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NATCHAYA MURACHALI : DESIGN AND STRENGTH ANALYSIS OF
THE SEAT ANCHORAGES FOR LARGE PASSENGER VEHICLES
USING FINITE ELEMENT METHOD. THESIS ADVISOR :

SOMSAK SIWADAMRONGPONG, D.Eng., 80 PP.

BUS/ SEAT ANCHORAGES/ FINITE ELEMENT/ ECE REGULATION NO. 80

In the present, large numbers of people in Thailand uses the large passenger
vehicles for land transportation due to its convenient and save. However, the safety
issue is also important to consider. Refer to Thailand Accident Research Center
(TARC) information, when the large passenger vehicle has an accident, some of
passenger was injured due to damage of the seat anchorage. It is know that the safety
regulation on large passenger vehicle is under consideration and still currently
insufficient. Department of Land Transport has proposed new safety regulations for
the large passenger vehicle to ensure more safety for people when traveling with land
transportation such as bus. The ECE Regulation were brought to consider as existing
reliable regulation in the world. Therefore, the aim of this study was strength analysis
of the seat anchorages, according to ECE Regulation No. 80 by using finite element
method. The result of this study, the maximum von Mises stress was occurred on the
floor anchorages which over the yield strength of material. The DOE teaching was
employed to indicate significant factors to the seat anchorage strength. The improved

model was found to conform the regulation.
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5210075 10 Tuvidaduud (finite element method) 11U DeUIB1FIA 1Y (numerical
] 1] Y ]
method) FHianilsnlFiuasunsmuaienamaslaslszauna dmiudymiais q lu
a A A P 1 1 9 a v d A
NUNNIAINTINHIDINBIMN AN TTId I InIinsznoualeszDUaNNsIBIOYWUTIeN
a I a Z’, SJd' A 1 o
a5 usTevesyrniiumeldtou lvveuwaiuanareny Tasgdnssvestlyn
= o 9 ' 3 ¥
pnlianugudousulanld
é’, =\ an Ia A <A 9 1 I
Juaouvoszilouds W luivadmudisuduninnisunisginssvesiymioonilu

a a 0

g’; Jda Aa < o [ 1 a a 4

daamuagy q AU AN W luisadmuad s uusaz B UANTTUUANNS
a d ~ 9 % g’/ Y =K 1 a a o’dy Y 9 o
e YNUTIosNToandoINUT Y ITY 1AI9ITINAUNITINUAISDARINUALIIIAIINY
' Y Aa 1R a S Yy = J
nelrinaszuuaumsTwvnaluydiesuiganius lnssiwveayniiu mniudalszgna
4 2o v " 24

NRoulvveuvaimuald neuudszuugumsvinalugiiliomnamas Taelszamaiy
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2.3.1  aUNIBIOUNUD

3 Aa A ] an o A
ANvAUgavDIoIINLIMsdangu I luawiaduaaslugili 2.3

{ o 1 I Aaa
JU7 2.3 aAnwaugavedwnuala o Tuvesuisauia

@ [T

] a J 1
awnsodeonlogluzlvesaumsiFoyiusdonlans

=he

0
oo Ty OT,, +F =0
OX oy oz
or,, Ooc, Ot,
axy+ ayy+ ay +F, =0 (2.3)
Z
or,, 07, oo, CE -0

lag 0.0 .0 unUANAU TN X, v, Z UEIRL
unuANUAUR U MUY X, v, Z MUEIRL

F.F,.F UNUITIIAY (body force) TUHUANY X, y, z MUAIAY

]
(3

4 k4 ' o A A Aa
Roulvveuwaoivvzlszneu larenarsguny wu msmmuaszeznsnfeundiuuig
Y1aaIu TuvaedIaIudu 9 In1smivuatou lvvednnuduinig (surface traction)

Tugnuunalal e



T=Ti+T,j+Tk (2.4)

z

Tas T, T,, T A9 ANUAUNA IUAANMUIU X, y, z MUEIAD MAFUNITN 2.4 TNTDVEU

Y Y 1 Y v dy
Tdeglugiunuvesnnududosa q lanail

X X Xy Xz X
T,r =17y o, 7,10, (2.5
TZ Xz TyZ GZ nZ

I a
Tag n,, n,, n, Wudiemalnlnivewnnes

n=ni+nj+nk (2.6)

2 g P v A Ao o a v & A N Y
%Qlﬂuljﬂlﬁﬂiﬂﬁ\iﬂ'lﬂ UHI U IANNTIANNITITAUIDYUN HDNIINWNOU LUYUDUVIVANINILA
9

9
% Y4

< an = ~ . A a X [ o 9 o
GU'EN!,LSUQslu’ff'lllll@@1%%3“?]31“&?]58@%“@]1& (prestraln) nnevuagnoal Vl’]alﬂﬂﬂ'lﬂﬁﬂwuﬁ

53W’j’l\?ﬂ’)’llﬂﬁ}uuagﬂj’lulﬂgﬂﬂiﬂﬂﬁb’)qﬂﬁ@
o} = [Clie - &) 2.7)
Tag

T
{0'} =[GX o, O, Ty, Ty, Z’XZ:I (2.8)

(e} =le. & & 7y 7p 7a] (2.9)
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l-v v v 0 0 0
v 1l-v 0 0 0
[C] _ E 1)) v 1-v 0 0 0 (2.10)
L+o)(T-20)| 0 0 0 (1-20)/2 0 0
0 0 0 0 (1-21))/2 0
0 0 0 0 0 (1—21))/2

g’/ 9/& a

} Llﬂulﬂﬂlﬂﬂgﬂlﬂﬂﬂ’]'liJLﬂdifJWIfuﬁuGﬁQGW%LﬂﬂNWﬂWﬂWaT&JﬁHWﬁ] U 91940AD1N

9 9
v A S A

uaz {e,
{ o [] 1 1Y [ B Y ] g 4
it q fu T(X, y, 2) dula ldwhdulunsgisuiinneedil fe

QUYL

{go}T=[aAT oAT oAT 0 0 O] (2.11)

a

4 H H 1
Tag o unuduilss@nsnmsveneda naz AT unugavginnlasunilaslivningumigil T, .

Y
[ [ %

I A ) [P= FY dy
Wugangiiniagiulilinnudu il
AT =T(xy,2) - T, (2.12)

232 Wanvuulsiu

a a o s d Q'J
Tumsaduauns I luisadwuddwmsudymimeduveandslasialal

o

o A a d o ~ Ay 1 % @
’(,’Hllﬁi‘l‘lmvlﬁliﬂ‘t’JLiiJi]1ﬂﬁ'3Jﬂ1iL°]f\i®1§ UD mﬁmiuﬁumw 2.3 uaﬂ%’aﬁmimmmuﬂ

S A

Y A Yas = A Yas o o & Y I
Lﬁ‘]ﬂ@]ﬂﬂ’]Qﬂiﬂﬂ1ﬂﬂ$ﬁl%jﬁﬂ1§uﬂiwu G]NW’]ﬂLa@ﬂbl,"]f'J‘ﬁLLﬂiNuﬂ’llﬂu@@ﬂﬂ’lﬁﬁﬂ"]ﬂuﬂ u

° 1 'o 1 a Aa v J Jou @ 1 o v <
VHﬂ”ISWTﬂ”IGnquZ%}’J%gﬂ@clﬁ}!,ﬂﬂﬁllﬂiﬁlﬂfﬂ@uwu‘ﬁﬁﬁﬂﬂ)’usﬁlﬂﬂﬁnﬁﬂwaﬁﬂuﬁﬂﬂi’m uuﬁ@
J=U +V (2.13)

* A v d' a ds@’ G [
Tag U fo Wﬁ\i\ﬂuﬂlﬂﬂ"llufMﬂﬂ’Nlllﬂi‘t’JﬂEl,‘Ll'JGI’L]l

Uu" = |:6‘ - EOJ{G}dV (2.14)

N -

I
Y

unu {o } vInaums 2.7
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* l
U = EI[E - &][C]{e-&,}dv (2.15)
\
= o Y o @ v
PINAIVINNTSVIYDBNUAIIANIUAN 9 fllgllﬂ

T —j[g][C]{g}dv-J[g][C]{go}dv+%J[go][C]{go}dv (2.16)

4

A *d v v A a [ A (a

Tuaunsf 2.11 Tag V' Aswaaudnaownaainusaing (body force) NU511035 V ay
9/ ~ = = (2 tél

LLi\‘WIN’J (surface traction) ‘uumwuwu‘ﬂ S H3 mmﬁﬂmﬂu”lﬁ“lugﬂgmumu

*=-I(qu+Fyv+Fw dv I Tu+Tv+TW
\ S

=-f[u v wWKF tdv-[lu v w]iT, +ds

= -J[SJ{F}dv-i_SJ{T}ds (2.17)

~ oA ' 4 J a o

Tagy [8] ununeesNlseneudeannaeudl u, v, w lufrmaunu x, y, z Muaay
A (% a g’/

{F} LL‘VI‘L!L’JﬂW]i’JS‘ﬁ‘]Ji%ﬂ@ﬂﬁ?ﬂ!tiﬁ’)ﬂiﬂuﬂﬂﬂ”lﬁllﬂu X, Y, Z VINUUUNUTUNIT 2.14 1A 2.15

9
asluaums 2.13 swmmdanudndswlusduny dail

I[elicHetov-[[e][C]en}dve 3 [[a][C e ov- 1[5 (F v
J

- [EJ{T}ds

J=

N |-

(2.18)

= o Y 4 Ja a o o v a A Jd a v 9
Faawsarh I ldlunmsadeaums I lurisadmuddmsvdadwudria aaq la
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233 aums i lundadmud
vasnnnulesFundlsdudaasluaunis 2.8 Smfuiagnaldlu

awdaudn ansoadeaums W' luisadwuadmsudadmud luauiana 1Ula

9 ]
GUUG]ﬂull’iﬂﬁﬂﬁuJJﬂaﬂ‘]elﬂ!gﬂTﬁﬂﬁ3%Wﬂ‘llf)ﬁﬂ'llﬂﬁﬂuﬂ’ﬂl‘lﬁ'mﬂﬂﬂN Tag

1 A Y 1 a = Y ] J v a a 4
mmaeumimmax‘ﬂﬁmqmmﬁmmw“lw@g“lugﬂmaaﬂaﬂ%umﬁﬂﬁxmmmﬂiuaaamu@]

1 zﬂl (% o 1 1 9Y v dy
LHasAINIINADUAN T muwmwm%mu

0(x.2) = | N(xy2) [
v(x,y,z) = [N(x,y,z)}{v} (2.19)
wnyz) = | N(xy.2)fw)

WiomeusIuiu1dN
[5] =[N(xy.2)][5] (2.20)

Tag

4 G [ = Y [} A J YA
NNRBTANNATIAAILEAS IUTNNIST 2.9 ﬁ'TlITiﬂL‘“’Uﬂuiﬁﬂgiugﬂﬂlﬂﬁﬂﬁmﬁﬂuﬁ’lllﬂﬂf)
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ou
OX
ov
g, oy
g, ow
& | _ oz B
leh= eI =[B(xy.2)]{s} (2.21)
7yz 8y OX
7/XZ @4_@
oz oy
ou ow
__|__
0z oX

a 4 [ o o 1 9 4 o
Iﬂ‘(’l [B(X, y,Z):I l,mummﬂcmamauwu‘ﬁizwawmmmuuazmimﬁaum UINUNU

o o @ ¥
FUNS 2.20 1AL 2.21 a9 lUAUNTVDINAWIUANDTIV 2.18 i]%hlﬂ

3 =21 [51(8 [CI[B] 8} av-[[S][B] [Clis}dv
+ 2 (w][Cleaov - [S]INT {F)av-[[S][NT {T}ds

viseeuge lan
[5][K]{5}dV'[5]{Fo}+%J[80][C]{8o}dv'[5]{':s}' [6]{F} @22

Tag
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d'dy A a A o < < A s A
TuN [K] Aedaatuuavedn1uuLaTaLns g {F,}, {Fy}, {F} Ao lranInNAesLiedu1a1n
Y 9 o AAa o w = Y Ja a L) Y
ANUAUAY, LIIIAY LASUITINNI AUAIAY Fasrenusaaseaums W lusioadmud 14 1ag

1o [ o d [ o
fnﬁw'l‘ﬂ’li‘v’lTq@GUQQWﬁ\?\?’l“ﬁﬂﬂi’)ﬂﬂﬁllﬁﬂﬁiuﬁuﬂ15 2.22 uuﬁ@

-0 (2.23)

= Y a Ia a J g’; 2 v o o L a a 4
GlNi]$ﬂ@clﬂlﬂﬂﬁllﬂ1ill1/‘lhluﬂﬂﬁﬁLllu@]i’]ll‘ﬂ\i’du 12 gUNITYYAINIT U UIDAINUAUDN

a a & A v A ) v Y v A ~ Y
paauanIsaninlszneualsulagane N9 12 aumsdesilansaveulveglugiues

Y
v A

a S Y
’L’fllﬂ'lilll@liﬂclfhlﬂﬂilu

[K[{o}={F}+{Fs}+{R} (2.24)

& v I a é’ S 9 A g}/ = [ L4
DUIADYNUTNUNAUVUIIDWIUNTINNNATUUNNDUDITUNIT 2.22 HUNAUNINUFUY

A d v J 13 Jd o A o A 1 o 4
L‘L!EN%”IﬂWﬁ]‘Llﬂ\?ﬂﬁTJ]hJHJ‘lJ‘VQ\hﬂ%uﬂlﬂﬁﬂTﬁLﬂa@u@n'ﬂﬂqﬂ@]ﬂ wawmﬂizﬂaummﬂmuﬂ

a a o a a o’y I o Aaa o o 4
BAANUAIINNIN ’e)aamumﬁmﬂuﬁumsizumammmqamm !LéJQVITﬂTiﬂTﬁuﬂﬁf’Ju“lsU

= N y 9

Y 4 v ' 4 o 1
Gll’fnmm!,mmﬂmmﬁiz?Um’gmﬁ’amNaaW‘ﬁﬂJmmmﬁaumﬂﬂﬂ €] AN D AL mﬂmmﬁ}u

q Q

[

Tuirmaans 9 eunsamuinld laens ldaums 2.7 wag 2.21 4l
{o}=[C][B{s}-[Cl{&} (2.25)

Ja a J a a J a J ' dy aa o A o
me‘iUl‘NUlum)aamummzaaamuﬁmmﬂc}smﬁ 9 mmuiuﬁmummmmﬂﬂuﬂmmauﬂﬂ
Y da A 4 a a o a S o vy a A L = A
ffi%ifffllﬂ']iU],"V\Iulu‘i/]f)aﬁliluﬁLLa%ﬂﬁalNuﬁlNﬁiﬂ“ﬁﬁ’N 9 ﬁminaaamuﬁﬁluﬁm o3 190

aa A d‘ 9 ]
uiariady 18 1asd1e
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Y
aa A r A

TunuunuywIeuuVLARY NaHHaIlTend1 NBRANWITEN 1Y (Failure criterion

theorem) L1 11949910 ’SJETE] TR (Ductile material) it Q& ’Tﬁ’ﬁ] 1se (Brittle material) 1na
= d' J v [ =\ a = d‘ 1 Y d' a 49! [

ANWABIBNUANANNY TagTaaqmilerazinaanudsmisieamanuaunnaynluiag
. LR o A A Y 4 y oo o & Y.L

4 Yield  point Fuiudeiiis1 ludeanis mnzilionnudumnunil lludriagezidogi

[ 1 A Y 1 A Y Y o g‘/ d' 1 =3 = [ =
E]fJ'NﬂTJiUliJfT'liJ'liﬂﬂug‘]Jﬂa“LIQ'ﬁ'ﬂ1WL53JGIuhlﬂ PNUULINDNANIDIANULTINIYUDIITAUNUYN

9 = A 1 Y

2 L U [
NITABDINWADN Yieldstressélﬁi\iﬂ@ﬂWﬂ’JWllLﬂu i} Yieldpointﬁ'?li!’)ﬁ'ﬂ!ﬂi"l%“ﬂ%

2 2

13§ Yield point AN F 81 10921NATUNABIND TAATUAIMAUILAUNITUANHIDUINVD

¥ 9
[ v

A o A ' = = . o < Y =< .
IUDIAA AUULNUDONAIIDIANULT Y18 (Failure) mﬂﬂ?ﬁ@tﬂi?gﬂ‘ﬂgﬁ@\?wﬂﬂﬂﬂ Ultimate

q

=K 1 Y A o Yo a o ] < o = = =
stress “INL‘iJ‘L!ﬂ1ﬂﬂmﬂu‘ﬂ“ﬂﬂﬁﬂﬁﬂlﬂﬂﬂﬁlmﬂﬁﬂﬂﬂT\i‘liﬂﬂﬁJfNUliJiJ%i]Eg]ﬂ’ﬂmﬁﬂTﬂfJﬁWﬂﬁ

