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Thesis Title A Study of The Influence of Non-Symmetrical Deep Drawing

Process Parameters on The Thickness of Work Piece’s Walls
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Academic Year 2012
ABSTRACT

At present, sheet metal deep drawing process is the most important process. The
accomplishment of non-symmetrical shape forming was complicated and required parameter
controlling. Therefore, this research aims to study the influence of non-symmetrical deep drawing
process parameters upon the thickness of specimen’s walls.

An experiment of a non-symmetrical deep drawing process was conducted by using sheet
metal graded SPCC-SD which has 1 mm. in thickness. A number of experiments were carried to
investigate the three parameters i.e. (1) blank geometry (2) blank holding force and (3) draw bead.
A drawing force of experiment was recorded for further analysis. The drawn part was visual
examined and recorded if there were any failures. After that, the drawn part was cut and measured
wall thickness at the 10 specified points. The recoded data were analyzed to identify the results.

The experimental results showed that the blank geometry, blank holding force and draw
bead influenced the work piece’s wall thickness. These drawing parameters controlled the material
flow into the die. The application of an appropriate blank geometry and blank holding force could
reduce any failure in the production process. Moreover, the use of draw bead influenced the level

stress distribution in the workpiece and reduced the different of the wall thickness.

Keywords: deep drawing metalwork, blank geometry, blank holding force, draw bead
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General Linear Model: Al versus uriudaitlan, ussnm, asaiia

Factor Type Levels Values
weindmLdsEn fixed 31,2, 3
wsanem fixed 4 20, 40, 60, 80
asaiia fixed 2 452

Analysis of Variance for Al, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MsS F P
wriudmidsn 2 0.0055669 0.0055669 0.0027835 21.349 0.000
wsane 3 0.0083062 0.0083062 0.0027687 21.23 0.000
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usena*asaida ] 0.0008289 0.0008289 0.0002763 2.12 0.110
urudaldar*usona *asaiiia & 0.0067535 0.0067535 0.0011256 8.63 0.000
Error 48 0.0062600 0.0062600 0.0001304

Total 71 0.0428418

S = 0.0114200 R-Sq = 85.39% R-Sq(adj) = 78.39%

Unusual Observations for Al

Obs Al Fit SE Fit Residual St Resid
23 -0.081900 -0.104137 0.006593 0.022237 2.38 R
47 -0.133111 -0.104137 0.006593 -0.028974 -3 E1-R
64 -0.166667 -0.137806 0.006593 -0.028861 -3.10 R

R denotes an observation with a large standardized residual.
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a=sin"' B 13.77 23mM
105
L,=L,=105cosa

=105co0s13.77

L,=L,=102 wu.



Wi L, uag L, Wdudadiulaeues R1 uag R2

_ 7(180+2a) R,

! 180

_7(180+(2xa))R

' 180

L =1358

 7(180+2a)R,

: 180

~ 7(180+(2x13.77))x12.5
B 180

3

L, =333 .

L=L+L+L+L,

L =135.8+102+102+33.3

L =373.1 wu.

unua luaunisi 2.2

2414321

F, x373.1x1.0

F, _ 104841 W30 104.84 kN

1000
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= A
0.2 BIINALAUNHY U

= 1 Qy 9 d‘ Y dy
LLiQﬂﬂﬂﬂl!NH“ﬁHﬂUﬁ?M'ﬁﬂ‘Vi']ulﬂfﬂ']ﬂﬁllﬂﬁﬂ 2.2 18 2.3 AU [4]

wi h=\/105’(37.5-12.5) =101.98 .

4, =207 75y 19220 1 aqy  BTHAE 167 084 81490 101,08
360 360 2

A =25468.17 wy’ n30 = 25468 Wi’

152.46

207.54 . 7(12.5) +2

st

[37.5+12.5

7(37.5)° + x101.98}

A,=785378 wi’ wie  =7854 wi’

MnaumMsiduasIveItoyagszuusnuaNuAsen F,e

-3

}0.49 x10

o [1+(1.102-0.699)
0.848x 0.180

-3

k =4.5038x10

d o> (The fictitious equivalent punch diameter)

4(7854
a, = [ (38 a0 gy
T T

mamlsveadag m

m=1+ @—175 XH=O.87
1 100

85
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usanafi F,, uiunadua (BHF)
25468
P, =(4.5038x107°)(0.87)x| =———1|x321
va = ( )(0.87) (7854 J

P,, =2.8208 N/mm’
. BHF W F,, =P, (4,-4,)
F,, =2.8208(25468 - 7854)
F,, =49685.57 N %30 = 49.69 kN

.3 VUIAVOIMAUTUIIY

MNN N2 MImuIALKUdalal



AMSAN RC 1 91naun3 [5]

D, =\Jd* +(d +2a)+4d (h—0.43r)

defmuald
D=75 uu.
H=15 wuu.
A=5 .
R=4 wuu.
Unua

D, =\/752 +(75+2(5)) +4(75)(15-0.43(4)) =129.75

D, 129.5

RC1:71 =64.88 =65 wu.

