39AINET1Te=19.62 N/mm A3IA9N1T9=35.69 N/mm
Y 7 P 7
NV R TEN usaandugl | usandeumlsa ussanIugl
mm % % %
(&N) (&N) (kN) (kN)
1 1.25 4.08 27.21 10.68 7.42 49.49 9.53
2 2.50 4.24 28.25 30.2 7.71 51.39 30.65
3 3.75 4.39 29.30 83.59 7.99 53.30 87.06
4 5.00 4.55 30.35 51.06 8.28 55.20 50.79
5 6.25 471 31.39 44.88 8.57 57.10 45.84
6 7.50 4.87 32.44 45.72 8.85 59.01 46.64
7 8.75 5.02 33.48 47.82 9.14 60.91 48.68
8 10.00 5.18 34.53 51.25 9.42 62.81 51.43
9 11.25 5.34 35.58 53.44 9.71 64.72 53.57
10 12.50 5.49 36.62 53.69 9.99 66.62 53.75
11 13.75 5.65 37.67 56.02 10.28 68.52 56.45
12 15.00 5.81 38.72 56.83 10.56 70.43 58.11
13 16.25 5.96 39.76 57.94 10.85 72.33 59.44
14 17.50 6.12 40.81 58.57 11.14 74.24 59.94
15 18.75 6.28 41.86 59.99 11.42 76.14 61.48
9 Y
=3 = Y 1 o =S a
Glluzﬂaﬂ 15 mm = 18.75% VUDUAUFNIFUINAN Blank; 6.28 kN = UTUHIYUBUNIU;
6.28

v E4 E4
028 100 = 41.86% MIUNTIVFUNIUVDITZIZANNANMTIUTY; 59.99 kKN = useanaugil;

1 = a = A 2 ' = a =
19.62 N/mm = m!,mmmmmhﬁ;w 2 (INNUY) LA 35.69 N/mm = ﬂ"lui\iﬂ\i‘iﬂsll’f]ﬁﬁﬂiﬁ;ﬂ‘ﬂ

2 (7489)
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~ o oA o 1 2 4 : TR P
A1 NN N9 !,L'Nﬂﬂwmﬂflﬂizﬂ1ﬁﬂ“ﬁuﬁ1u1uﬂ1ia1ﬂmugﬂ!,qumaﬂﬂaﬂ‘iﬁuu SUS 304

o da o 1 A 1 v
usanﬂwu‘mnizmﬂa‘nmmmnmﬁmnmugﬂma

UIINAUAY s
) (3INANUTINMS D4 .
nageUA P R nszuINmslaaselaudin fiuseiu (MPa)
.4 anvugluuulng
maala
, (kN) 5 MPa 10 MPa 15 MPa
(N/mm’)
19.62 65.51 71.18 79.02 81.23
35.69 70.64 76.51 78.99 82.23

d’ qgj A o 1 g 42} 1 < k) Y a
M1319% n.10 !,Li\?ﬂﬂwuclﬁﬂﬂig‘ﬂW]i’]ﬁ]ﬂl\‘]"I‘L!bh!fﬂﬁﬂ1ﬂﬂ]1!i‘].]tm‘l!ﬁ’iaﬂﬂﬂfliﬁull SUS 304

Rl

[

o da o 1 Qw d" kY
llﬁqnﬂwumﬂﬂ5$ﬂ1ﬂﬂ°ﬂuq1uﬂ1ﬂﬂ1§a1ﬂ"“ugﬂﬂ')ﬂ

H3INANHY s
) (3INANUFAINNS L.
nAARUA Y 5 - nszuIumslaaselaniin fusedy (MPa)
L4 a anuugluuulng
manaif3a
) (kN) 5 MPa 10 MPa 15 MPa
(N/mm")
19.62 74.10 77.14 80.82 83.59
35.69 76.13 77.14 80.27 87.06

H { { v < a @ 3
m39d n.11 - anwmniwlasuuilas lvesrumannd 15atiu SUS 304 nasmsvugl

maanail3e 19.62 N/-mm’

AHHIM A | r msaniugldaenszuaumslaaselaindin
nsanvusduuuilng
5 MPa 10 MPa 15 MPa
1 0.450 0.459 0.464 0.469
2 0.411 0.424 0.428 0.438
3 0.363 0.412 0.412 0.422
4 0.370 0.410 0.417 0.425
5 0.489 0.506 0.528 0.526
6 0.497 0.524 0.531 0.536




H { { ] < a @ 3
m39d 012 anwmniwasunas lvesrumannd 15atiu sUS 304 nasmsdugl

111

maanail3e 35.69 N/-mm’

AHHIMIa P R msaniugldaenszuaumslaaselaindn
msanvusduuund
5 MPa 10 MPa 15 MPa
1 0.424 0.430 0.434 0.445
2 0.375 0.380 0.380 0.425
3 0.361 0.389 0.389 0.419
4 0.367 0.393 0.402 0.419
5 0.484 0.490 0.524 0518
6 0.492 0.513 0.536 0.531

H { { ' < a @ 3
Mm99 013 anwmnnwasunas lvesrumannar 15atiu sUs 430 nasmsdugl

mAInail39 19.62 N/-mm’

AHHIMsIn P c mﬁmn%ugﬂﬁmﬂs:mumﬁ"lama"lﬂmﬁn
msanvusduuund
5 MPa 10 MPa 15 MPa
1 0.455 0.460 0.460 0.468
2 0.440 0.450 0.455 0.460
3 0.419 0.421 0.428 0.432
4 X X X X
5 X X X X
6 X X X X