AqQ Yo o < ° v A A wAa [ o Y] ] 1 YA
ﬂi‘ﬁﬂﬂ?ﬁﬂjﬂfJ‘VI'JUhJﬁ'IﬁﬁiJ'Jﬁﬂ‘VIMﬁ‘JJUﬂLW]ﬂﬁ'l\‘]ﬂucluﬁﬂ'ngﬂ'J']iJlﬂuﬁ'N 9 Llﬁulﬂll

q Q

9
ﬂTﬁﬁ\‘lﬁ'llM@]ﬁ']Lljﬂﬂﬂ?ﬁW%TiﬂHTﬂﬁflﬁ%}%‘]ﬂlﬂﬁﬂﬁﬂ Iﬂﬂﬁﬂ"lﬁ’ﬁﬂluﬂ?ﬁ@@']ll‘l/\lf]@ﬂﬁﬁll
A ] 1Y I [ =t @
ANVEAYgUIoIIageRNI UMl Az
aa = v = Aa Iy 1 a2 A .
‘VIE]‘Hf,]Wfl]13'(2111?1’313“?1’81(?1ﬂﬂl@ﬁ’)ﬁﬂlﬁuﬂﬂﬂuﬂﬂi%uﬂg 2 NHHHAND Maximum shear
stress theory 161 Maximum distortion energy theory
= b4 A
2.4.1  NYHHYANNAUINDUGNGA

NOBHANUAWROUFIFA (Maximum shear-stress theory) 30 Tresca theory

[
=

o [ ddyo Y a é! d‘ 9 =) [ = 1w

mmumy;]umwu@"hm msmmfﬂ$mmumemmmumauqdqwfg@ﬂ,@Maﬁ@nmmm‘u
A A

3]

Y
anuduougegannadulunsainisnadeunsedalng dimsuanuduluvalsuny

< o

AnuRuRougIgaziudeaunsi 2.26

Q

Tmax = E(O-max_amin) (2.26)
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Tag o, 18z o, o MANURUMaNIIAMgIgauazmganud Iy iniosanlunsal
9 = P
anudulunnufel o =6 6,=0,=0 awlén
Gy
Toax = ? (2.27)

Y Y
NOERANUARUDOUFIZATNITUIIINTATINAIVETAQAAIUUUTZUY dd1 (slip plan)

q

a0 1 A

] ' b4
Weanuaumougegaliaigedmgeganimua I luaunisi 2.26 Auiunnauns 2.27
WUN

(2.28)

~ Ohin

Oy = Omax
dsuanzvosnNuIAudeINUYeIaguile  Wendasasuuns vl o, - o, Aanaaq
luzlh 2.4 munguianududougegaaziruausnui bildsuanudenie 13n1elu
A A A A ad D} Y} ' ™ ~
Vinanunglvnmasyveunsan ngugive Iinadeandetediauiniulansimiied
= 1 g a vy a =3 dy

v1lszan sedruiiawnsanionsan lanmniinsadanugIuvesn1snsinved lavs

4 - 5 g IC NN P & Lo
m31zmsn laneifansn)deugdimadued 1991951 MITINATUDUT UL 9 Hile F9Een)

A = a dy I S A 9 @ A 1 &
IeHIUAU mmsmmzmumwﬂuﬂsmgmsmmﬂmmmﬂuzgﬁqgaauiuﬁauwua
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ETJVI 2.4 UDUUAVDIANNAUIINNOHHANUAURDUTIFA

a I P a 9 v w1 ¥
nnsananudull1dlunsglvesmadaanuduranaase 1iil
A A 9 ~ dy
nsMN 1 01 o,>0,>0 wag o,=0(luni o,

Y )
ANUAIMIBIZIAAIUNUIAqIe 0, -0=0, =5,
d - - 2 4
N3N 21 o, >0> o, AMNUTEMBILINAVUIND O, -0, =T,

ad ~ A X 4
SN 301 o <o, <0ANuTEEMBIINAVUING O, = O,

o o
242 ngERNAINUveImslasugy

x =0, Uag o,

17

0)

NOHRNAIIUYINIT1/asug1) (Maximum  distortion energy theory) H3©

v P ]
NYUYIDUNALYE (von Mises theory) c’?ﬁﬁmquya‘l’?’n AIATINILNAVHILONAINUYD

d' 1 ] =) Qal d' 1] Y Y = 1 A 1 o/
mquaaugﬂmwu’wﬂimmmewmmﬂagmaﬁlﬂmmmumnummﬂmmiammu

% d' d‘ d' a ds@’ 9 = 1 1
wasnuvesnsidasusdiiesainnmisasinitnatulunisnaasualen15A90819918

U

o

1 o Ao qyYa a v =
ﬂWWﬁ\?\ﬂu‘ﬂ‘ﬂﬂﬂLﬂ@’J’]JGIﬂWEJGlG]L!iQﬂ\‘]

(2.29)
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NNANUFUNUTVOIANUAY ANAToauazoas1auT w0

O (o} O
gx :_X_U_Y_U_Z
E E E
e =-02+—2L-p=2 (2.30)

Lﬁ@&muﬁTﬂ’ﬂMlﬂ%ﬂﬂﬁMﬂﬁ 2.30 asludums 2.31 ﬁ]gulﬁﬁ'ﬂJﬂWﬁélJ’f)\iWﬁ/\iﬁuﬂﬂﬁJm‘%fJﬂ

aonuredSasmeldanudulu 3 U4 fe

U = %(o&z +0, +0; -2v(0,0, + 0,0, +O'30'l)) (2.31)

o { o Y a { a 9 '
wasnuanmaseati iimamsasuslauanizdinaes (U) mldTaunnua o,

dMsU o,, o, tag o, luaums 2.31

3(1-2
U, :ngv (2.32)
2E
¥
1-2v 2
Uv =6—E(O'1+O'2 +(73) (2.33)

9
[ Y

Ay szasamwasauvesmsiasugyl (U,) 1danmsiiaunis 2.31 aveensin

aunNIg 2.33
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U -Uv :1—|—U (01-02)2 +(02 -63)2 +(0'3 -0'1)2
3E 2

(2.34)

Up =

Yy 9 v
dmsunisnadeunguil YuusniTInITznssuateldnnudunnfeniune

Y
0,=0,,0,=0;=0 12187

1+v
U, :_05 (2.35)
3E
o o Y A ~ 1 = Y
MUTUICVUANUAURDUNIIBINIAY 0, =-0, = 0,0, =0 w2 lém
1+v
U, =—(012 - 0,0, +0'22) (2.36)
3E
2 g).l a 1 %
JUUNTINANITATINISININY
05 = (0'12 -0,0, +O'22) (2.37)

¥ [

a = <3| : J {
vinaiuigllugy 2.5 smdluldawenms 237 suduldweuwaszdauny o, M to,

wazdaunU o, 1 o, 1wuiu Wedagdaunis 2.37 nivg Idanudulrouiiaiye

AIAUNITN 2.38

2 2
O, =40y -0,0,+0, (2.38)

: a 9 o Y [ ' = X '
FamnwosananuauludnyazanuauRoun e 1AnITNZ NN 7, =0, =-0,

dipunumadluaunsn 2.36 MaNUAUIRUN YA IAINAUNT 2.39

o, = 4/3123)( = \/§ Trax (2.39)
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Tex = 09770, (2.40)

= o =) = o = A 9 1 o 4 =
‘?If\‘]ﬁWﬂl!']ul”lJHJ3‘EJ“]JL‘V]‘t’J‘Uﬂ‘U“I/If]‘]sl%]ﬂlf)\il‘ﬂﬁﬁﬂ']‘l’]ﬂ’)'lulﬂuL‘V]']ﬂl!Lm’J“VIf]‘H;]GIIENL“VIiﬁﬂ']

Y F) A ] = A & o Y = a 3’,
2 U5ZUNITATINAYANUAURADUDEIATIN Tmax— 0.50y mwﬂwmuamuummauu

=S 1

UAMgInNVINTAMBEITIIY 15%

A Y = [ A
gﬂﬂ 2.5 suau!,611msuaﬂmmmummﬂqygwawmmmﬂmﬂaﬂugﬂ

= o ] 1 = a
mﬂ%"wqyQmmmsﬁm%mmnuazﬂmmsmmsmm"lﬁ’dwmmqyQmamaummma

' 3 A 7w 19 1 do 1 A = Y ~ '
’E]ElNuliﬂGnmufNﬁ]Wﬂ‘ﬂ\‘]ﬂ“b'uﬂﬁﬂﬂﬂ"llﬂﬁlﬂiﬁﬂWulllGl%ﬁﬁﬂ%uﬂ@Lu@\‘] G]N@,h],@iﬂﬂgﬂ‘i/] 2.3 L

4

2 a Y @ A A o & = A o N Y
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"U’f]x‘]ﬁﬂﬂ%’l! ﬂﬂﬂlﬂﬂul@\?‘ﬂq‘Halﬁ]ﬁlﬂu‘ﬂuEliJGl‘lflll’f]ﬁﬂH'lﬁlulifNﬂ']ilﬂﬁflugﬂ’f]ﬂ'lﬂﬂ'ni



21

2.5 N1I9NUUUNIINAADN

. . 3 ax =2 =
N1399NLUUNITNAADY (Design of Experimental) AUATMIANMIDINANTENUN

Y 3/ @ v J 1 [ 1 dyd' 1 9 [ [ @
17998019 gl SIUNIANUTUNUTILHINYITeHa I UNTINaNT o g Auaealsaoudues
(Response) fauls Lmumimaawzﬂizﬂauﬁ'wﬂ;mmmimamw%iwmimﬁau (Run)
A Y =2 A o o A v K 1 ~ 1 =
ANhnuelunmsaneimsuasussauilataieiunnnaeuaueINLAaLT19NITNATDUH
o I Y Y Ao W = 1 A a 49!
mse@mmumsmamﬁmnﬂﬁ"1@1fm‘zmaag,a‘nmﬂtyuazuﬂmmwuWﬂﬂ’nmimammﬂmu

AW 1 Yo 1 A ) ' d qw 9 Ao o A
ﬁnﬂ\jﬂluTlllllllﬂjj_]ﬂ1iﬂﬂﬂl!u°]_llnﬂﬂu LWE]THf‘nTVIﬂa@\‘]Ll@agﬂﬁ\‘]iWﬁqjgﬂlauawﬁﬂl ‘Q‘mﬁ‘ﬂ

u Q

[

lunsnensninuIuIINg
2.5.1  MIvanUUUTHInNaFHaNUVADITZ AL

m3eenuuLBnNeSealuua0I5EAD (2° Factorial Design) 19 115NAA0Y

[ 1

= d’d o U 1 v o v A A % 1 gll
suuunneBeanUUINTBNINY k LazduIUsEADYeAaz T Ned 2 STAUMIYY

[ '
[] o (2 [

: Y o ' o Y S <
ﬁﬂizﬂummﬂfﬂfﬂmmazm%z@gﬁizﬂumqmmziz@mqwjﬂ muumi‘wﬂaaﬁuﬂmmu

= U

Y 1 1 1
2x2x...x2 (11U k AF9) iedny1dNTNaveufadenlned Il snouauediieiinIINAan

E4
ag A

= a S A a a 1 1 [ an o A Y
GleTm15i]’Jl,ﬂ‘jwmiE]Q@ﬂﬁwai’miz’lmwﬁﬂi]ﬂ I@ﬂjﬁufﬂgﬁuuﬁj’lwaﬂ’lﬁﬂﬂﬂﬂ,ﬂ
IS < Y ' 9 o oA A 2 o

P\ ﬂ‘]%lﬂ!glJJulﬁuﬁj\iﬁa@ﬂ%quﬂqjgﬂﬂm@\iﬁﬂgﬂﬂﬂlaﬂﬂmun’lﬂ’lﬂ'ﬁﬂﬂaﬂq

A A a = [ A G 2

ﬂimﬂ\i']ﬂﬂtzfﬂm@\ifnﬁ'i]@ﬂLLUUL%QLLV\IﬂﬂﬂﬁUaLLUUﬁ@\153@1] AD k=2 13502

~ Y Y o & [ ' o =~ v o @ =

wlnneisoa ﬂ'lslﬂ Allas B Llﬂuﬂfﬂﬁ]ﬂ‘ﬂ\iﬁﬂq ﬁi]ﬁ]mmazm’gﬁ]zuizﬂumuazizﬂUQQGN

ﬂgllﬂu@%}jﬂ!ﬂga\iﬂn'lﬂ “RE A Iﬂflﬂ']i‘ﬂﬂaﬂ\illﬁa$§18ﬂ1§ﬂﬂﬁﬂﬂﬂgﬁnﬂ 9 ﬁ15$ﬁﬂﬂla\1

NN 9 7998 daaaaluasan 2.1

A a = 2 =
A15197 2.1 MsanuuLTunneizea 2° unnneisea

Factor Treatment
A B Combination
- - A low, B low
+ - A high, B low
- + A low, B high
+ + A high, B high




22

2.5.2  MseanuuuAEaIMFaunneSuaaeIsTaL
1500 AUUUIANAIMITIUNNNOSoaa0a5Lan (2" Fractional Factorial
Design) A9 N13AAENTIT8IWI1LNTMTAATIUIUTIATNATOLIUHABYUIANITNADD
~ o 9 o ~ A o 3 ~ ]
nawsaila Tassiuausienisignidenuiiinisnaasuilusnienmsnaaouiioglu
k ~ 2 a Y A o o 2 o o Y
gANINAa0Ived 2" unneiFea Felenlgioduivuiateluminaaeslidiviuuin mlv
9 Y ° = A A A Ay
99 1FHUIINAADIVIUIUNIN FUNONITNAADID1IVI AN 130T UNITNAADINAD
3 o 1 a (]
15a1lunsnaasaiumaiuiu msiin1snaasuUREaFIunneFeavrzsie
° ' Y =2 Y 9 = A
anduIunlenaasdad il lauianeanaisvedeslFununisnaasantialuduvnves
uvlnneizea A 2" uvlnneisea