WIAMSAN Re2 11nauns[s]

D, = \/252 +(25+2(5)) +4(25)(15-0.43(4)) =56.37 .

defmuald
D =25 wu.
H=15 wu.
A=5 .
R=4 wu.

RCZ%:¥:28.19; 28 .

87



mAANNeN L, uag L,

L :%Rl+(h—r)+%r+(a—r)

Wemuald
R, =37.5 wu.
H=15 wuu.
A=5 wu.

R=4 wu.

unualudausaunsiiteria L,
L =%(37.5)+(15—4)+%(4)+(5—4)
L =77.16=77 uu.

A L, A9auns

L2:%R2+(h—r)+—r+(a—r)
Wemuald

R =125 wu.

H =15 wu.

A=35 wu.

R=4 wuu.

unua ludlsaumsiionial L2

L :%(12.5)+(15—4)+%(4)+(5—4)

88
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L,=37.91=38 .

MMANNEN L, wag L,

L, =2R, sin45+(h—r)+§r+(a—r)

defmuald
R, =37.5 uu.
H =15 wu.
A=5 wu.
R=4 wu.

unua luaumaiiiona L,
L= 2(37.5)sin45+(15—4)+%(4)+(5—4)

L,=7131=71 wu.

A L, A9auns
L, =2R, sin45+(h—r)+%r+(a—r)

Wemuald
R, =12.5 wu.
H =15 wu.
A=5 wu.
R=4 wu.

1 d’ 1
unuam luaumsie i L4

L4(12.5)sin45+(15—4)+%(4)+(5—4)

L, =35.95=36 .
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.1 ussgagalfinedugil

v 4
3197 ¥.1 u3weImsvugiaeriaveaurudanlal (Blank Geometry)

- " o ' g 2 4 2 4 2 4 ] I
Gﬁuﬂmmuwuﬂmﬂm FUN1 ¥UN2 ¥UN3 FUN4 ¥UNS a8 (kN)

(M urwlard@maeulivingy | 128.76 | 128.86 | 130.53 | 125.61 | 129.96 | 128.87

() uruar@mvdeuuinyu 45° | 117.71 | 119.46 | 119.16 | 11924 | 118.53 | 118.88

(M) BEUAUMNMTY TV 112.95 | 116.98 | 115.28 | 119.13 | 113.13 | 115.44

v Y Y
M397 4.2 ANUHNVINTIINNITVUFUTUNY Favorudanlar (Blank Geometry)

ANUKHUIAD ANUKRUIAD ANUKHUIAD
ANTID o o
) (Amagw) (AmiaeuUINYN ) @Wszmnma)
Al 0.898 0.870 0.854
A2 0.960 0.968 0.968
A3 0.951 0.960 0.974
A4 0.923 0.928 0.987
A5 0.957 0.937 0.947
A6 0.968 0.944 0.960
A7 0.966 0.967 0.945
A8 0.936 0.925 0.938
A9 0.947 0.950 0.988
Al0 0.878 0.898 0.908

v 9 Y
MR V.1 ﬂgﬂma%mmwuwmwﬂ’qmﬂmﬁﬁugﬂwmu%ummuwuﬁmﬂm



lﬂ' d? \ 3 1 ) 1 d‘ d'
719197 V.3 uswmmimugﬂ@aﬁﬂmumamwmﬂammaem

Lmﬂﬂé?ymm@immﬁugﬂ FuRl | dui2 | suiis | auiia | 3uds | mao (kN)
20 osdud 106.8 | 104.8 | 106.9 | 108.4 | 109.6 107.3
40 oS dud 117.8 | 119.1 | 119.8 | 119.2 | 120.1 119.2
60 losiHud 140.1 | 1413 | 142.0 | 149.1 | 140.0 142.5
80 1lesiHud 187.7 | 1929 | 167.2 | 1972 | 183.7 185.7

