LY ]

UNanead 204301

@

saﬂﬂmﬂuwuﬂu“ﬂmﬁmﬁmmuawmﬂmmawmmu“luﬂiwmumssuusﬂiamuwu

o

ﬁvfﬁ%wmamummﬂmswmwammﬂmimﬂﬁeﬂﬂu“luﬂ'szmum'smugﬂamuwu Tag

v a o Jdo  w 4 s awv 3 A [ =
ﬂ1§ﬂ1ﬂ1ﬂ')'lulfs\luﬁﬂf]ﬂﬂ'lﬂWQﬂ%uualrllll“%l@ilﬂ‘]ﬂ! HA9TUIVINIHUANHIUN NI UAITITY
o @ A a [ To = A o A s
ﬁ'l'ﬁ31’1'@1’131/]1]fﬂiLW?Jﬂ'J’]?JLL“UQLL‘UUVl@IW‘Wiﬂﬂﬂ LWIUﬂuiﬁﬂgﬂﬂﬂ']u'lujflﬂﬂuﬁﬂﬂ nNNa
o A A A < = 9 & ' v o co Ao A
Eﬂuuﬂﬂﬂllﬂ’]iLWllﬂ'J’]NLL"UQHUTJNﬁ?JV]QﬂElGHGluQ’]umu;ﬂiﬁﬂguwu AIUUNITIVYUINY

1 { o a ' o % 4 A <3
annenegiimsnyveuamsifiasessudmiu Tanghiimaiua nuudauu ey

~

(] = o ~ 4 = v ° [
TudauusnueaInoidwus nsmsizinisiiasesdugnlslunisviuienai

[] ]
= 1

Y a A o @ = < 9 4 '
ﬂ'}]'lﬁJlﬂu')ﬂﬂﬁﬁ'lﬂﬁﬂiﬁﬁgﬂﬂﬂW'i&W?Jﬂ']ﬂ'NﬂJLL‘U\‘]LL‘]J'UWﬁﬂJ Iﬂﬂi‘]ﬂﬂﬂ!cﬂﬂ'ﬁﬂi']ﬂﬁ'lukﬂm“ﬂ

]
ad a

LweﬁﬂmwaﬂﬁmmﬂﬂammmﬂqmmﬂﬂmnswmLaaumwuwawﬂﬁuﬂﬂmammiﬂﬂﬂ
L!.ﬁ%vlﬂLlﬁﬂﬂWﬂﬂﬁ’slﬂ'ﬁ131’1L‘lc_‘luLLN‘L!ﬂTW"lIﬂ51ﬂﬂﬂ15Lﬂﬂi@ﬂﬂuﬁ’Wii‘Uﬂﬁ%’U’Juﬂﬁﬂlugﬂ
Tanzury  HanITANYINLI VUIALASNANIUDITLIZNTADUA N UIVDIRNINITATIA
a 1 1 9 = P A d‘ o a 4 o v
unansegnulagasinemanuAnInga Hude wWegagudnaisiinsarndoudmrue Tl
=~ 9 9 4 ° Y1 9 = A dgl 9 4
NANATUANUAUNA ﬂi]sﬂﬂﬁﬂ’lﬂ’JHJmuﬂﬂ’JﬂquﬂnJ’lﬂﬂJu Hazn1gAgUINa I
- A o ] ~ 9 ¥ KR I o Y 9 = as
Amsasindoud el lufamedwanududs Ared lnanudunaingatiaanas
1 { N a 4 o = 3 1 ~ =y =y 1
ludrufaesvedinnidnus ldhnsimsigdmmanuduingdlumsinasesduy

o @ =3 cg =2 - v o o =3
AMTUNTTUIUMITAIU LA uazuamNa1ugﬂmamwumwmmﬂﬂiaﬂﬂuﬁmmmim

@

=<

,.-3’ = Y o =2 Qs o :.:'d 1 1 Y - - =& 1
VU3 ‘]J an "lﬂmmsﬁﬂmaqmuﬂieum a9 EJWﬂﬁ’e)ﬂ']ﬂ’NMﬂu’Jﬂf]ﬁ HRAINNITANHINYN

1
ISP =

ﬁ’JLL‘iJi“V]?Jﬂ"ILWﬂJﬂluL!ﬁ’J‘Vl'lﬁlﬂﬂ']ﬂ'J']il!, ‘L!Qﬂ‘QGILWNGUNWIN ) ANUNUIVOUHY Tane

maFthsanshldudedaennion dmfudunlsiitmanawdninldanuduingd

'
a

3 A o A 9 o U o T W a P=t
WUYU 7D ‘iﬁilﬂi]'llliﬂﬁ‘ﬁﬁﬂ ANAITULAUAITIN ﬂ1ﬁ34ﬂ3$ﬁ1/]‘ﬁll’€)ullﬂi°l)”ﬂi@ﬂ A 1vYn

o o o 4 o v 4
ATANYOITUNITINITATIN f’f'l'ﬁ5‘1JN'ﬁﬂi‘”?’lﬂ‘ll@\ﬁ°’fJ“’ﬂ'lSLﬁ@uﬁﬂu‘l’iuﬁﬂl’ﬂﬁ‘ﬂﬂﬁuﬂﬂﬂ']ﬁ

-'.'U‘

N’Jﬂ"liﬂiWﬂﬂwﬁ@ﬂTﬂUWMLﬂuﬁﬂﬂﬁiuﬂi mummwugﬂaﬂ "lﬂNﬂﬁW‘ﬁTllﬂﬂJﬂuﬂuﬂ‘U

m3anu ludauusn



Abstract ) 0 4 B 0 l

Wrinkling is one of the most common and important problems in sheet metal forming
operations. A large number of research works have been done to predict wrinkling in sheet metal
forming process by determining the critiéal stresses using the bifurcation functional.
Unfortunately, most of these researches were aimed only for the metal with isotropic hardening,
However, there are a lot of metals having mixed hardening property used in sheet metal forming
operations. Therefore, to study the wrinkling limits for mixed hardening metals is the objective of
this dissertation.

In the first part of the dissertation, wrinkling analysis was used to predict the critical
stresses for mixed hardening metals. Three mixed hardening yield criteria were used to study the
effect of back stresses on wrinkling limit. The numerical results of wrinkling prediction were
presented in form of wrinkling limit diagrams. It was found that the magnitude and direction of
back stresses directly affect the critical stress , namely, increasing back stress component toward
the compressive stress direction will increase the compressive critical stress but increasing back
stress component toward the tensile stress direction will decrease the compressive critical stress.

In the second part of the dissertation, the critical stresses for deep drawing operation were
predicted and presented in form of wrinkling limit diagrams. The effects of various material
parameters on the critical stress values were studied. The parameters which cause the increasing
of the critical stress values when their values are increased are : the sheet metal thickness and the
hardening index. The parameters which cause the increasing of the critical stress values when
their values are decreased are : the magnitude of principal curvature radii, the yield stress, the
anisotropy parameters, and the yield function exponent coefficient. For the effects of the back

stresses on the wrinkling limits, it was found to be in the same manner as in the first part.