U

a d' d' v
2.6 J1HIVEUNINEIVD

Lo

a 4 =2 A o

4 Aa o [ 1
Lﬁ'ﬂ\‘li]'lﬂ\?'lu'ﬁ]ﬂfllﬂi'lgﬂﬂ'J'llILHNLLiQﬂJ@\?i]@EJ@‘WHQiﬂIﬂﬂﬁ?iﬂlu?ﬂiﬂﬂg}lﬁ
ﬂ’)'lllﬂﬁ9}1ﬂﬂﬁﬁﬁjuﬁ)ﬂﬁ'luaﬁlﬂﬂ'li°]5uﬂi$Llﬂﬂﬁ}'luﬂﬁj'lellﬂﬂﬂ'lu‘i/‘nﬂug ﬁ’HJﬁ\?ﬂ'lﬁ‘Vlﬂﬁ@‘]J
[ A L A =2 ) Av a A Y o a o
ﬂ’)'liJLHNLLﬁ\?"U@Qﬂuﬁiﬂﬂuﬁiugﬂllﬂﬂﬁ]u €] WUDUUFTUDITUIWYNLINYIVDINUVINUIVY
o 1 & v 79 aow 2y
aana1 399z 1dlszgnd 19 luauateiiaae
d a o a 4 { A
t:fi!“]ﬂeli YANT LA (2547) ll@g]juuﬁu@ﬂ'li’i]'ﬁ)ﬂl,l,ll‘]Jllﬁgj’ﬂ'liﬂlﬂi'lgﬂﬂ'ﬂlll,ﬁ)uﬁl,ﬂﬂ
4%1 v 9 ) o L)) ax Ja a 4 a 4
GU‘L!ﬂ‘]JTﬂﬁ\?ﬁﬁ'l\?LU'lgﬁWWiﬂﬂ?ilﬁl\iﬂ]uﬂjﬂﬁ‘ﬁllwulu%ﬂaa!ﬂuﬁllﬂﬂﬁﬂ@]Elﬁ'lﬁﬁi ATNNIATITU
= a J Y =\ Ja a 4 [ v A
FMVSS 207 i]'lﬂfﬂiﬁﬂ‘}iﬂNaﬂ’lﬁ')!ﬂi1$ﬁﬂﬁﬂﬁgl‘ﬂﬂllhlﬂﬂu%@aalllu@]“ll‘l‘ﬂ')’l Iﬂi\?ﬁﬁﬂlﬂﬂ
= A = Y = o & Y o Y 2
if]Elﬂ'JWMLﬁEJW'IEJ'lJﬂ'Jm@.ﬂEJ@TTHWLLﬁ$i]ﬂﬂﬂﬂﬁ\?‘:}fﬂﬁ@ﬂﬂaﬂﬂﬂﬂWaﬂllﬂinﬂﬂﬁiﬂﬂﬁﬂﬂﬂiﬂ
= 4 L A A
Kang, S.J., and Chun, B.K. (2000) hl@s]}ﬁﬂ‘hl'lﬂ'NllLﬁﬂﬂ'lflell'f)\ﬁ'l\uaf]uiﬂﬂu@]iuﬂiﬂ!mﬂ
Y Yy 9 = ax Ja A 4 yq ¥ ° A
mi%UﬂizLmﬂmu‘ﬁmﬂaﬂizmﬂua‘ﬁhlwulu%ﬂaamuﬁiﬂﬂhlﬂslmmumam 3UUUND
o d’d v A o d’d o d‘d
UUUADINULUIZUHASNUNNN,  UUUIINADNNULIRNISIUIS UL L!UU%Tﬁ@QVIﬂJLﬂWT%IﬂiQ
A o a = A 9y a Jd Y
JNIDU LLﬁZﬂTﬂTﬁﬂﬂﬁ@ﬂﬁ]ﬁQ!ﬁﬂﬂl‘ﬂfJTJ!W@GIi'J%ﬁ@Uﬂ'J']?J Qﬂ@@ﬁm@ﬂﬂﬁﬂ?ﬁ?tﬂiTZVTﬂ?ﬂ
- Aax P 7 = ! o A a kS ¥ -
'izmﬂua‘ﬁ"lwvluwaaamu@mﬂmiﬁﬂ‘ﬂ1Wu31LL‘UUﬂmmﬂmawwiﬂﬂummNafﬂzu
] A 13 A Y A Y A @ o A~ v A
mmmmmma@umﬂmiﬂﬂﬁaumeJLmﬂuuVl“lﬂammﬂmmumammﬂmzuazwuﬂ‘m
o 9 a J Y =1 ax Ia A oA 9 1 ) A
u,azENGle’Jm“luﬂ”li’J!,ﬂiwwmeizmEJ‘U’J‘ﬁ"l‘V\lllu‘Vlaaamu@]mu@fJﬂ’nu‘UiJinaamﬂJL‘uwuaz
v A I [l ' -
WuﬂWQLﬂu@ﬂ”Nll”lﬂL!ﬁgﬁl1ﬂWaﬂ"li‘Vlﬂﬁ@‘]Jﬂ’J"IllL?Tfl‘l(nﬂﬂlﬂﬂi]ﬂlﬁ@uﬁ]”lﬂﬂ"lﬁ‘ﬂﬂﬁ'ﬂ‘ﬂﬁ]ﬁ\‘l
=\ s ~ = < v Aa o = 9 [ a d Y =1 as 4
um”lmﬁflmﬂmi}%ﬂmmmﬂmﬂﬂ%ﬂﬁaﬂﬂammmami’Jmﬁzwmﬂizmemaﬁmqulwlluﬂ

dadua



23

< { &
Zolthn, T., and Sandor, V. (2005) ladnuinnuudaussvesiniieso lagensuagaau
< { D a
udau59v099Adaiesn Taeas lned1989muNInT§IUNIsNATeY ECE R80 11z ECE R14
: o a a dAa o
FUNMINATOVITIANNIATTIUMINATO LA AT IZ TR aa20 1151050 ANSYS 910
v
MSANEINUIINMINATOUAIONIATFIUNITNATOU ECE R14 tiul¥naminadounsounqu
: 3 { <
llfamInaaeudlsnasgiunanagey ECE Rso Falivuaouninageuiiiabinagiia
fN
9
Mayrhofer, E., et al. (2005) ladgnu1nsiAagiamaueIsn Iaga13nInIssunszunn
9 Y 9 [ a 'o 9 ~ as Ia A s A I
AUNI AUNas waznsnanadi Areszibendsnie Il lunsadmumnedunuinieluy
Y
msUsulgesnTaearsuazgd lasas Idianudasassuiniu anwanmsanyrludiuaes
MIFUNTUNAAUNUINDDINITNATOUAWNIATIIUNITNATOU ECE R80 WU M3 1%
3 v A o = Y v @ ] v A [ =
dWindatisnonuy 3 9agaz Inanulasanunugd lasansuinniudndailsseuny 2 9ada uaz
dy 1= Y] [ 1 a = [ sty
Wusn Tagasaz lulimsgasunasnusznNunansyunszunn 3eansammualdiuyes
< @ < <
solaoensitluiaguiansald
YR 3 o = A = ' o
Heo, U., et al. (2011) 1@ANEIAMNUTINITIVOIAANTA T1UADUTINDIFAUNUTOITV
{ & 1 a < < v A o J
NIz AINNUAANAIAVOIHANITNATOUAINUAILTIVOIATAUTUTAUTAYTZN I
o a d Y Ia A o Y a ag
MINATOUNUNITNATIZHA28 I IuiBaduud Tned198935 M snadouUaIuNIATF I
a ks . a s
MINAAOU ECE R14 lagmsdnsiznuuunsadnemaaialollsunsy LS-DYNA 910
= U a J = a J Y a J Y
MSANEINDI191INNITAATIZHRASFoRsUNITNGIIANNYNABIVDINITIUATIZHAIY
Ja A L= ] 4 4 1 = @
Tdsunsulo'luddadwudinnuin¥edetiosninnasinnisnaassiiailndifesnuna

a

J Y Ja a J 2 1 A d A < @
1NNITIAUNS ﬂﬂﬂiﬂillﬂiﬂqwquﬂﬂﬁaluu@!Lag"]ﬂ!ﬁ')uell'f)\i‘ﬂ'Ll\illﬂ??ﬂllﬂlﬁlliﬁiuﬂ?ii'ﬂlliﬁ

l
o A

ﬂi$1/]'l1/l§,'l\3§\1§]1llﬂ§]‘ﬂlﬂfl‘ﬂﬂﬁf]°ﬂ
Y= = < v Aa o
Caputo, F., et al. (2012) laAnu1mMsfTsuiisunsnageunansnaaaUiiuvatisfe
A 3 @ a da o Y ~ as Ja a o 9 o
GU@\11/]‘L!\‘]ii]vlfl/\lﬂ’Ufﬂi’Jlﬂ‘i1$WL%\?@'JLﬁ“U@'J‘(’JiZL“UEJ’U'J‘ﬁWNhl”l/\lUlu%f]aﬁlﬂuﬁiﬂﬂsl%uﬂﬂﬂ'mﬂﬁ
' v v 9 o A Y a da o 9y
@EJ'N\‘]1fJIﬂ‘(’Jﬁﬂﬂ’J'liJ“]ﬂJ“]f’f]u"U’f]\1LLUU%1§@QLW@1W€1@L3€1WGl‘Llfﬂﬁ’Jlﬂ51$WL6]5\W]’JLE’I"UI@EJGl°]5

Y
uidﬂ‘izﬁﬁwmmnmmgm ECE R80 i]1ﬂﬂ?iﬁﬂ’]&l'lW'U’Nﬂ'lﬂ"]'lﬂJlﬁ}u’Jf]uﬂJﬁ!,c]fﬁ’g\?qﬂmﬂﬁu
{ 9 [Y] 4&

a 1 AR A = @ = a Y a2
Uilﬁmﬂqﬂﬁﬂﬂﬂﬂﬂﬂﬂﬁﬁﬂ“BQLiJ?JHJ%EJ‘UW]EJ‘UﬂUNﬁ‘ﬂ']ﬂﬂ?ﬁﬂﬂﬁﬂ\i“]ﬁmlu‘llinm‘gﬂuuﬂ!ﬂu

v
a a

1 v K A @ Y a d Y =\ as Ia A 4
%mﬂt:]@]wuﬂu%wmwammsaEJuﬂu”lmm”mmﬁzwmmzmﬂmﬁwmulmumaamum

q

)

Nlszansnmlumsineing



=
unn 3

v
U

YUADUMIAUHUN IV

3.1 panih

= o

Aawv a J < [l
MIANEIINBAATIZHANNLT T IV0IATaNTIvesTe Taeasvuialuadleseiiioy
an Ja a J I = A < A 4 ]
35 I lusigaduud dumsAnyuionaaouanuudanssvesgainiisa lasarsvinalng
a 1 v a 9 a dAa o 9 asy Ia a d A
siazgwiniauen laeldnszuiunmsinsiz iz aiasaledsnie W luivaduudiiio
] = A g 9 Y Aa ax
PE1UAL NN UNITAAAUNULALIZHZIANMINATEY AT 1NDIITMINATDUAINNIAT 1N
< g , . .
NINAADUANINUTINTIVOIABANIITD Tnea15UU1A 11D ECE Regulation No. 80 341w

aw g Avogy A 4 = o ¥y A4 vy
\1111!3%811!?]3@‘14]1@Gl“]fgﬂlm‘]_llm&‘lliﬂﬂsll’EN°I/I°LNi’JiJ‘EN’Jﬁﬂsllﬂﬂiﬂiﬁﬁiﬁﬂuﬁiﬂﬂqﬂm@yjamﬂ

[

USHN Fadegadimnisy S1na toadnuagMruaauiaiaavewny Inseadeiuesians

Q

v
7

a A o a Ja A 4 1% @ {
TunszuIumsnnIeHsdaavaeszionds W lunsadwud 19udnyas IndiReanunii
D) ~ Y = 9 a Y Ja A 2 ad = Ad
Auuuuniga nuuIsdgnszuaumsianziale I luisadwud lunsainyadaia

(B 4 a [ 9 A Y <
lirumunusiveunasgiu azlimsesnuuutazlivl e lassaienusIvianundans
1 4 a
HiuaunaginiasgiunisnaaevulasldiTniseenuuunisnaasd (Design of
experimental) tWoANH MG sNdamanoa1A AU Insead1eituiei U Tyl

Taseadeinisae 1 dwaadluusuralugli 3.



[

nagoUaNIAITgY

Yy A D
palasaadanissa lagans

A 4

asuuTaeIniiasa lagans

\ 4

91809N1INATDLDE1IY

A 4

NATOUAINYNADI

voalalsunsu

%Lﬂi?%ﬁﬂ’NNLL%QLL?Q"U’EN@@EJ@?IMQWJEJ

Tlsunsy 1 luvivaamud

A 4

= )

Anzuazaglnaminaaey

v 9
gﬂﬁ 3.1 UHUAALE AT UADUNTAUUUIIY

25



26

3.2 MSnagauaNIAlan

Q
Ed

a <Y =1 ax Ja A d v Y 1 va A
nszUIUMIIATIZHReT2lou T Il luidadmudiudesssymauiiaging
@ Y v o Aq v a s A £) a Jq ¥ £y Y
aqlinuuuudiaeanlelumsnnsziinenugnAvIveINan1sANIILH 1iaoanadn1
H Y L
MINAABINTWINNEA AaluTIReiIMInaaeuaniadinavesiaguesInseddeaniiesn
Tagens #4188198931059 119 1Az IBTMINATOUMWUIATFIUMINATOULTIAIDL Tane
ASTM ES8
1 v A { a 4 Jda a 4 g‘; v
mantarnanlglunsinszime i luisadmudinazdsznonlidre Tugda
ANBANEY (Modulus of elasticity) A2 1WA UATIN (Yield stress) 1Az A19A51d U290
(Poisson’s ratio)

321 MSMENTUNATOU

{ ] a < '
Iﬂi\iﬁ%N“ﬁH\ﬂl@\ﬁﬂTﬂﬂﬁWi ﬂigﬂ’ﬂ‘ﬂ‘lﬂﬁjﬂﬂlﬂﬁﬂ 2 FUA ﬁemaﬂuwuuaz

(43

E4
= =S

<] J 2
Mannaoy 11!ﬂ15ﬁﬂ’]&ﬂﬂi\‘luﬂﬁm3811“])’1!1/]ﬂﬁ@°]JGlﬁ)ﬁGU‘Ll”I@IGH?J‘JJ1ﬂi§1uﬂﬁ°ﬂﬂﬁ@‘ﬂui\‘ia\1

(%

Y ' o A Yy A Y} 2 A
GUENT’MT% ASTM ES8 thiilgﬂiN ﬂ\ulﬁﬂ\jgﬂﬂ 3.1 %391izN3Jmﬁnlsl)"‘llu1ﬂ“llmslfm/lﬂﬁﬂm/lmﬂ U

20

4 o w o 2 <] ! : v @
lﬁ@\1ﬁ]']ﬂ%ﬂﬁ]’lﬂﬂﬂlﬂ\‘]ﬂ?’]ﬂﬂaﬁ\ﬂlﬂﬁaﬁﬂ TAgFUNAFOUVIINHANNA IV UTIHAEND 130
v

2 <] | Z = 2 g a2
YUIAAY (1) HASFUNATDUIINIHANTUADUUUISHUUIANY (2) FUUUMsanuUIATUIIU

@ { % o 9 4 v 9 9 .
AMuIATFIU Aaaslun1esed 3.2 Fedamensosdasieadn 1vih (EDM Wire Cut)

o
Y
JCW

STl

A

H Y
317 3.2 AN FUNATOVITIAT ASTM ES



H Y
A1519% 3.1 "’Illﬂﬂ‘lfu‘ﬂﬂﬁ@U@]'lﬂJﬂJ'lG]ij@ﬁﬁ/]ﬂﬁ’E]iJL!iQﬁﬂ ASTM E8

27

YUIA (mm)
aals

(1) (2)
AWY1UND (G-Gage length) 50.0£0.2 25.0+£0.1
AN (W-Width) 12.5+0.2 6.0%0.1
AWK U (T-Thickness) ANUNUIVOITAY
Seilveeaiu Ina(R-Radius of fillet) 12.5 6
ﬂ’JnlEJTJT%:QWNﬂ(L-Overall length) 200 100
ﬂ’JHJEJTJE“?’Ju@g]}nJﬁ"]J(B-Length of grip section) 50 30
ANNNT9UBIFIUMUDTY (C-Width of grip section) 20 10

NATUAAAIINITAANUIATEA (Strain sages) tiorn1oas1d N Iw0s

(Poisson's Ratio) ANNIATFIUNINATOUHIAIOATIAIUTIH0INQUH

QU

U0 ASTM E132 1u

a o ¢ 9 [ {0 1
\1']1!’35]81?!1&]5 Lﬂi]’)ﬂﬂ')'lﬂlﬂdﬁﬂﬂ ?JW@ KYOWA §U KFG-2-120-C1-11L1M2R A714817LND (Gage

a a 1 9 d a g’; Qy a [
Length) 2 aaiua s ﬁmmmmu‘wm 120 IE]?JW A luruOIUNATeY 2 NANIY AdlEas

{ Y . a @ (L g a 1 [ )
517 3.3 Tasl¥n1n KYOWA Adhesive M3AANIAANNIAIIANTUNIUNY 3ZAANDUIUIN