M Y E4 v H
M5190 V.4 ANVHNYOINTININMITUFUFUOY savemuda] M @masy

ANUHUIAD ANUHUIAD ANUHUIAD ANUHUIAD
900399 | (20 % VOIUMTITY | (40 %DITITU | (60 %UDMITINY | (80 %VDUITIT
) ) 1) )
Al 0.915 0.91 0.862 0.000
A2 0.968 0.963 0.971 0.923
A3 0.976 0.967 0.952 0.911
A4 0.901 0.897 0.891 0.963
A5 0.953 0.95 0.940 0.947
A6 0.969 0.96 0.974 0.874
A7 0.985 0.972 0.816 0.471
A8 0.917 0.919 0.929 0.923
A9 0.991 0.975 0.834 0.198
A10 0.897 0.867 0.866 0.869

A9,A10

A7,A8

v 9 Y H H
MW V.2 J9ATINANURUIVOINTINNMITUFUFUOIL sHaveuRudauadrdsy




lﬂ' d?’ \ 3 1 ) 1 d‘ d'
139N V.5 meaqmﬁmgﬂ@aﬁﬂmummuwmﬂammaﬂumﬂgu
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usanaFuUaeusugl | Fudil | Fun2 | ¥un3 | yuhd | Fuds | mae (N)
20 WosiFua 1115 | 1075 | 109.1 | 111.7 | 1082 109.6
40 WosiFua 1204 | 1259 | 1205 | 1194 | 1158 120.4
A~ o
60 105 1FUA 1517 | 1506 | 1543 | 1549 | 1507 152.4
80 11lo 515U 1734 | 173.8 | 172.6 | 1707 | 170.9 172.2

v Y v 1 H
M3197 4.6 ANUHNVINTININNMITTUFUFUIY FHavowmuAaladasuINYY

ANUNUIAD ANUNUIAD ANUNUIAD ANUNUIAD
AT & & & &
(20 %8au39UUF1)) | (40 %VoTUNTY) | (60 %uBauTIUFY) | (80 %uBUTIVUT)
Al 0.913 0.934 0.783 0.000
A2 0.984 0.976 0.9748 0.975
A3 0.987 0.942 0.9436 0.958
A4 0.916 0.904 0.8674 0.900
A5 0.935 0.946 0.8982 0.927
A6 0.964 0.9 0.9482 0.940
A7 0.966 0.945 0.563 0.000
A8 0.933 0.916 0.9214 0.923
A9 0.979 0.941 0.435 0.000
Al0 0.898 0.875 0.854 0.840

v P4 2 H 1
MU 4.3 99A529ANUHUIVINITININMITUFUTUOY FHavewmWudan]a@masuLINyw



v Y
M990 0.7 meaQﬂﬁﬁugﬂﬁaﬁﬂmummuwmﬂammmiﬂszmmm

Lmﬂﬂéﬁyummiamqﬁugﬂ FuRl | dui2 | Suis | auia | 3uds | mao (kN)
20 osdud 107.5 | 108.5 | 106.1 | 107.7 | 107.2 107.4
40 oS dud 1199 | 117.8 | 118.7 | 1174 | 116.1 118.4
60 losiHud 159.6 | 160.6 | 1649 | 1602 | 161.7 161.6
80 1lesiHud 1734 | 1797 | 1758 | 1782 | 179.9 178.2

M Y E4
3197 V.8 ﬂ'J”Ill“ViLlWJ@QNﬁﬂﬁ]”lﬂﬂ”liﬁi!gﬂ%ﬂﬁu yHaveHUAAI UM IUszunmam

94

ANUHUIHD ANUNUIHD ANUHUIHD ANUUUIHD
AT ] 4 & &
(20 %vau59UN31) | (40 %upausaunuz1) | (60 %ueanTaunuz1) (80 %uoaTavug)
Al 0.912 0.853 0.810 0.000
A2 0.983 0.96 0.946 0.868
A3 0.966 0.987 0.965 0.963
A4 0.894 0.919 0.847 0.857
A5 0.962 0.859 0.933 0.900
A6 0.957 0.988 0.947 0.934
A7 0.99 0.979 0.876 0.365
A8 0.948 0.935 0.920 0911
A9 0.989 0.978 0.885 0.243
A10 0.917 0.832 0.881 0.890

v Y v
MNA V.4 ﬂﬂﬂﬁ’]fﬂﬂ’NN‘ViUﬁJ@\‘lWﬁ\iﬁ]1ﬂﬂ'lﬁﬁug“lJ‘151!QWU‘HU@“UﬂﬂllNuﬁﬂlﬂﬁWﬁ'ﬁJﬂWi