HIN@IHe (x 1NAN1IANVIA, Fail)
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H { { ] < a @ 3
m39d 014 anwmnnwasunias lvesrumannd 15atiu sUs 430 nasmsdugl

mnanaysa 35.69 N/mm’
o ] Y] &’ Y a
AMUHUINTIN P - msmnTugldlenszuiumsiaaselamndin
msanvusduuund
5 MPa 10 MPa 15 MPa

1 0.446 0.453 0.455 0.460

2 0.424 0.437 0.440 0.448

3 0.405 0.410 0.415 0.420

4 X X X X

5 X X X X

6 X X X X

HINENYA (x (AANIIANVIA , Fail)

H o g ' < A ' QSI
ﬂ131\1ﬁ .15 aﬂyﬂlgﬂ31ulﬂ§896§u\11ullwulﬁaﬂﬂ§11%auu SUS 304 ﬁ!ﬁ\iﬂﬂcﬁu\ﬂu 19.62

N/mm2
anvazvasmalasuulasziag
P ANNAILATDY (%) ANNAILATIAN (%)
nszvumsvupl 3
nanana \ ) nana1g ) o
3 VoUIE | NI ) VoUNIE | WIHINE
a8 e
2
Msanauglnuy
A 0312 5.288 -18.184 0.788 14.104 29.132
na
NIzyUIU 5 MPa 0.660 7.512 -18.500 0.768 14.060 26.580
M3 la
10MPa | 0.340 4.392 -21.880 0.648 11.136 28.988
as0 1A
wiin | 15MPa | 0.028 2.520 -19.656 0.248 7.944 30.548
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H [ Qy [ <3 a { Qy
ﬂ]i]\?ﬁ n.16 aﬂymxmmm%ﬂ%mmuwumaﬂﬂéﬁ"l%}ﬁuu SUS 304 NUSINATUIIU 35.69

N/mm2
anvazvasmslasunlaszias
P ANINTUATO (%) ANMATATIAN (%)
nszuaumsvugl -
fanag 3 "y nanag y "y
) VDU | W08 ) VDU | HIIDE
2738 238
Z
mMsanyugiuy
- 0.256 4.220 -18.196 0.820 11.660 32.456
1na
NaguIU | 5 MPpa 0.776 7.408 -18.980 0.748 18.504 28.26
M3 le
10 MPa 0.076 3.552 -18.536 0.568 12.948 35.404
aso'la
190 15 MPa 0.072 3.008 -19.012 0.132 8.760 39.516

H [ Qy [ < a { Qy
ﬂ]i]\?ﬁ n.17 ﬁﬂ‘]&lﬂl%ﬂ’ﬂlllﬂgﬁlﬂ%uxﬂuLLWHLWaﬂﬂ%WVl%jﬁHN SUS 430 NUSINATUIIU 19.62

N/mm2
anvazvesmatasunilaszang
P ANMAILATO (%) ANATIATIAN (%)
nszuaumsvugl .
fenan \ 7 \ nanaNg y "y
{ VDU | W08 : VDUDIE | HIIDE
2738 2738
Z
mMsanyugiuy
- 0.068 0.732 -17.940 0.336 6.888 41.448
1na
NIZUIU | 5 MPpa 3.024 4.540 -17.300 0.700 9.968 31.040
M3 le
10 MPa 3.456 1.780 -13.792 0.140 6.328 31.400
aso'la
Wn 15 MPa 3.104 2276 -15.784 0.484 8.320 40.520
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H [ Qy [ <3 a { Qy
ﬂ]i]\?ﬁ n.18 aﬂymxmmm%ﬂ%mmuwumaﬂﬂéﬁ"l%}ﬁuu SUS 430 NUSINATUIIU 35.69

N/mm’
anvazveamslasunlasgilag
n3zUIUMSUUSL ANNAIBATOI (%) ANMAIBAKAN (%)
d! v v v Y d! v Y v Y
nanawdy | veuddw | wWiladde | Renasde | veudiw | wilanoe
msandugluuuind 0.216 2.780 -17.724 1.148 9.676 24.916
5 MPa 3.120 0992 | -17.588 0392 7.768 27.588
AITUIUMST
_ | 10MPa 3.100 3.084 | -16.232 0.608 9.832 30.016
laaselaunin
15 MPa 3.496 1436 | -15256 0.344 7.760 31.420
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A Study of Strain on Deformed stainless steel sheet in Hydrodynamic

deep drawing process
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Abstract

The objective of this research was to study strain on deformed stainless steel sheet in hydrodynamic
deep drawing process in comparison with traditional deep drawing process. In this research, Hydraulic oil
grade 68 with kinetic viscosity at 40 degree Celsius, equaling to 68.98 mm.%s with compressor at 15
MPa. and 3925 N of blank holder force on work pieces were used in deep drawing process for SUS304

stainless steel sheet with 0.48 millimeter in thickness, diameter starting from 80 mm. in cylindrical shape
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with diameters 45 mm. of flank with 5 mm. In this research there were analysis of thickness, major strain

and minor strain of stainless steel sheet in each point of measuring after deep drawing process and it

was found from the flow rate of stainless steel sheet by deep drawing process in both cases that there

were no tear on work pieces. However, the thickness of work pieces in deep drawing process was

decreased 9.89% in average more than in Hydrodynamic deep drawing process leading to the

consequence of major strain and minor strain decrease. This was caused by the exposing between oil

and work pieces and oil pressure during deep drawing process and compression from nozzle to work

pieces was well distributed resulting to the area around work pieces to have well distributed strain value.

This increased better ability of deep drawing process with lower chance of tear. It is therefore able to

conclude that Hydrodynamic deep drawing can be used in deep drawing process for 0.48 thick SUS304

stainless steel sheet better than traditional deep drawing process.

Keywords: Deep drawing/Hydrodynamic deep drawing/internal fluid pressure/Blank holder force
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