U

@ A Y Y =
N1INAADN 1 U !W@Glﬁﬂ']:]l,l,ﬁ\iﬁu%

317 3.3 dusnlimsdanatannunssaiion 1A 19n I 1d IV ITD N



28

3.2.2 m‘smaammﬁa
A P A A =
Lll’E]]lﬂG]f‘Ll‘V]ﬂﬁ’E]‘]J‘Vlll"’IJ‘L!"IﬂGHlIlI1ﬁ5§1uﬂ15‘ﬂﬂﬁﬂﬂuiﬂﬂﬂ ASTM E8 493
< ' <] 1 a v W '
ManuUAullaslviannas L!.agﬂﬂLﬂ*ﬂ'Jﬂ’)ﬂﬂ’)nJLﬂ%fJﬂﬁWNNW@iﬂWUﬂWi‘VIﬂﬁ’t’)‘]J‘I/i']ﬂ']
o ' A Ay ' o 9 o ~
emwmuﬂwm‘wqquuﬁm ASTM E132 !La3@@ﬁ"lﬂﬁiyﬂlu"lﬂ!lli’\l“l’\l"lﬁ]']ﬂlﬂﬁ]’)ﬂﬂ’)"mlﬂﬁﬂﬂ
A UIATPIBIUA AL TUANAIAUATOA (Strain Indicator and Recorder) §W® Vishay ju
4 < ' o a g o 2
model P3 L‘ﬁﬂlﬂ‘uﬂ'lﬂ’]'liJLﬂ%ﬂﬂ%?ﬂlﬂ%?ﬂﬂ’ﬂﬂlﬂ%ﬂﬂnﬂ 91 'Jlﬂ‘ﬁ AMNUUUIFTUNATDU
YNATOULITIAIAIATEY Universal Testing Machine Y893 INSTRON U414 100 nlatinau
<3 Aa a Y A A =Y o o £ {
@%‘c’lﬂ’ﬂiﬂﬁ') 0.75 mammﬂmmﬁuaz 0.375 Maalilﬂﬁﬂ’f)’JU']ﬁﬁ?ﬁﬁﬂ%l&ﬂﬂﬁ@ﬂﬁﬁﬂﬂllﬂﬂ
Yy
AUFUNATDUVIA
=2 Yy I ! Y A
ENﬂﬂ']S“VIﬂﬁﬂ‘]JLLiQﬂ\‘]UlWIJ@iJ“a‘tﬂﬂﬂ?ﬁ’lﬂﬁ'ﬂﬂlﬂuﬂ?ﬂ?TMLﬂullﬁgﬁZﬂZﬂﬂﬂlﬂ\‘]

msnadeu tiodundmuiamsaniavedigaannsanuduius sz nineanuduny

Gl Y [ A 1 1 Y 1 9 @
ANULATYA ﬂizﬂau"lﬂmﬂmaﬁmmﬂﬂwquuazmmmmumm Iﬂ&lﬂWﬂ’ﬂll!,ﬂuﬂiJ

U

Y
%

) sy 9 <3| ' 9 G a . .
mmmiﬂﬂ1/1Vl@i]1ﬂﬂ15%ﬂﬁauumﬂummmmuuazmmmiﬂﬂm\nmﬂiim (Engineering
. Y] ~ a < Y =\ an Ia A 4
stress-strain) Aua@Adlugli 3.4 uaz 3.5 lumsTanziaresziDonds lWlundadud

o ' a ES 9 o Y ' Y
fnﬁﬂ1ﬂuﬂﬂ1ﬁuﬂ@3ﬁﬂﬂfjﬂwa1ﬁﬁﬂuufﬂzg}@\iﬂjﬂﬂﬂiﬂlﬂuﬂqﬂgqulﬂullagﬂj']lllﬂdiﬂﬂ

a . : 1 v Ay {
999 (True stress-strain) CTNﬁ"lll’liﬂW’lﬂ’]ﬂ')’]iJLﬂu-ﬂ'J’lﬂJlﬂdﬁﬂﬂﬁ]5\11@%’]ﬂﬁﬂﬂ’l§‘ﬁ 3.1 18 3.2

oy = oz (l+¢&) (3.1)

& = In(l+¢&) (3.2)



29

700
600 m—
—~ 500
& _‘I._I._._...-.—----_----------.-__~~
= 400 =< s
§ 300
&
9 200 True stress-strain
100 . . .
= = = Engineering stress-strain
0
0 0.05 0.1 0.15 0.2 0.25 0.3
Strain (mm/mm)
~ o v J 9 ~ a
:.j“lJ‘V] 3.4 ﬂiTV\ILlﬁﬂ\1ﬂ’NMﬂﬂ\lwu‘ﬁﬂ’ﬂmﬂu-ﬂ’ﬂumiﬂﬂi]i\maz
Y a I ]
ﬂ’gmmu-mmm‘%ﬂﬂ’;mmm UBDIUUANLANU
600
500
/a 400 —_-_-_—---—-'-----------~
A - = ~~
= Ss
300 *
g
»n 200 True stress-strain
100 . . .
= = = Engineering stress-strain
0

0 0.05 0.1 0.15 02 025
Strain (mm/mm)

~ [ v d 9 ~ a
gﬂ‘ﬂ 3.5 NIMLAAIANUFUIRUTANUAU-ANNATIADI LAY

a <] 1
ﬂmmﬁ'u—mmm%mmmm UDAUUANNADI

' a2 @ =) A o Y A o < '
ﬂTﬂ'NiJLﬂﬁﬂﬂ‘Mﬂlﬂ‘ﬂ’)ﬂﬂ’ﬂiﬂﬂﬁﬂﬂ‘ﬂ’)ﬂllﬂlﬂﬂu”liﬂwaﬂ@lﬂiﬁ/\li%ﬁ??ﬁ

.

ANUIATEA TUIUIVINADLTINTEMIaE AR EA TUIWIE1IN NI INTEI Aduaadlugiln
v Y v b4
3.6 1Az 3.7 annsadiamasandntived I8 nauns 3.3 TFUNATOUNI 2 WAl

IA9aT1d@ NI UNINY 0.25



U= (d&, [dF)/(dE, |dF)

30

(3.3)

0.0025

. —
0.002 -~ '
H
g o @ Longitudinal strain
E
'E 0.001 B Transverse strain
i
7
0.0005
- = L -1
0
8900 9000 9100 9200 9300 9400 9500
Load (N)
A [ Y4 [ [ =
E‘lh/] 3.6 ﬂﬁ'W\lLlﬁﬂ\‘]ﬂ'JTJJﬁllwu‘ﬁ53ﬁ'ﬂ\iﬂ']ﬂ'nlllﬂiﬂﬂGlu!!,u’JsU'J'Nllag
1 o o I ]
ﬂ']ﬂ’nlllﬂt%ﬂﬂiutlu’lﬂT?ﬂ‘ULlﬁﬂﬂﬁgﬂ']allﬂﬂlﬁaﬂllwu
0.002
g o0
E
g
E 0.001 @ Longitudinal strain
=
§ B Transverse strain
v

0.0005

—————————1

1900

2100 2300 2500

Load (N)

2700

2900

3100

A o o J J 1 =
qi'ﬂ‘ﬂ 3.7 ﬂi'W\ILLﬁﬂ\Tﬂ’ﬂllﬁll‘l/\lu‘ﬁ581’1’J'Nﬂ1ﬂ31ﬂlﬂiﬂﬂ1u!lu’ﬂl’ﬂ\1!m$

' v o < '
?ﬂﬂ’ﬂlllﬂ%ﬂﬂiullu’)m’mﬂLLi\iﬂi%‘VlﬁlﬁNmaﬂﬂa’EN



31

1% a 8% = ad
3.3 ﬂ1iﬂi?ﬁ)ﬁ'i’)ﬂﬂ'ﬂugﬂﬂﬂ\‘lelli’)\‘li‘lji!!ﬂﬁ&lﬂ15'3!ﬂi1$1"iﬂ'385$!‘”ﬂ‘”'3ﬁ

Il undadmun

v
Av AKX

a o ] =2 A d Y a Aan o
QTL!T«Uﬂuﬂﬂ‘lsn!,WENﬂTﬁﬁmiwwﬂﬁmmlQLLNﬂlﬂﬂﬂﬂﬂﬂﬂuﬂﬂwiz‘}wu%‘ﬁ‘nNlli'\lllu‘lfl

2

9

a a S 1 ' o Aa 4 < {4 2
’é]ﬁmiJum“lmquﬂﬂuluulﬁlﬂ1ﬂﬁ1flﬂﬁﬂﬂﬂiﬂlﬁ®ﬂ%1ﬂﬂ1'§1’lﬂﬁ@ﬂﬂ31mlﬂlQlliﬂﬂlﬂﬂﬂﬂﬁﬂﬁuﬂuu
Y 9y S Y A a & = ] @ 9

ﬂ'e)ﬂm‘uﬂizmmmmmﬂlﬁvqumazmﬁvmﬁ@‘u%Nmumuummqwmmumu

¥ A ) a ) A aa Ja A 7
L‘Wﬁ']%ﬂzuul‘W@ﬁﬁﬁﬂﬁ@Uﬂ'ﬂﬂJQﬂﬁ@\‘]ﬂl@\?ﬂ'ﬁ'}mi'wWﬂ'lﬂﬁglﬂﬂﬂﬁ‘ﬁ%'lﬂulw]luﬂ@aalﬂuﬂ

= 9 v A ~ A o a ' I
ﬁ]\?ﬁﬁ']ﬂ“ﬂﬂ%ﬂﬁ@ﬁ@EJ'I\N'IEJLW'E]LIEEJTJWIEJ'UWaﬂ’li‘ﬂﬂﬂ'ﬂQﬁ]iQﬂUWﬂi]'lﬂﬂ'li')!ﬂi'lzﬁﬂ'lﬂllwlluﬂ

aauA
3.3.1  MS99NUUUUMSNATDY

a o dyllﬁl

NIATINAOVANNYNABIDINUIT T TAnadounIsTULTUROUIRGIVDS
o <3 ' 1 [ a @ d
aan Tag s manadonldldmanuniu 2 udu Usznunuuazdadndledan udrldgunsaidy
@ 4 4
gad1nUinIodnadeUiound s aaa Universal Testing Machine ¥ ®3 INSTRON 419
a a o & o oA 1 <3 [ 1 o = A
50 nlatiay Faiurianurmanlsenunuazed lunuIguenaIIue A 1o
[ [ : o { : I a 4
TdaanldsvusuRowdoddwaaluzli 3.8 yailumsnageunvudiaemdaas Taegld

<3 Aa A 1" A [
AMWGEY 1 HaawuasAeIUIN WdanVIA

- =

r il
LU T T T
— | — —

Jn
M

Yy 9
(2

717 3.8 MIAaArUAIUNATO



32

AINAADUNIITSUUIUNDUIAIIUDIAAN 1AAALINITAAIWIATIAVUIA

Aa A { 1 { < 1 ¥ 1
AITVYIIIUNDT 2 YAaALUAT CE!JTST)E) KYOWA §U KFG-2-120-C1-11L1M2R ‘ﬁmammum 2 UHUY

Y
a U @

TaelidumisAaasaananslugln 3.9 Gaemedyaialdihanmaiannuaioadiny
3099 1UA AL UNAAIANUATEA (Strain Indicator and Recorder) Mo Vishay g'u model P3
A g ' & @ a a A A ~ 1 =~

MRINUAIANVAIIAINNDIAANVATEANN 9 1IN 1HoIfT8UNIUAIANUAIEAIINNIS

a o 1 =~ a <Y = ay Ja A 4
T]ﬂﬁ@‘].li]iﬂﬂ‘]JﬂTﬂ’ﬂllmiﬂﬂﬁﬂﬂﬂﬁ’uﬂﬁ%‘ﬂﬂ?ﬂizL‘]JEJ‘]J’J‘H‘I/]1\1111/\|11‘1!1/1661@L3J1W]

I « Strain gauge

O

A o [l F A <3 '
g‘ﬂ‘i’l 3.9 AN UN strain gauge NUANLUNY

L4 J <] 1 o
gunsaimsnageulidiulsznou fie (1) wanuru (2) daninden (3) uilu
Jd o <] 1 o 4 @
NAe7 (4) 1HIUTEY 1ay (5) gUnsaituda Tasmanurugnean laoinsosnaalsada lilih
. [ Lg 9 A = <3 ] v A @
(EDM Wire Cut) Lmzﬁaﬂgﬂﬂlugﬂﬂamﬂimﬂm IMANUAULASAaNUYUIAAILEAI U

A o Ag Y o = ~ 1 R
i‘ﬂ‘ﬂ 3.10 ?fflﬂ“l’lsl,ﬁlfﬂluﬂ”li‘ﬂﬂﬁﬂﬂ%3‘VI”ILﬂﬁfJ’JLWfJ\?LLﬂﬁ’J‘L!ﬂﬁ”IEJW]”I‘L!H

U



33

UAULN (Haawas)

ga | /'y i
70 100
@10 —
A
15
v

l— 30 — |« 2

aan (Uaawas)

d L g, X
717 3.10 vinavesyuaIUNIIMIYUG

3.3.2 Nﬁﬂ1§ﬂﬂﬂﬂﬂ!!§ﬂ!$ﬂu!aﬂ’3

o

i‘ﬂﬂﬂ”l'i’ﬂﬂﬁ’e)lllliﬂﬁdl@‘LlLaﬂﬁlﬁﬂiﬁluix‘lﬂi$ﬁ1%ﬂﬁ5ﬂﬂﬂﬂ ARUBILLIINTEN

a

@

o A A A Ay v A o < o
ﬂ‘llﬁzU$ﬂ1§lﬂa@uﬂiul!ujﬂ\icﬂqﬂﬁ]’]ﬂﬂ’]ﬁ‘ﬂﬂﬁf’)ﬂ Lll@u']]'lﬂWﬁ@@lﬂﬁ’]i’\lllﬁﬂ\‘]ﬂj’]“ﬁuwuﬁ
' A A v o 9J 1 @ [ A Y
FEUINNTAADUNUBDITSUUNULUIINTSN Llﬁ@\?clﬁlﬁuj']ﬁaﬂﬁ'lﬂJ'ﬁﬂiULLﬁ\nﬂ@uulﬂEf\jq@]

a % 3 d’ é o ' o dy o ' d‘
sz 4,000 HINU muﬁ@ﬂugﬂ‘w 3.11 cm%mmgmﬂig‘ﬂm"lﬂmwuﬂﬂmau"lwamw

Tumsaaszralteszdeouds W lunsadmudaaie11sunsy MSC Marce 2011 @01



34

5000

4000

3000

Load (N)

2000

1000 @l E xperimantal

0 0.2 0.4 0.6 0.8 1 1.2
Displacement (mm)

519 3.1 nsludaInINANTUS T2 HINMSIARPUNYBIT VLN DITINTZIUBININATOU

a d o A = v Y = A ia Aa d
3.3.3 ﬂ]ﬁ?!ﬂﬁ]%‘ﬁﬂ]ﬁﬁ‘ﬂlliﬂlﬂﬂu!ﬂﬂ’J‘llﬁﬂﬁﬁﬂﬂ?ﬂizlﬂﬂﬂﬁﬁ“lw‘luﬂﬂﬁﬁlﬂuﬂ

uuuTaeInInado s uReuAsIgnas1elas Tsunsy SolidWorks 2011

[

1 Y
Tagliaaudsznoudwanaslugii 3.12 naz luauiseilldldunusiassadnuazuiiuuny
Y

d

A A o 9 a = ax Ja A 4
nlllll!,ﬂﬁEJ’JLWE]ﬁﬂﬂ’J”Iil“]i‘]J“]fE]‘LlLLa&’ﬁﬂL’Jaﬂufﬂi’Jlﬂ31$“riﬂ’ZIﬂi&’LUEJ‘U’J‘ﬁVlN]lV\I]luTIE)amiJUW

Sheet Metal

3U7 3.12 amtlszneuveuuuTIaRIMINATRL



35

kS 1 a A J o 9y 9
VINUULUIDAANUAYOINVUTIA09028 11 5Un 51 Patran 2011 Tae 1
a a 4 A 9 1 = Y (@ a A 4 1 A 9
P0AUANTITNI 4 9AAD (Tetrahedral element) H4 1AL UVLIADARWUADINANTUAUVDA
o Qld' a A Y =X a a 4 3’; a A d'
Tlsunsy Tasfmvualin 3 Hadwas udrRsaavavesdaduudainssas 0.1 Jadwas e
1 1 1 a { v : 1 a a 4
nFeufeuamanuuanavesnnNu LUl dagganaan ¥95znIN0aaWUAYLIA
A71M817 1 Aadwasny 0.95 Tadwas JA1M1INLANAINYDIAIANUIALIB UL dITAgIga
1T @ [ d‘ = A Ja a d'd'd a A d'
WA 2.37% asuaadlugdi 3.13 wag Judenlydadmudanivia 1 Jadas 1103910
a P 1 [ ] 1 [ X o
THra1lunishasigiidesnaz Inainugndeseglusieieonsula Felisiuau

a a o 1
78,534 9aaldUA 20,510 INAD

480

460

440

420

Stress (MPa)

400

380

1.15 1.1 1.05 1 0.95 0.9 0.85
Global Edge length (mm)

{ 1 a v Aa a J a a
Eﬂﬁ 3.13 ﬂ'lﬂ')'llllﬁ}u'l’ﬂullﬁl%ﬁﬂlﬂﬂﬁﬁﬂﬂ@aﬁl&lu@ﬂlu’lﬂ 0.9, 1 4o 1.1 Uaatuang

vAa o d' 9 o 1 [ 4' a 7 Y = ax 4
duiiadagnldlumsiimuaaridqivednsiziareszidonds 1o lus

a a J Y 9 = = o Iy ¥
@aamu%mﬂﬂmﬂiu MSC Marc 2011 hlﬂﬁ]']ﬂﬂ']iﬂﬂﬁ@ﬂ!ﬁ\?ﬂ\‘] ASTM E8 G]J'Qzl]g‘ﬂ'](lﬁ“lﬂ

1 T
aA v =

o Y A [ a d' 1 [ 9 9 [
nameunialndifesnumanadouaianniiga lasmauiiaiaan lglsznou lare Tag
a 9 (% (% d’
2 a8 aanaadlumsan 3.2
o d' U % = d‘ d' o/ %
Mruaou lumsduiaueInIsnagounsuR U Iagidou s dusa
4 Y] o [ o 1 Qy ] g’/ Qy 4 a [ ] 4
2 Noulymsdudd Ao MIduATIZHINFUTIUNITOITFUTOUAANUDE1TUYT A (Glue
@ @ 1 qy 1 g’/ Qy 9 v [] [ 9
Contact) 1A MITUAATEHINFUAIUNIA0IFUA 15D Toa bdua luauisausnainiu'ld
(Touching Contact) Fam3smvuaiden lumsdudavesmsnaaeuusufouned lauansaaly

A
ATTNNN 3.3



36

De

1 =

M350 3.2 ALATAQUOIFUAIUMINATOVUTUNOUIAL?