1Jszuaa
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d‘ dg’ 4= a £ A 9 ] 4 1
M1919N V.9 LLSQ“]J’ENﬂﬁ"IJ‘L!E‘]JGU’ENﬂii’J’JUﬂGIf‘L!ﬂf"liQ’NﬂaN%M%uTﬂLﬁuW1ﬂu8ﬂaN 8 WU. 6D

daduveaHuladvasy

Lmﬂﬂfgmmdmmﬁugﬂ Juil | aufz | qufz | quia | auds | mde (kN)
20 osdud 14120 | 134.93 | 144.63 | 13643 | 13898 | 139.24
40 oS idud 150.43 | 15325 | 15424 | 154.68 | 15128 | 152.90
60 losiHud 169.60 | 169.65 | 168.07 | 167.58 | 169.26 | 168.98
80 1lesiHud 182.18 | 195.42 | 184.11 | 187.21 | 186.17 | 186.53

v Y v 1 H
M3197 4,10 ANVHUVBINITININNITUFUFUOY FlavewRudalaFimdon

ANUNUIHD ANUUUIHD ANUUUIHD ANUHUIHD
AT 4 4 & &
(20 %v039U31) | (40 %v0a39UT) | (60 %v0an3IVUT) | (80 %vBNTIVUTY)
Al 1 0.938 0.943 0.000
A2 0.990 0.973 0.949 0.979
A3 0.882 0.935 0.890 0.857
A4 0.942 0.941 0.978 0.955
A5 0.994 0.979 0.998 0.813
A6 0.953 0.979 1.000 0.987
A7 0.882 0.930 0.792 0.000
A8 0.961 0.913 0.880 0.892
A9 0.935 0.928 0.863 0.000
A10 0.915 0.913 0.886 0.919

v 9 Y H 1
MNN V.5 J9ATINANURUIVOINTINNMITUFUFUOIL sTaveuRudauadrdsy
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d‘ dg’ 4= a £ A 9 ] 4 1
M19519N V.11 u,sqeuaqmimugﬂﬂjmﬂsmmwﬂmmmawmmmaumg{uaﬂan8 HU.910

dadavvesnula@imasuuinyy

Lmﬂﬂfgmmdmmﬁugﬂ Fuil | quf2 | qufz | 3uia | uds | mde (kN)
20 osdud 140.51 | 146.68 | 144.45 | 148.63 | 14638 | 145.33
40 oS idud 161.42 | 163.80 | 164.48 | 164.75 | 163.55 | 163.60
60 losiHud 168.80 | 168.67 | 168.07 | 168.68 | 170.68 | 168.98
80 1lesiHud 184.50 | 187.45 | 183.64 | 188.18 | 188.88 | 186.53

v Y Y 1 H
M39T 612 ANUHUVINIIINNMITUFUFUOY savewrudanlaF@masuunywy

ANUHUIHD ANUNUIHD ANUUUIHD ANUUUIHD
AT ] 4 & &
(20 %vau59UN31) [ (40 %uaausaung1)) [ (60 %voausaungl)) (80 %voausaungl)
Al 0.934 0.854 0.000 0.000
A2 0.934 0.917 0.924 0.924
A3 0.890 0.889 0.871 0.871
A4 0.965 0.970 0.931 0.922
A5 0.914 0.898 0.798 0.839
A6 0.880 0.939 0.983 0.909
A7 0.860 0.840 0.788 0.778
A8 0.948 0.895 0.877 0.874
A9 0911 0.907 0.147 0.000
A10 0.931 0.890 0.884 0.392
A1 -
A2

v P4 Y H H
MW 0.6 99ATINANUNUIVOINTININMSVUFUFUOU FTiavesuHURA) M TMRsuLINYY
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d‘ d? 4= a £ A 9 ] 4 1
M1919N V.13 uswmmﬁmgﬂmmma’m%uﬂmmmawmmmﬁumquaﬂan 8 UU. Mo