Young's Yield Tensile Poisson's
ﬂfﬁﬂmﬁﬂ Modulus strength strength ratio
(E : GPa) (Y : MPa) (MPa) (v)
mﬁﬂuw'u 2 Haamng 193.392 370.0 465 0.25
AIST 1020 9.483 360.0 —376.7 488-41 0.25

] ' v '
A15199 3.3 ﬂ'liﬂ'lﬂuﬂﬁ’ilull"’llﬂﬁ’ﬁllWfﬁ$‘VI’J'N“HHET’JH"’IJ@QﬂﬁT]@]ﬁ’E]iJL!iQLﬁ’E]HL?]EJ’J

R EE A o o
FUFIUN 1 FUFIUN 2 Qou lumsduia
<3 ] 1
N GERITGITGRN) Touching
< aan Touching
IMANUNU(UY)
UAIUTON Touching
o XK .
gUnsalduBa(UY) Touching
aan Glue
< 1 1
N RIATGRN)] il Touching
& 1
gilnssidvda(ai) Glue
. UAIUTDN Touching
aan 3
il Glue

1 H 9
mmruatou lvueuwavosmsnagouusuRowmeIiy 9z 1dusanse i
A o < ] i C ] A o J o <] 1 kS
Niagquiaunielasiiuglnssidnda usaninsziivsgndelddunanunu msizaziy
4 o . { d v
lumsAnuinmsnadouusuRounyRedvz 1¥usansziuunga (Point load) NgUnsaiiuda
A o a 1 zg v = A v R U q Y A A
(V1) 3119 4,000 Hadu Tumwziarmaurazdvganginsaituda@n) lilvindeuiinaz

Ny uTuNNNAN (Fixed displacement) Aduaadlugii 3.14




37

=L

= ° A A =
g‘]J‘I/] 3.14 miﬂmummu”lwammmmmimaauuﬂmaumfn

Y a C% = aa
334  wWanmisnsivdeunnugnaesvedldsunsudinsiznialasziianis
da A d
Tllundadmun
o A A 9 A J .
INNMINATOUM TS UVUTIROUIAYIAIATOINATOUIOUNY T2 HIA Universal
1 v 3
Testing Machine (UTM) Y11 50 0 laadu fldusensesinusunaaeuaunseniadnuia
= Y a d Y = ast Ia A 4 ]
mafFeuieunnugndssvesTdsunsudnnzialeszidionisnie W lunsadmwuaszuiia

o 4 1

I S A ~ A A @ o
iy 2 Nl Ao ﬂ']ﬁlﬂ%ﬂ‘ﬂl‘ﬂﬂ‘llﬂ')']llﬁllwu‘ﬁﬁgﬁ'J'Nﬂ']ﬁlﬂﬁﬂuﬂm@ﬁﬁgﬂﬂﬂﬂllﬁﬁﬂﬁzvn

P 1]
a K =

= = 1 = { < 1 @ a 4
azn oo ua1n AT eaNNATUNUANUAUUDINITNATDUNUNITIUATIEH
Y = ay da a 4
Moszdevisne v lundadmug

= 1Y o J 1 d‘ ~ @
1) HanTfSeuMeua NN duURUTTEHI19MISIAABUNYITEUUNY
o a Iy =\ as Ja a J
HIINTZINVOIMINATDULAZ NI AATIZH A2 Tevd s I lundadmiue
A o Ay ¥ < o v 7 1 A A
iweilwan lauindsansnuaainnudunRuUs sz IS naouUn

% o d‘ = % a v d' %
YoszuunULsInTE oS eufeunanunmsnadonase awaaslugili 3.15 Tagdaszes

A ~ o K = % 4 1 A ~ [
manaouNveglnialdudauu) Fa9rnnsvanuduiussznINmsnaeuNveIsUDNY

l,l,iﬂﬂiZﬁTINU’Jlulu’JI'I:{’J"U’EJQfﬂiLﬂaﬂuﬁﬁlﬂlliﬁﬂiZ‘Vh"UENfﬂiﬂﬂﬁﬂﬂﬁﬁﬂlﬂ%@ﬁﬂﬂﬁ@ﬂ



38

J o a 7Y =1 am Ja A = ~ 9 [ = 9
L@‘L!ﬂﬂ§$f‘Nﬂﬂ'iJﬂ'li'llﬂi'lgﬁWﬂ3853l'iJfJ'iJ'JﬁTI'NllWUluTI'ﬂﬂamuﬁllwa‘V]?f'i]ﬂﬂaﬂ\ﬂﬂu c]N]lﬂ
= ' A ' ~ o I A Y R A A
Llr%fJ'iJL‘VIEJ'iJﬂ'Iﬂ'J'IllNﬂ‘Wﬂ'Iﬂ11!615'3\11/]?]'.]']116]11!61]E]\Tﬂi'lwlﬂuﬁﬁlﬁu FINATANUAANAIAGIFA
A & A 1 g 1 a A o ¥ A o Jq 9
agn 26.12% G]f\?ﬂf]'.]'llﬂuﬂ'lﬂf]'lllNﬂWﬁ']ﬂVIEJ'EnJT]J]’lﬂ LL!’ENfl]'IﬂLL‘lJUi]'lﬂ'ﬁ]\ﬁl@ﬂﬂ']ﬁ‘lﬂﬂﬁﬂﬂulﬂbl‘ﬂ
' v '
mumﬁmmeﬁ}muwa?} !,WIﬂ'li‘VIﬂﬁ@ﬂﬂﬁﬂuuﬁﬂ'lﬂ')'lulﬁ@ﬂl@ﬂﬂ'liﬁ")lljjﬁaﬂlla%igﬁﬁﬁ

=} 1 = I A o Y a 1 Aa
NIINATOUNYAND 3 A GNEH%]?]?JLﬂuﬁuﬁiﬂ%%ﬂﬁlﬂﬂﬂ'lﬂ’.l'mNﬂ‘Wﬂ']ﬂ

5000

4000

Z. 3000
N’
= === Experimental
S 2000
=)= Simulation
1000
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Displacement (mm)

{ o o v 4 { [ o
:.jiﬂ‘ﬁ 3.15 ﬂfl"W\IllfTﬂQﬂ'lilﬁEJ'UWaﬂ')’lilf’fllwu'ﬁigﬂ'ﬂﬂﬂ'lilﬂa@u‘ﬁ"]]ﬂﬂigﬂﬂﬂﬂlliﬂﬂigﬂ'ﬁlﬁ]ﬂ

a a d Y = an Jda a 4
ﬂﬁ‘ﬂﬂ’ﬁ’ﬂ‘u%i\illaZﬂﬁ’JLﬂinWﬂ’JﬂizmEI“LI’JﬁllV\IUlUVIf)ﬁaLlluG]

2) MsfFeumeuainNuaIen
A a [ Iya g’/ [ =~ A
lumsnagouUIURNDUIAIIVOIAEN 1AAAAINITANINIAT AN D
[ U G A 9 A = [ 1 a J Y = as
Jamanuassan laanmsnaasuiion/SsumeunuaInIT AT 1zia285 2 suITN1
Ja A P a ] 1 'd a . {
W usisadmud Feazinsanannuasoalugnindumsdogiiadu gl 4.1
AsvpININAasasuANuFUNLIITTIIN 3,500 TGN FuAANTANNNITI TTINY
a v zé 9 [ d‘ Lé [ [ 4 1
3,000 H2au B39z lanslasuanslugii 3.16 vaz 3.17 Faudasnnuduiussznag
1 o o < 1 v U o w < 1
AANMUATIANVUITINT LYV UWANUHU VUL UAUE1 aud1an 1nnsazriulan
1 ~ a <Y J=| as Ja A = A da@}
AANUATIAVDINITNATDUUALNTUATIZH A5 DouT W Tunoaduuda NN 1T NLaIY

v 3 a9 ~ Y 1A Yy o
'EJEﬂ\ﬂﬂuL‘]Nl,ﬁul,!ﬁ$Nlluﬂiuﬂﬂ1ﬂﬁ@ﬂﬂa’ENﬂu



0.00025
0.0002
~~
£
E 000015
=
E
=
£ 0.0001
=
@ - Simulation
0.00005
== Experimental
0
0 500 1000 1500 2000 2500 3000 3500 4000
Force (N)

{ o o J ' J @ o < 1
gﬂﬁ 3.16 NS NUTUNUTTEHINAIANUATIANULTINTEINVOIHANUNU LY

0.00035

0.0003

0.00025

0.0002

0.00015

Strain (mm/mm)

0.0001 == Simulation

=== Experimental

0.00005

0
0 500 1000 1500 2000 2500 3000 3500 4000

Force (N)

1 [ v 1 1 @ o < ] ]
gﬂﬁ 3.17 ﬂ517‘]&&@1@\1ﬂ')’lﬂﬁﬂwu‘ﬁizﬂﬂ'l\iﬂ']ﬂ'J’]lll,ﬂdif_lﬂﬂﬂlﬁ\iﬂ5$1/n€ll’ﬁ]\u1’iaﬂllwua'm



40

~ 9 a JY ~
iﬂﬂﬂaﬂﬁ%ﬂﬁ’ﬂ‘ﬂlﬂdﬁﬂﬂﬂﬂfJ‘]Jﬂ’J'lllE]ﬂG]@Q"U’ENI‘]J?LLﬂﬁJ’JLﬂﬁ%Wﬂ’JEﬁ%L‘UfJ‘LI

@ J

ax Ia A 14 ?zl,z = [ 1 d' A %
’J“ﬁwN"lW"luwaaamum 'VNNaﬂWiLlﬁﬂUL‘ﬂﬂUﬂ”ﬂNﬁﬂJW‘LlTJ53W313ﬂ15ma@u‘ﬂﬂ]@xﬁzﬂﬁﬂﬁ
o I~ = 1 = A a g ~ I ] [
Llﬁﬂﬂﬁg‘ﬂ"lllagWafﬂﬁlﬂﬁﬂ'ﬂﬂﬂEl'i_lﬂ1ﬂ']1lllﬂ5Elﬂ‘lfllﬂﬂellu‘ﬂl‘ﬂaﬂLLNu"U@Qﬂ15‘V]ﬂﬁ@UﬂU
a Y ~ an Ja A J A A = Y
ﬂ153lﬂ513‘ﬂﬂ3ﬁ|5$!118'1_|]‘ﬁ'Vnﬂllwlluﬂ@aﬁluu@] WUV TINNITNATDULIIURDULAYIINIY
as a 9 = am Ja A = A 9 v 1
']‘ﬁﬂTTVIﬂﬁ@ﬂﬁ]ﬁﬂlla%ﬂﬂﬂizlﬂﬂﬂﬁ]‘ﬁ‘ﬂ1ﬂhlwbluﬂﬂaalﬂuﬂﬂNa‘ﬂ’ﬁﬂﬁ]ﬂﬁ@ﬂﬂulﬂu@ﬂ%‘]NTﬂ
o 9 4' Y a J Y =\ ax Ja A A= [l di A
‘Vni‘ﬂl‘lf@llﬂ?"l Tﬂﬁllﬂill']tﬂﬁ1$‘ﬂﬂ']ﬂi$ﬂ.lﬂﬂ?‘ﬁﬂ1ﬂhlwulu71'ﬂaallluﬁNﬂ')Wlluu“]f@ﬂ@LLa%
= 9 3 A ) [ a 4
uaNugnasutlunsensudmTunaveImsuas Izl
a o g a A 4 { 1 %
Tuauitelt 1A 198aamudnse@antii 4 9aA 0 (Tetrahedral element) 3311
a ¥y A v P} VA a o A 9 A Yo XY o w
quymﬂwwaﬂmmgﬂﬂmuaﬂmmaamummmwm 10 ‘gﬂ Lmluﬂﬁ]’]ﬂ@?%ﬂmﬂlﬂﬂ"l A
' A P A A o { !
ﬂluﬁ’ﬂ\iﬁllﬁiﬂ1!3EUfNﬂ@llW'Jm@ﬁ(lef)'}\ﬂu%’\?La@ﬂi%@aaluu@ﬂﬁﬁaﬁﬁﬁ 4 ﬁ]‘ﬂ@@ LagNnNnNIg
1 ~ 9 a J Y = ad Ja A 4= A 9 o
Vlﬂa@\iWU'J']WaVlulﬂfl]']ﬂﬂ'lﬁ'Jlﬂﬁ'lz‘ﬁﬂ?ﬂﬁglﬂﬂﬂﬂﬁqwquﬂ@ﬁalﬂuﬁmWﬁﬂﬁﬂﬂﬂﬁﬂ\‘]ﬂ‘]J
a A a 4 4 1 v 1
NITNATDUIIN Llagﬂ'ﬁi%}@aalﬂuﬁﬂiﬁ%‘ﬂﬂ'] 4 flgﬂﬂﬂﬂ\ﬁf?ﬂaﬂﬁgﬂ$L3a11uﬂ§$3J'JaWa
I 1 a2 9
Lﬂuﬂﬂ’lﬂiﬂﬂ@ﬂﬂ'}ﬂ
a d < d'o'J Y = Adlll Ul ia A d
3.4 fnﬁ'Jlﬂi]Zﬂﬂ'Jn»l!!"ll\‘il!i\‘lGlli’N‘ﬂ‘l—Niﬂiﬂﬂﬁ1§ﬂ]ﬂigl‘ﬂﬂ‘ﬂﬁlﬁ V‘I HNoaalNUN
a d Aa o 9 = ag Ja A 4 g’; A 9
ﬂ'li’)l,ﬂi'lgﬁﬁ)'\iﬁﬂlﬁeuﬂ')fligL’UEJ'LI'J‘E‘W'N]l‘l/\luluﬂﬂﬁalllu@uu&ﬁiﬁ]’lﬂﬂ’liﬁi’lﬂ
) $ & a {4 a 2 ] o I a a 4
LL‘]J‘]_Ii]'la'E]QGUENﬁuﬁiﬂﬂ’g]}'l\i@\?"uUWQi]WﬂLLU‘]Jﬁu\ﬁ]iQ mﬂuuumgm‘umamaamﬂuaaamuﬁ
<3 Y XK o va o A 1 9 9 o a A
an 9 LLa'JiNﬂ’qu@’ﬁll“U@l')ﬁﬂ NﬂuhlgllﬂTi"llfJiJl"U@W]'l\? 9 Glﬂﬁﬂﬂﬂaﬂﬂﬂﬂﬁiyﬁ’lﬂiﬂw\lﬂ

Aneiluldsunsu vl luidadmud MSC Mare 2011 Tasagimsziidymuy hidadu

9 1
(Nonlinear Analysis) Tagtiunounoduyy lduanslunmuriagli 3.18



41

S ERNIORG LN

A\ 4

HU9D ARG

\ 4

v o

MuuaaNIAIag

4

fvuaoulumsdusia

v

ﬁmuﬂﬁau‘lmmamw}

A o o Jda A 4
:.E“JJ‘VI 3.18 LLNHN\TLL?{@\?ﬂ15ﬂ1u3mﬂ1\1l17\|l1uw@aﬁ!uuﬁ

3.4.1 ﬂ1§ﬁ%1x‘i!!‘ﬂ‘ﬂ§1ﬂ§)x‘i

o Y < o

d' d‘ 9 a dy d‘ 1 v Aa d‘d
nssalasasnlglunuIseindlusyunnsguenniniavesso laga1sni

a v 9

sruulSueunasveswinianisdreas swess snsadogaarnssuiing aeldaanou
o 9 o Y 1A J J o Y =2 Y v =K
ANNFUFo U0 UTIAIA18MS IR T Iz ludauvesnzuaz agiu sawdldadnda

] v = a 4 [ @ v A 4 U A (w
DYNNY UliJiJLﬂaﬂ'JLLﬁglliJ'Jlﬂi'lgWﬂj@ﬂﬁqﬂﬂiﬂlﬂuﬂﬁﬂwuﬂwxi Lﬁﬂﬁﬂ?ﬂﬁ?uﬂl@ﬂﬂﬂ‘iﬂmu

9 v L)
v W v W A o

1 1 [ A A o Y (v o i
WaQuuUlll’(?f\?Waﬁ@ﬂﬁ’lﬂllmﬂlﬁﬁﬂl@ﬂﬂuﬁ @N:.jiﬂ‘l/'l 3.19 Tﬂﬂclul,mumamﬂm“lﬂﬂiumgmuﬂ

HE]
A o

v Aa o 1% A 4 <
NUNNWINIYY 25 DIRINULUIAN @’luﬁ’f]ullallall’E]\Tﬂ’liWﬂa@ﬂﬂﬂn\lleﬁlliﬂﬂlﬂﬂﬂﬂgﬂﬂ‘l‘lﬂiﬂ

Tasasvinalvg



42

v
o 1

3.19 NIQUENWINNIvoIsn lneas

=).

31
upuaesiiesalasans @319lagldTisunsy SolidWorks 2011 Tagiigiling

@ ~ o A d 9 (= 1 Aaa 4
vazvwaaanaadluzaln 3.20 vnvdraeanusezgnada iy 3 46 uazgingal

nagougnad19liiislsie 2 4a

A
v

967

\ 4

682

A

31 3.20 nuvHaesntise Tasasvina Ingriannzguanninig



43

'
A o

Y v
Fuawvedlassaiemislsenoudae (1) wiinis (2) 318 3) szl
=2 A d Y o dy = A Y o o di’ [ [
1PU (4) YAANUIUVINUNUTD (5) YAYANUUVINUAUN (6) wusolaeas uag (7) 9N AALEA

Tzt 3.21 Taeginsainagevazatiuiluginseasinsanszuen

4 o
<~---4 gilnssinaaon

seuuilsieu

y _
Nus0 lagans Ai‘

717 3.21 Amlsznevvesniiasa lasvinalugjatianisguiniaen

o d
3.42  MSMHAUAVHIADAAINUA

o
S o =X

4 9 ° Y ° o 9 1 a a 14
LlJ@ﬁﬁ'NLl‘]J‘]Jﬂ?ﬁ@ﬂﬂuﬁﬁﬂiﬂﬂﬁ?ﬁlla’l ﬁN‘m!,!,‘]J‘]Jmamwflﬂumaaamum

a a 4 a =

) =] A A ya a o A v

#81151n5% Patran 2011 Teewiailudadmudvuuauia sudenl¥danuuansaani 4
Y 9 1 ] v

900 (Tetrahedral element) Natoa319nNuLUlldnunadaould 95 uvuIAveq

a a 4 1A Y 2 o Y a Aa a a 14

dadwudnnaTuduves Tlsunsuadasrualin 17 Tadwes Tasanuuiavesdaauudag

9
[% a A

590z 1 Haawes udulSeuieumANuIANAIUIMIANMIALIDUN AT FIFA FI52HIN

o}

a a 4 o a A 1 1 1 a {
BaduuANINYII 9 AU 10 Tadwas TAANuuanavesaIANUAuIoUl Ty agIgad
{ VA (% { a a s a A {
nasuleghn 3.81% awaaalugii 3.22 Judenlddaduudniivuia 10 Hadwas 114

3 ' Y Y A o o Ja a J a Aa v Y
Haf1aeuANMALlnARgINUNAAIADUYRINIT 1D AAINUAYLIA 9 Hadwas uazdely

. Ay 1
CPU time NUDYININ



44

Stress (MPa)

380

370

360

350

340

330

320

10.5 10 9.5 9 8.5

Global Edge length (mm)

110135199 3.4

o a a 4 a

] ' ¥ A . H a
:.jiﬂ‘ﬁ 3.22 mmmmuaauuamaﬂjmi}ﬂﬁﬂﬁmﬁaaamummﬂ 9, 10 o 11 yaalung

'
A o

! o o a a 4 J
U009 TATIa519MNIT UL 268,898 Daaluud 81,826 AND

@ ~ & ] 2L [ A d A o A a ¢’ o
muﬁmﬂlugﬂﬂ 3.23 mmaz%uﬁaummﬂuﬁﬂﬂﬂmifﬂzmmauaaamuﬁ AL AN

v
7

{ 1 Qy 1 1
A15199 3.4 i]1uau@aamuﬁmmzmaz%umummﬁuasaTﬂﬂmi

v
FUdIU UIUBARNUE
WHANY 119,262
RITIN 122,386
AU TUA U 3,479
KX A o 9 dy
9AIANUANNUNUITD 7,105
2 Ad Y o o
AIANUANINUNIITD 4,910
Z
Wuso lagans 6,190
aan 5,566




45

'
2

{ 1T a a J o A
Eﬂﬁ 3.23 MIUUNDAALUUAUDIULLUVITADINTN

343 MImMmuaaNdAIag

] 9
puuimesniase Tasasiu Iddmuaduiiaiag Iags19ee9iniag

]
A o v

a = 9 = v Y = a dy a 4
ﬂiﬁﬂlﬂﬁﬂuﬁiﬂi@ﬂﬁ1i G]N1@%1ﬂﬂ1§‘ﬂﬂ’(ffﬂ‘uLliﬁﬂ\ﬂuﬂﬂﬂl’ﬂ 3.2 G]NTLNTL!’J JUISAUNTICH

A o ~ 1 v o ' o a 4 ) a d
auiaiag Iaelnlimauiiaiaqminunniane (Elastic-Plastic Tsotropic) o1 113ins124

aoszitionisnie il luidadmuddoTsunsu MSC Mare 2011 &a1lsznoulidaedag 2

¥iaaenU aauaaaluaisnen 3.5



46

M50 3.5 Mautiaiagueslaseadeinisa Tasasvinalvgsiannz guonminia

Young's Yield Tensile Poisson's
yUATE 9 Modulus stress strength ratio
(E : GPa) (MPa) (MPa) (v)
mﬁﬂuw'u 193.392 370 465 0.25
!.‘H'Sﬂﬂﬁl’f)\i 122.334 370 407 0.25

3.4.4  mamrivaeulumsduda

o A YY) [ Qy 1 Ao o W 1 < A

msmruaeu lumsdudaszriaruaunduda iy uuoomilu 2 @ou'ly
[ Y [ Y 1 Qy 1 3’; Qy 4 a Y (] 4
MIFURT Ao (1) MITUATIZHINTUAIUNIT0ITUIFOUAANUDE19ANY5 8l (Glue Contact)
[ % 1 Qy 1 g}/ Qy d‘ 9 J 1 [ 9
(2) MIFURATLNINTFUTIUNITOIFUAIWITAAU 10a Iaua IUaIuITauenonNN U 19
. = 1 2 1 AAa v 9 A a Y I A 1

(Touching Contact) 452 HINFUAIUNAANUAIINTIFoUITNITU IMTUNIT I ToUAD

] 4 v o 4 [} % 1 [ o
PENAVYT FI92YNMHUANOU IUNITFURAIUD Glue Contact 1Az serINMINduiaU09

v 9

Yy ! | v
Gﬁuﬁﬁuﬁﬂﬂﬂuﬂ’)ﬂﬁaﬂlﬂaﬂ’mgQﬂﬂ?‘ﬁuﬂ!ﬁ’ﬂu]l"llﬂTiﬁll 1lUY Touching Contact “’]:N!,Lﬁﬂ\‘]

! Y
[ Y ' S A A J

Yy Y ' 4 Y v
MITURAITHINTUAIUAIFUN 3.24 - 3.28 TagFUAIUNVTIMADTUAIUN 1 LaZFUAIUN 2
ddAd' 1 2 é =) d’ v $Y v d' [ d‘
wiianuanaenueen 1l deliSoulunsdudadwaaslumsni 3.6 Tassmuatouly
v I v o A ' 2 ' 2 o A a a 4
MIFURAIUY Node to Segment iilumsmimsduianldyasevesyuaiunilanuiioadmua

= Qy ! té ré g’; Qy 1 dlcv C dd‘ (4 o A A [
VDIDNBUTIUN U %Qﬂﬁﬁﬂﬂ%ﬂﬁﬂuﬂﬁi\lWﬁﬂuﬂﬁ\llﬂ’é)uulﬁuﬂﬁ’diJWﬁ‘m‘lﬁJ’é)uﬂu

- —

|

I)é
_—

—




dl ng 1 ti' U v o Q'I
g‘ﬂifl 3.25 FUAIUNTUNTNUIIUU

d' Qs’ ! d‘ 13 v W = d' o
qﬁj"]J‘Vl 3.26 FUFIUNTUATNUIAYANIUN

47



48

[ ]

I

Nuso Taeas

7 3.27 FUAIUNTUATAUNUTD

&%

v
1 a o

Yy
S

514

U

Taeans)

) X
HI — NUTD

(adah

(%

v o

v ]
N 3.28 FBUAIUNTUNTNUTAN

514

U



49

A A v =y U Yy ad
A1TNWN 3.6 N'E]‘L!vl,sllﬂ'liﬁllN'ﬁﬁ$‘W31Q%uﬁ3umﬂﬂiﬂiﬂﬁﬁ1ﬂﬂuﬂﬁﬂTﬂﬂﬁ'ﬁ

2 A 2 A A v o
FuAIUN 1 FuaIui 2 Rou lumsdura
4 .
Qﬂﬂimﬂﬂﬁ@ll Touching
31U 19 Touching
WU VI BT RTINRY Touching
AAN(WUNNA - FIUNT) Touching
Aan (WIS - yalSudmmnig) Touching
=2 A
9A0ANIY Glue
SRUNIN %A FUMNU Touching
aan(WinNa - §1u) Glue
Z .
 de WU Touching
AaN(ATANII - U3 TAgas) Touching
dy [ = d' o dy
nusn lages aan (AaNile - Wusn lagans) Glue
gy ]
aan (oA — Wuso Taees) uflusos Glue

3.45  mamrivaen lvveun
o A g 3 P & o
mMamvuaNou lvye Aty agivualisudiuiuso lasa1sgnivia
lildindounuazyyulunnfianie (Fixed displacement) ttag 115 ansziiuuuga (Point load)
o ~ 4 g’/ Qy 9 o ~ 4 d’d a a
nizihigUnsainadouns 4 3u Tagldusinszihiginsainaaeuniniugs s0o Jaduas
& A o 1 & ¢ v o A @ A
Mnusn Taeds 1,250 tauaenilsgnsainaaeu (F) uaz 1usenszvhiginsainaaeun
=1 Aa A ¥ a % 1 X 4 [
UANuge 550 Tadmasnniusnlagans 3,640 Haauaenileginssinagou (F,) Awdns

Tuzilin 3.29



50

||||||

Fully Fixed

—

A 4 A 4

o
IS4

g1 3.20 mstmuatou lvvouavewuuTiaeeis




=
unn 4

v d a
NaﬂWﬁ!!ﬁ$ﬂ15@ﬂﬂﬁ1ﬁlWﬁ

4.1  panin

[
=KX A

ao & YR a 4 < ] ' ]
nudveil Idanuinszianundsevesgataniieo lagasvuialvg Tag 1y

Ja A & Ja A J
szibenasma i lusisadmud Fulfoufieuanugndesvesldsunsy W luivadmwuadle

= A [ = v a J Y = as Ia A o
ﬂ”li‘i/lﬂﬁ’f)’lJL!S\‘]Lﬂ’f)‘LlLﬂfJ’J‘lJ’fNﬁﬁﬂL‘VIEJ‘Uﬂ’Uﬂ'Ii’JLﬂiTgﬁﬂﬂﬂigLiJfJiJ’J"ﬁ“l’n\‘]uh/\llluVI’f)ﬁamuﬁ

[
a A o IS

a < { ' ' A
M5 IUATIZHANNLTIVRIATANTIveeTa Taarsvuia lngsianiegaiessidioniznia

De
D

=K A

da A 4 4 a d a { a { <
I luidadwudiioinsizdainnuduisulasdgegaiinaiuiusnuyadaiiiclae
o { < { d 1
Idusanszihmuasgiumsnageunundanswedgaoaniiesn lagasvuialuguaz
9 o [ = A A 9 a a 9 A
gamernnslsuilyageganisn TasasnlamanuAu DU YA IAAUANUAUATINND
1 ) A o s)d' = 3 = Y
aaAANNAMIBUN A ALz IRMIIINANUIUILTINNIATIUMINadoU B9 1ilvuia
' A3 A yax . .
wazzdirgveamiinmuzanlaslsi5n1500nUUUN1INAADY (Design of experimental)
Y ag a = [ k . . A o A
A8IFNITNAAUTIUN NN GoaLUUADI5ZAY (2° Factorial design) tWor11avoNdIna
1 < = d' ] o o o = d‘ < d' [ o
apANLNLTIreIgaganaaz i ldsudsuuiiaesgadanisnamnsasousansgin
H < {d
ANNIATFIUNMINATOUANNUAULTIVDI9ATANIIVDI50 TAoes

Al
=X (Y

42 WHANIINAAIUANNUTINIIVIIYATANT VD930 Aaa 15085218 DIT

Il lunidadmua

v 9
v

v A Y a 4 [ 9 =\ ax Ia A o =)
waaww”lﬂmﬂmsam'iwﬁmmwumsamﬂﬁzmamwn“lw”lu‘waaamumu DAY

=

o A ) S 4 =2 e v A s A
nAUNAnFU1HATANIIHIUMINATDUFINUNMIAATY 2 INUN AD
1 A A 4 v 49'

1) AMszgzmanasunvesglnssinadenlunuivuununy

2) MANUIAUGIGATBID A UAMUINAI VBB UN AT NYATA NS

& a ) A A da A o v ! 7 o a ¥ )

Fawamsuasiznaesziionds W luisadwud szdesiunasinsaaduny 2 4o

Y o = A = A4 = < 1

WTBN AU 39920071 ATANNIYB95D 1AEAITUANUUVILIINIUNITNATOUAINNIATFIU

MINAToUYABANINUDITD IAga1s



52

v d‘ d' d (Y] &’
421 mszezmsmasuiivesglnsamasevlumivinununm
Ay ¥ Aa P Ja a o Y 3 =
wanlaainnisnasiziinie I lunoadamudansonaasldifiudiszey
A ~ 4 o &1 a [ 1 [ Y o
manaeunvesgUnssinaaonlunuviunuNunan Ny Z vasnnldusinseyildny
4 = <3 Y o A A =1 A A
ginsainadey Feaziiulanglnsainageuiilanugs H, szeznaoun luuuiunu z
Aa A v 1 4 v A 4 o 4
g99R 206.882 Haawas Feoglunuaimsandunisnaaeuiiimualidglnstnadoy
A ~ Aa a o A =\ A ~
naeunneluszey 100 - 400 Uaawas uazginsainadouNUANG H, Nszozindoun
Aa A v 1 4 v A { o 4
luunu z gaga 108.448 ladwas ¥seglunusimsaadumsnageuiimualiglnsal