dadruvoaruaimumslseuiaa

Lmﬂﬂfgmmdmmﬁugﬂ Fuil | ufz | qufz | 3uia | auds | mde (kN)
20 osdud 134.61 | 13635 | 13247 | 133.84 | 13628 | 13451
40 oS idud 145.67 | 147.74 | 145,79 | 149.80 | 14590 | 146.98
60 losiHud 166.05 | 164.78 | 164.56 | 163.39 | 163.07 | 164.37
80 1lesiHud 183.11 | 18421 | 188.01 | 182.31 | 182.12 | 183.32

v Y Y
15190 .14 mm‘wmmmwﬁwmmﬁugﬂ%mm yuavHUAaamumMIlszunaam

ANUNUIHD ANUUUIHD ANUUUIHD ANUHUIHD
AT 4 4 & &
(20 %v039U31) | (40 %v0a39UT) | (60 %v0an3IVUT) | (80 %vBNTIVUTY)
Al 0.857 0.824 0.461 0.000
A2 0.907 0.932 0.926 0.962
A3 0.898 0.894 0.860 0.845
A4 0.963 0.979 0.977 0.966
A5 0.920 0.905 0.846 0.845
A6 0.887 0.911 0.906 0.979
A7 0.857 0.869 0.843 0.000
A8 0.929 0.917 0.924 0911
A9 0.872 0.886 0.420 0.000
A10 0.878 0.876 0.715 0.956

I A9,A10 A7,A8
4 7 !

:

A2

v 9 Y
MWN .7 fgﬂm’mmmwmmmwﬁqmﬂmieﬁugﬂ%mm yuavoLHUAaa MUz

1
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A.1 MINATIUMNNINTGIH ASTM ES17-92
8{ & axda Y v o d ' . . .
msnageuussaudulisnHenl¥manuduiussenig Engineering Stress-Strain

Curve 110£eIN30I IR IUIUI True Stress-Strain Curve 1o lins WA sqaauiAnmanaves
Saqlumsnaaeuiitenlvlumsnadeunuuasgiu ASTM E517-92 1ag ASTM E646-91 10
1 madeugddeadiullediedhn Taefsasanunsoaiszana 1w, dewdi
2) gamgivaiziinsnadeusdi 20-25 esrusaFed
A.1.1 MANTUIAUDITAG SPCC — SD NAFDUMUNINTFIU ASTM E517-92
nageUFUIT 0 pam

NNAUNITN 2.18

In(25.10/21.90)
v, =
* In ((21.90x60.50)/ (25.10x50))

~In1.146

ry=——2 =2 545
In1.055

Y v
NAFOUFUNIUN 45 971

In(25.10/22.62)
]/' =
¥ In((22.62x59.42)/(25.10x50))

~In1.109

r. = =1.508
“* 1nl1.071

Y v
NAFDUFUIIUN 90 097N

In(25.10/22.10)
]/' =
" In ((22.10x60.16)/(25.10x50))

Inl.135

yy = =2.209
In1.059



MINVOYANMINATOULTIAT 92 1ATUNT Power Law 0
A
150
logo, —logo,
p=—>=—-1 =2
loge, —loge,

ry, =2.545
rs =1.508
oy = 2.209

. (ro + 21, +r90)
" 4

]
[

nndoyah laduamer r, =1.9425

n.2.2 MAuaNIaveIiag SPCC - SD NATRUAINIIATTIU ASTM E646-91

M99 A.1 Yoyan1snAaeLIIIRUHANNA1 SPCC — SD

Test No. Test date Area Max. Load  Tensile strength Yield point
mm? kN N/mm?2 kN

1 2013-04-18 25.10 7.83 312.00 6.05

2 2013-04-18 25.10 8.09 32241 6.06

3 2013-04-18 25.10 7575 308.84 5.56

Yield strength
N/mm?2
241.05
241.27
221.40

100

Elongation
%
20.00
20.00

20.00



101

8.200

7.380
6.560
5.740
4920
4.100

3.280f
2.460f
1.640}

0.820}§

mui a1 dulfems lnadavesiag SPCC-SD
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Gii]ﬂ’!"lN‘W%’] mmnmﬂmgﬂmaaman SPCC-SD

A STUDY OF THE NON-SYMMETRICAL DEEP DRAWING PROCESS PARAMETERS
INFLUENCED A FORMABILITY OF SPCC-SD STEEL

e Yawe Jas anafl @ng drunes
mafsdmnrsugaaams ansdensumesd swinsdomeblafrwuenaiyyd

2
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