A A a A [ A = Y I 1
nageutnaeUNNIluITEL 50 — 400 HadIuAS muﬁ@ﬂugﬂw 4.1 Faugaa 1w

A o 4

< v A ' 4 {
ﬂ'liﬂﬂﬁ@‘ﬂﬂ'J'lilllell\‘lllﬁ\iell@\‘]ﬂqﬂﬁﬂ AN mmmmimﬂﬁuﬂluﬁauﬂlmmimﬁauﬁﬂlmqﬂﬂitﬁ

nadou laruNATTIUMINATO

2,902e+002
2.607e+002

2,312e+002

2,017e+002

1.722e+002

1.427e+002

1.132e+002

&, 366e+001

5.416e+001

2, 466e+001

-4, B4 4e-+000

A ? = A ~ a A
gﬂﬂ 4.1 “lfullﬂﬂﬁﬂ1ﬂ1ilﬂaﬂuﬂ1uﬂﬁﬂ1ﬁllﬂu V4 m@ﬁﬂuﬁﬁﬂiﬂﬂﬁ’lﬁ



53

]| A

422 mANuRMLUNTagIganyaganiasalagas

=2 A d

a o [ v 9 =1 an Ia a 14
Na‘1]1ﬂﬂﬁ’JLﬂﬁ%“l’iﬂ’ﬂNLL"lNLLix’i"U’E]x’ii]ﬂﬂﬂ‘ﬂu\iﬂ’)ﬂizmﬂﬁ’)‘ﬁhl‘i/\lllu‘lflﬂaamuﬁ
1] Y H 1
W‘UTIﬂWﬂ’JHJLﬁ}u’JﬂuiJﬁl%ﬁq%:fﬂﬂlf]ﬁ“ﬁuiiﬂiﬂﬂﬁﬁLﬂﬂ%uﬁﬁaﬂgﬂigﬁﬁquﬂW\‘lﬂ‘UjjTL!u\‘l
S 1 [ A = a v dy a k) a A
A1 518.7 MPa muﬁm“lugﬂ‘w 4.2 41U HITNTUINNVAUIDUN T IS ANTING
' <3 2 A v 2 A = v A a A A X
ABDAITNUUNULINUDITAYANUUNTUU  IHDIVINUILIUNUANIVSNITTUITSESNITAADUN U

aznanaaluitesalll

5.187e+002
4.665e+002

4.150e+002

3.631e+002

G.112e+002

2.594e+002

2.075e+002

1.556e+002

1.037e+002

5.187e+001

2,32%-004

'
7

~ g’/ a0 vy a A
gﬂﬂ 4.2 FULOUAMANUAUIO UL T ¥ dVIN 150 lagas

y
a o

A ' = A d X ] I 1 9 o A
%uﬁ?umﬂﬂﬂ@ﬂﬂﬂu33ﬂ1ﬂElﬁ']ﬁslu\ﬂln ﬂu%$!lﬂ\3@@ﬂlﬂu 3@IUAWYNU 1D

'
A Y o o

1) ATANTUIIN UMD

¥
Ad Y o A

2) PABANUIANAUNUTD

o = A Y o o

3) FANYANUAVINVAITO



54

a 4 1 4 o
Nai]"lﬂﬂWi’JLﬂi"l%W@%}’JEJTﬂiuﬂﬁJ MSC Marc 2011 Wﬂ?1lﬁ@lﬁl£i\1ﬂi$ﬂ1ﬂﬂ
A 4
U

' ° ' a { a 3 [
gunsainadeumuinIasgIuiinue AnuwIeulmagegaiinaluiuyasa

Y 1
v A 1w aS A

1 ~ =< Y ~4 1 [ = 49!
5o lasasvina Inguuimaaaaslum s 4.1 suaasimiunnnainnuaisannaiu

Y
3/ 1 QS’ | =2

Y Y 1
‘L!‘L!‘W‘]J’J1i].ﬂgﬂT]Qﬁnl%uﬁ’.luuuﬂﬂllmﬂﬂﬂﬁaﬂ"’lJ'lﬂ meﬂmuLﬁ’mauumcﬁagqqﬂﬁmmuw

)

2 Ad Y o dy Y A Yy Aa 1 Y . [ = I
YAYANUUVINUNUIDUHNUAAITUA WD UATANVAUATIN (Yield stress) VDTN Fauaaadlu
Y

Y

% s a FY
BULUDUTAIAIIULA

o Ad 9y o & A ~ A A =
ummfgﬂﬂﬂmmwmuwu UITIUNUFTAIULDULINIAD U TLIUNLINAAITULA U

H Y H
Youdeaennumanuduniin awaaslugii 4.3 nazudassunaudnanuduvesgadai

d‘ 1 1 9 1

v 9 v
uQLGISJJWﬂ‘]JN“LNL!@$ﬁ'aﬂuuﬂ'lﬂ’]WllLfgljuﬂLﬂﬂﬁﬂW@?'lﬂ’J'lﬂWﬂ’]WlllﬂuﬂﬁWﬂ e
P

'
= A o [ Y]

A1 U a0aiey (Safety factor) NgadaN W d 1T UM Is0liA1N M0 denaaaly

]
A v

A < A 1 [ (BN =2 9
g‘ﬂ‘ﬂ 4.4 1188 4.5 GIDDITANNUUILIIVUDIYATANUIY thNWuNWﬂiquﬂﬁ‘ﬂﬂﬁfJ’U AN

Yy

@ Y a { A 1 a 1
TJTU”IJ?\‘]LI@$Llﬂ"lallﬂi!f3ﬂ‘!ﬁLﬂﬂﬂ?ﬂ’ﬂmﬁluﬁﬂuﬂﬁ!ﬂfﬁﬁ\iﬁﬂsll’f)\i!magﬂﬂﬁﬂﬁ?ﬂﬂ"ﬁ@@ﬂllﬂ‘ﬂ

U q

' '
v AAaAa I

minaaed temidenioninaseiiisdidyaeninnufuloulaanyaganing uaz
< IS UL )

il ldeenunuldyadaiinsvessoTagars Idiannudulsulasagegaiinniosnd

q

o o

v ' Y
ManuRuATINYoaulA aguazlinn Nl asansiiny

= o

M3199 4.1 MANUAUIOUNAFAFIGAVDIIATANTI

MANUAY : 3 ,
s - MANUAUATIN | AN , .
YUAIU JoUNAIFAgIga } AINUATUA
(MPa) 1aoans
(MPa)
=2 Ad Y o
PATANTAUTINY
2 375.3 370 0.99 0.00489
WUFD
2 Ad Y o
AIANTAUTNINY
5 357.3 370 1.04 0.00201
ISER
v R Ad Y o
aanganiaINy
374.7 635 1.69 0.00669
JEERER




3. 700e+002

3.330e+002

2.960e+002

2.590e+002

2.220e+002

1,850e+002

1,480e+002

1.110e+002

7.400e+001

3.700e+001

0.000e+000

)

O
L

v
Saws

A 5 a ) a A = oA
gﬂ‘l/] 4.3 FULDUAAIANUAUIDUNTLFANIATAN

v Y o

¥
=

HUVINUNUID

55

3.330e+002

3.700e+002

2.960e+002

2.590e+002

2.220e+002

1,850e+002

1.480e+002

1,110e+002

F.400e+001

3.700e+001

0.000e+000

il

A
N

g}/ = 9 a d' =
4.4 FULDUTAANUAUIDUNTLETNIAYA

q



56

3.700e+002

3.330e+002

2.960e+002

2.590e+002

2.220e+00Z

1.850e+002

1.480e+002

1.110e+002

7. 400e+001

= 2K A Y o dy =] =KX A Y o o
aanygaAIAgANALVINUNUY FanIAIAYAAAUUINUNUN

3.700e+001

0.0002+000

=

A g o Y a A [ A
g‘]J‘I/] 4.5 BUUDUTAIANUAUIDUNTLETNTANYANUN

4.3 ﬂ”li96ﬂ!!‘lJ“lJﬂ“I‘iTlﬂﬁﬂQﬂ]@QQﬂﬁﬂﬁﬁQ

=KX A o A

lunsdfusaagzeenuuuyagamivieldininnduanasiinidooniin,

ANuIAUATINY0ITag 181935 00nuuunIsnaass TasldTisunsy Minitab 16 42875013
J a =) [ k-p . . Jas
PO NUUIANEIFILNNBTsau Va9 I52AY (2 Factorial Design) Tas 149350150
R i v o o o q Y A y A =

NIAUANBIUY 1/16 fraction Aeilade 7 ade i 1viNeu lumsnaasananua 8 euly i
I ax aad 1 oA L A a o o A
AT Meadana19nNUUUFNY 95% MDANIITHMIHANTENUIINHAY 9 TadeNdana
wiow q nuaeAlsaoUaUDI (Response) o1 1S ulgeae 11

4.3.1 1298U09M1300NUUUNMSNARDS

a s o =2 A d 9 ~ an Ja a %
%1ﬂWafﬂi’JLﬂi1$1’Tﬂ’J13JLL6UQLLi\15UfNﬂﬂﬂﬂﬂuﬂﬂ’mi&ﬂﬂﬂ’)‘ﬁqwquﬂ’E)amllu@]

P
= A v 9 v A A '

manudueuldageganyaganiadinuiuiisgainnamanuduasindinald Jaqine

q U

=

~ 2 1 9 a { =< A d a
ﬂ’l'i!ﬁflgﬂllu‘ﬂﬂ’]')i i'HJUlﬂﬂ\?ﬂ’lﬂ')’]l]iﬂu’)@u%ﬁl%ﬁgﬂq@ﬂﬂﬂﬂﬂﬂuqmﬂ VAU \UJﬂ'I'L:IN
=

q

A =

o Yy v 9 A [ Y o A A Y dy
“I/nclﬁllﬂ'lﬂﬁ'mﬂﬁﬂ@ﬂﬂuﬂﬂ LW@LW1]‘?]1151'J']llﬂa@ﬂﬂﬂiﬁﬂﬂﬂqﬂﬂﬂ‘ﬂuﬁﬂﬂﬂmﬂ ‘]JNHQGl,T‘iiJ'Iﬂ"UH

Y
= A v 9 o N

uazanmnNuAugegangaganiudinunuldtianfosnnannudunsin mseenuuy

q



57

m3naaessaldiden iesanessnndinuduluniszunua q lugaiifamamdy
gaqﬂmaﬁmﬁﬂﬁﬁaﬁq 3a9Y c?'ﬁmmmﬂf?uﬂga"lﬁ'ﬁxwm 7 7050 wiuiuidade
Tumsdsudyaludiugadaiidushumiase 3 Jode, Teselunmsusulgegadaidushiu
wifasn 3 Tass nag Meselunsdfudyeadnga 1 Tade duaaslugid 4.6 Taoflseduilads
voetlaspR 1l umsoenuuunsnaaessaanslumaei 4.2 Failass () uaz (¢) Huilady

A A A 9 A Ja 1 9 o 1 H Y 9
naonmuu e lanasanlumsysaanslsigquazaisaniimin s lagas

CGr=x @) c O
] )
_{ b
_f
eV ; O ®
4
_F
d

< o
g‘ﬂ‘VI 4.6 YdelumsoonuuUMINAa0S



~ @ @ o Aq 9k
ATTNWN 4.2 ﬂﬁ]ﬁ]ﬂllagjgﬂﬂﬂﬂﬂﬂVI‘lﬂfGlUﬂwﬁﬂ'ﬂﬂllﬂﬂf\nicﬂﬂaEN

58

Y
FUAIU a9 seauavy
< a a Aa A
o A g a) ANURUIVDUNANRIN 3Unaluag S UaaLluAg
YAYANUIUUT ; = - - -
o o b) ITYTHNUDIILITYA 100 UaaLtung 170 Uaakung
AUAUNTD = @ »
c) Eﬂllﬂﬂﬂqﬂﬂﬂ 1 YU 2 ¥U
< ] A A a A
o A g d) mmwuwmmammuﬁﬁuuu 4 UaaLtung 6 Uaaluag
AOANTIAU — - — -
o & e) NINUFIUITOITU l13J3J uy
RLCELY <] vy 1 a a A A
) ANURUIVDIUHANUNUATUAN 4 Uaatuag 6 Uaaluag
[ 1 J [ a A a A
aan g) mumﬁumuﬁuﬂﬂmmaﬂ g UALUNT 10 Uaakuag

4.3.2 Nﬂiﬂiﬁﬂ‘tﬂﬂ]iﬂﬂﬂ!!ﬂﬂﬂ1§ﬂﬂﬁﬂﬁﬂlﬁﬁ§ﬂﬁﬂﬁﬁﬂ

a d Y = ax Jda A J = R [
mﬂwamiamswwmmzmamﬁ”M”lu‘naaamummﬂmﬂﬂmmsﬂiuﬂgq

v Y
o aa o =)

PATANIIAI8MTBONIUNMSNAREUTIADANS 8 Nl vz HITANDIHANTZNUVEITTITEA0

9y A o

! o (% { o 1 1 1 a 1 9
mmmmu‘wm% Iﬂf.lﬂﬂ/iuﬂG]’JU,“]Ji@]@ﬂﬁu@ﬁﬁ@%!ﬂuﬁ]ﬂgﬂﬁuﬁﬁLﬂﬂﬂ1ﬂ’)1ulﬂuq\i’q{5’l

q q

A A A 1 ) = = a o 1 (2 A = g’;
HNIDUANUITYIADNITITINY GINl,aﬂﬂ‘WiﬂimWﬂLL’Huﬂ@’JLLﬂiGlﬂUﬁU@\‘lﬂfgﬂﬂﬂﬂ\iWNﬂ

° Y A o voA S o A a 1 v
4 AU muﬁﬂﬂugﬂ‘w 4.7 Tagduruai 1 3008 4 L‘]J‘L!G]WLLWHQWLﬂﬂﬂWﬂ’NNLﬂHQQQQ

A4 & 1 o ] { < o ' i~ A A 1 = {
Gumfgﬂ?i@%mm 399U !,l,amummﬁ 2 Lﬂumlmmﬁummmﬁumm Lﬁﬂ\‘l@]flﬂ’li!ﬁﬂﬂ’lﬂﬁ

U

A 1

= A& 9y o dal 1 [ Y A a A A o ] A ~

YAYANUIUVINUWHIYUNY Lla$llﬂlaﬂﬂﬂqﬂWi]1im1LW3J'é)ﬂ 1 UUUN AD A1TSUSNITAADUN
J A A I 7 a 1

ﬂlf]df;ﬂﬂ‘iﬂ!‘l/lﬂﬁ@ﬂLu@ﬁnﬂigEJZﬂWfJLﬂﬁ@uﬂWiﬂ@ﬁ@ULﬂ‘uLﬂmmﬁluﬂWEWﬂ1im153Mﬂl@\1

MIAATUMINATUIINITITADINNITUINANTENVINTIFBA1E o AeIBUAY



59

A o oA Y a 1 [ U 9 a
gﬂ‘ﬂ 4.7 AU g lumsnnsanmsaanavestateaeninNuauIo Ul dd

d‘ a 4 Y d' 1 1 o 9 ax aa
WA ITHHINANTENUMINTdendinanonulsnouaueInleIsNNa0a

NY¥19AIT1NLF 03U 95 % (Confidence Interval) @38 11/ 1A 5N Minitab 16 3 W15 X

-

MIAINaNITeNUYIT08A199A0A Y TADUTUDIDINAT p-value NTZAVTT1A

2

Y] v

Y 1 a A { < 1A o A 1A o W
NUY 0.05 HASATIBNTNA ﬂ'lﬂ@l'l'ﬂ\‘l‘ﬁ 4.3 !Lﬁﬂﬂiﬁl’l’iu?'lﬁ ﬂﬂ%ﬂﬂﬁ\iﬂi$ﬂﬂflﬂ'l\illuﬂﬁ'l e

o]

[

AnNuAunaIndsaeuauesa1s q Tagaziial p-value A1n 152 AT od 1A 0.05 LAY

9

e

H ] Y
1015197 4.4 WLAAIRANTENUDNTNaveetuaedlulsaevaues IﬂﬂﬂWiLWﬂJ;ﬁuﬁU’éN

[ v
o @ A o [ =1 )

atenaamangaliedinandumuan 1, 2 uaz 3 araanaliaianudundiunuadiuls

o

] [ " Aa A {0 [] v o w I 1w
ADUTUDIAINAIIDNAAN (m’emﬁwa‘ﬁmwaamaﬁuﬂmﬂﬂﬁmgﬂuau) uaaulsnouaun
A o [l A 2 ) ' Y 1 A 4 2 y
NAWHUL 4 MTNNIUVD T (d) o (c)ﬂzﬁwaiwummmmwmu WINTRSUU

1 Y v ]
faeansliulzadede (d uag (o) IRlAUNNIY AT NIUIAUE A NINDTOITUNY

v
a QU A

9 49@‘ Y (=} ] A o o A A L4
ANUIAUNISINININUU uazﬂﬁ]%mm‘lmJwaammuamﬂmmeizazﬂmﬂaeummqﬂﬂsm

D

v (]
=2 A o 1

nadoyu Ferzamsaliulgegadanieninaitfetears q Tagey ludansznuaoszos

A ~ 4
ﬂﬁlﬂaﬂu‘ﬂﬂlﬂ\i@ﬂﬂimﬂﬂﬁﬂﬂ



AN 4.3 A1 p-value voetfadeNdinane Response

P-value (X =0.05)
Response
a) b) c) d) e) f) g)
AU 1 0.128 | 0.447 | 0.447 | 0.012 | 0.022 | 0.024 | 0.155
AUMUIN 2 0.533 | 0.392 | 0.249 | 0.457 | 0.336 | 0.021 | 0.010
AN 3 0.028 | 0.042 | 0.115 | 0.578 | 0.289 | 0.289 | 0.162
AU 4 0.027 | 0.072 | 0.553 | 0.025 | 0.020 | 0.025 | 0.009
a4
MIAADUNUDY
) 0.926 | 0.553 | 0.524 | 0.532 | 0.598 | 0.972 | 0.664
gUnsainagou
~ ' o A '
A15197 4.4 A1 Effect vo1laveNdinane Response
Effect (X =0.05)
Response
a) b) c) d) e) f) g)
AU 1 -4.78 -0.98 -1.16 | -50.65 | -27.94 | -26.09 | -3.94
AUNUIN 2 -4.39 -4.81 -7.15 4.48 557 | -29.82 | -43.54
AU -109.80 | -73.12 | 26.18 -4.78 9.81 9.81 -18.33
ALK 4 -33.72 | 12.46 -0.98 3533 | 36.30 | -43.79 | -99.89
34
MIAaoUNVOI
) -1.525 | 10.975 | -12.975 | 11.725 | 9.475 | 0.575 | -7.575
ginsainadou




61

v
x| A

4.4 ﬂ"lﬁi’)ﬂﬂ!!‘]J‘lJ"gﬂﬂﬂﬂﬁﬁ‘%]ﬂﬂﬁﬂ1ii’)i’)ﬂ!!ﬂﬂﬂ1iﬂﬂaﬂ\‘l

=KX A o A

o 1 o Aq Y a <Y
ﬂ15'E]’E]ﬂllﬂﬂﬂﬂﬂﬂ‘ﬂuﬁ]gm’ﬁlﬂﬂﬁﬁﬂgﬂﬁlw1$ﬁ?usllE]Qﬁi]ﬁ]ﬂvlclﬂclUﬂWi'JmiTg‘ﬂﬂ']ﬂ

4 ~ @

N1509NUVVNITNABIAI8ITNITRONUUIANEIMFIuNNoTeauD a0 LA
k-p . . A Y = =2 A D Y1 Y
(2"" Factorial design) NInanod11)3sapUa U0 HIN1300NUUVYATANNIIL INAIAINAY

OUTAFANANTAINNTODNUVUNITNAADY

o =3 d'q‘J d' (% k4 sy
4.4.1 L!‘U‘]Jﬂ1t’li’)x‘iﬂqﬂﬂﬂTI‘l!x‘i“Vl‘lJ’i\‘i‘iJi\‘iﬂ’JEI’Jﬁi’)i’)m!‘U‘Uﬂ1ﬁ1’lﬂﬁi’N

Q

7

(% = d‘ Y Y A (% d' [ ] A o o W 1 1 9
mslivilgegadaiusldiaenldtiendinasdniivedrnyaeainnudu

2

= Qy A a

A A =2 Ad = Y (o A D ' 4 ] Yo =
ﬂﬂuuﬁlﬁﬁﬁﬂﬂqﬂﬂﬂ‘ﬂuq mklﬂﬂiuﬂﬁﬂqﬂﬂﬂﬂuﬂm 3 YUTIU LW@LWiJﬂ?melQLLiﬂ‘HﬂU%ﬂﬂﬂ

q

(43

d‘ < é 3 (% 1 % d' 1 1 1 9
NU "”IN%"Iﬂfﬂi‘ﬂﬂﬁ’E)\‘]‘]Ji‘UTJE\‘l‘IJ‘L!"IﬂLLa$§‘1JLL‘]J‘UGUfN‘]jfl]%EJLWIQ%S?I’J‘VIﬁﬂWﬁﬂﬂﬂWﬂ’NNlﬂu

] A v o w 9 [ d‘ Y 9 1 ] d‘ 9 é Y d' 1
YNUUHYT ALY %‘L!ulﬂﬂﬁ]%ﬂﬂ(lﬁﬂWﬂQTNLﬂHQQQQ®Q1MWDQWQSQﬂ1§ Fatfadendanatazyua
A A ) v &gy = A o A <
maaﬂﬂlwmﬂmauu'lmmﬂﬂugﬂw 4.8-4.10 fl]"lﬂqﬁjﬂfﬂﬁLW‘JJﬁ’J‘IJﬁ’ENi‘]Jﬁ]%LW‘JJ%um‘hﬂ’]']llEJ"I’J

<3 ] 9 A 1 Y A a s A a ds!
GU’ENUH'GﬂL!Wl!ﬂ'll!”UuLW’f)aﬂﬂWﬂ’ﬂiJLﬂuﬂlﬂﬂfﬂ?ﬂjllmuﬂ ANNAUVU

O —p

[— —p

I N |

11 4.8 Tl lumsdSulgagedaniadinuiuse



L/
—> o [
@y

507 4.9 TadeilslumsdSuilzaataniadinumia

‘f
g
v

517 4.10 Jadei 1Flums S vl jeadngaiiis




63

=®

1 b4 a d‘ O'J d' (% % A
4.4.2 ﬂ1ﬂ31N!ﬂu3®uNﬁ!mﬁﬂlﬂﬂ@ﬂﬂﬂﬂ‘H\‘ﬁ’l‘ij Uﬂ’g@ﬂ?ﬂ?ﬁi’)i’)ﬂlmﬂﬂﬁﬂﬂﬁﬂ\‘l

A o o =2 A g v .
Lll@ﬂiiﬁj?\ullllﬁnﬂ@ﬂi]ﬂﬂﬂVIUQﬂ]ﬂﬂﬂﬂEﬁnﬂﬂ?ﬁ@@ﬂlﬂfﬂﬂ15‘ﬂﬂa@ﬂ (Design

. A A a Y a = A
ofexperlmental) Fiﬂﬂqﬁ]ﬂ‘ﬂ 4.11 Llﬁﬂ\?ﬂWﬂrLIdﬁfJ‘UWIfJULlf]Uﬁﬂ'ﬂulﬂu?@uuﬁ!ﬂfﬁmﬂﬁﬂqﬂﬂﬂ‘ﬂuq

' o o a S Y = ax Ja A 4 ] 91 a
ﬂﬂuuaxwmﬂﬁ‘uﬂgi ﬂ’]ﬂﬂ’]i')iﬂﬁ’]gﬁﬂjﬂiglllﬂﬂjﬁlli"llluw@aalllu@l Eﬂz!ﬁuvlﬂfl']ﬂ’lﬁlwu
]
v A o

[ I g VoA = A d 9 Y Y A A <3 1
VHIAUDIULAUIN NN 2 LLWHVIﬂﬂﬂﬂ'1/]UQLGU"Iﬂ‘UWLlﬁ]31/]']Elﬁ‘ﬂ']ﬂ?']ulﬂu’)ﬂuuﬁlﬁ]fﬁﬂlwaﬂLLWL!

) 4 H
anaq LA NaManuRUAUULYBgaTaTuT IRy IuE s AR U Ul s g uS

]
a 1 a

) ' A Jo = v g I ' &£ Y1 Y
muamummﬂimuumﬂ m!fwummﬁiuLwﬂwmumammuuummwa“lwmmmmu

v '
=K A Y o v A

JoUNEIsaaNad LlagﬁﬂﬂﬂﬂﬂﬂjﬁmﬂﬂUWU\i IJJ@LﬁﬂJﬂ?WﬁJﬁuTLLaglﬁﬂJigﬂgﬁgﬁ'J"NGUﬂﬂgﬁawﬂzﬂg
[ Y [ [ [ A 2 Ad 9 o Y I 2 |
mmmaﬂmmmmu"lﬂ LW]llllﬁ']il']ﬁﬂ!fﬂaﬂuﬂﬂﬂﬂﬂuﬁﬂﬂﬂuﬂiﬁlﬂuuﬂﬂ 2 ‘I)"L!ulﬂ IHUBDNINAS

a 1 Y a A a = 9 v ,é’
mﬂﬂ1mmmmauum%ﬁmqwumu”lﬂ NS IZDNINHANTOBNLLUNTNARDY T8

@ 13 A

[ 1 [ o [ 1 { a { < Y o Y]
ulilﬁ'\iNﬁﬂi$‘VI’U’f)fJ'l\ndJufJﬁ'lﬂﬂJu@]ﬂGI’JL!']J3€°'I’l’)°Uﬁ°L!ﬂﬁﬁﬂilﬂmﬂqﬂﬁﬂﬁuﬁmﬂﬂﬂﬂuﬂ uany
1A A <3| o o A v & P~ A Y a =
mamwaqmﬂum@mw 3 ﬁﬂﬂﬂﬁ]ﬁ]ﬂ‘ﬂ\i 7 HAZIINAITINN 4.5 VSNUINANANUAUIDUNTLY TN

@ @ o < Y1 A Y a ] o X 9 o
ﬁaﬂwmmﬂﬂﬂﬂngmu"l@’Jmmmmmmauuﬁmﬁa@aa"lnmmm HITDANADIND

~ A X o ° Y o oA 9 a A A

wamiaammuma“m@mmwmiu,wmuslumqﬂ%ﬂﬁ]z‘wﬂwaaﬂummmmmauummﬁmwu

49! A A [ g 2 o Y1 Y a ~ o & ] o
UInvu LLa%LiJE]L‘WlIﬂJ‘Ll’I@ﬂJENﬁaﬂGUuFl]\“IT]Tiﬂﬂ1ﬂ’)1hlﬂu'3@uuﬁl%ﬁﬂﬁaﬂuuﬁ@aﬂulhlﬂﬂlm
' )

{ v ay U v FY © 1 1 FY [ 1
uaz@ﬂ%ﬁmm 3 ¥UAIU ﬁmmmmumﬂ’nmﬂ:mJmummsuamﬁ@uammmmmm‘%m
=

Y
%

' 2 J y o 1 Aa X P2l v o
NUNYATANIE N FUd WU lunansinuia geaunsoagdlanuamnmsdiuilsa

=2 Ad 9 o Y 2 Ada o 1
i]ﬂ‘(’J@1/]1!\1@'JEJﬂ'li’E]@ﬂl!'ﬂ’ﬂﬂ'l'iﬂﬂﬁﬂ\?ﬂ'lslﬂﬂqﬂﬂ@ HANAITHAITUHUYILITINTIHUIATITU
N1ITNATOU

'
A ¢ '

AT 4.5 MANWAUGIAVDIYABANIITZHINNOUIEEHEINTUS U9

manuduloulea | | 3 , .
maNuilasany AINNUAIBA
. qaga
=X A o U Q
ﬂq@ﬂﬂﬂuq 1 % 1 % 1 U
nou naq nou naq nou naq
Yfuilge | JSuilge | JSudlge | dsmlge | dSulge | dSulga
< Ad 9
9A8ANIUN
o2 375.3 173.03 0.99 2.14 0.00489 | 0.00426
Vi
2 Ao
AIANUN
357.3 241.21 1.04 1.53 0.00201 | 0.00079
NUNIY
aan 374.7 357.25 1.69 1.78 0.00669 | 0.00908




64

AT
Sl

[}
[}
[=
+

o
=]
[Ty}
w
—

1.665e+002

1.4580e+002

@

2 Ad Y o
ﬁgﬂﬂﬂ‘ﬂuﬂlﬂﬂﬂﬂwuﬂ

1.29%e+002

o
]
=]
+
L]
=1
=
—
—

9. 250e+001

7.400e+001

5.550e+001

3. 700e+001

1.850e+001

=]
=
[=]
+
o
=]
=]
2
=]

q

SIESTRIEN!

WadIN1s

v
v

UINOULA

Houuoudannuduvesgaan

=\

=

519 4.11 5ot

RY



65

443 msamihmiinveasuudassiianlsulyeiieiteanuuuminaaes
o A 4 9 A ~

Ham 315Ul aiisaInmsesnuuunInaass TaINsNLvLIALaZIATY
<3 Y v = A d A 1 Y ) a ~ = A d g’/ = [
ANUUVINTAIHAYABANI e dana lAmANuALIB Ul B AT NI UTA AR 1A
(2 9 [ o SJd' v A 901 7 A dy A a 3’, =
Tunnassnununsdivdyenlvnfinihminmunavugazide N s s UL U
Y 2 A d Y o &1 [ Y ax =G A
ANWAUVDIYATANTUNIAVNEIINMIUTVY T80 nDUMINARRY NUNTUTNIUN

a 1 F) ° 2’, a2 = g a s v R oA kY Aa
amANuANa Taguaad lusuaumIumhRuas TUa ElmaNuANIo Ul Ty

U3eu0 18.5-55.0 MPa At lugili 4.12

1.850e+002

1.6658+002

1.480e+002

1.295e+002

1.110e+002

9.250e+001

7.400e+001

5.550e+001

3.700e+001

1.850e+001

0.000e+000

]

k4
g’/ =< < Y @

d‘ s 1 Y d' A 1
3‘1J1/I 4.12 FUUDUFAANUAUVDIYAYANUILUT UWH%TﬂﬂTﬁﬂi‘U‘ﬂ?ﬂ

F) Aaxy
AYITDDNULUUNIINADDN

dﬁld Y o o ~ [
LW513L‘Hﬂu%ﬂulQMTLLUUﬂTﬁ@QWTJiUﬂ?Q‘Nﬂﬂ?i@f’)ﬂllﬂ‘ﬂﬂ?i‘ﬂﬂﬁﬂfiﬂ”l

[

a 1 Y

¥ 1 a T 1
ﬁﬂuﬂ’i‘L!ﬂ@g]}’lEJf‘ﬂi!ﬁlﬂ8613'6chu‘UiL’Jﬂ!ﬁﬁﬂ?ﬂ’l?ﬂlﬂu?@uﬂﬁl"]jﬁﬁ}@ﬂ Tﬂmzﬁ’m”lumwam

D-

=

1 a i a 1 <3 1 { & [
ﬂmmmﬁ’maammaﬁmnmau faqaﬂ611u1ﬂGlumwummammuﬁ’muumawﬂﬁﬂﬁum’f"mu

j‘ & [ ?1}/ 9 = 9 3 ] Aa A A < a A
WU G]NTL!ﬂ"li‘]Ji‘]J‘]J?Qﬂi\?Lliﬂ"lﬂlﬂafluﬂ”liﬂflﬁaﬂlmuﬂTﬂ 4 Haquas iy 10 Yaawas

A a =

' a { a g < a { a
l,l,ﬁ$’1]'IﬂWﬁﬂ'lﬂ’ﬂllLﬁu?@uuﬁl“ﬁﬁﬁﬂiﬂmuu ﬁ]xmu"lﬁ}mnmﬁlﬂ@mmgﬁ}uqaqmamnmw

@ Jd o ES 2 < ' a a A I
ul?%}iﬂillllluﬁﬂﬂ LWi'l$ﬂ%1!u%QLWNﬂ'J'HJWHVUfNLTT'ﬁﬂ!lNuﬂ1ﬂ 4 Uaatuastnandu 10

a A a Ao d v v g J A A o 1 { a o
naammmnmmﬂmuummmuu uagmu1/1miuLmﬂzﬁmgmmﬁmﬂmmﬁum ’?ﬂ?ﬂhl@glj



=).

66

Y H ! v
wizg luuSnanius i launeid Mg un Mua NI Ty FLTAIUIALAZA N
Y o A 1 1 o ' 2 Ad 9 o o
Tumszg lduanadslugln 4.13 Taghiimsaaiinludiuvesyaganiudiinumi

A ' 9 A A o 1w 1A Y ¥ o 1 4
Lu'E]Q5]']ﬂﬂ'lﬂ’.l'lllLﬂu?@uﬂﬁl“ﬁﬁﬂ@’lllwuﬂﬂ\‘]ﬂflT)?JﬂTszﬂnJﬂTiLﬂTgaﬂu1ﬁuﬂIUﬁjuu

4
H, —»{ 20 @ 30> 4

70

R6

re B dle— 5 —»

5 N Rs

A o T o Ad o X A ¥ @ Y
E‘lh/l 4.13 sll‘mﬂLmzml,muﬂumimzfgﬂﬂ@mm UWU?QLW@ﬂQUTWUﬂIﬂﬁﬂﬁTN

9

1nmMslsulyaundassdarenisesnuuumsnaass M ldihminuesged

2 2 a a [ 4 %} LY ° A (o o Y ao' o 2
QLWM%UN'ﬁnﬂLﬂM 4.49 nlansuy Lﬁ'ﬁ)ﬁﬂu'lﬂuﬂﬂlf]ﬂll’ﬂﬂi]'lﬁ'éN‘V]’iJi’U“]J?\? mlvidminmy
é! a a o 3 @ o [ Y Yy A =2 A
VHUIIINIAY 3.07 nlansw uazﬂﬁaﬂumuﬂﬁumgmumaawﬂwmmmum;ﬂﬂﬂmu

>

Lo

= d' J 1 o Y 9 d' a ds@’ = a 1 Y @
llﬂﬁilﬂﬁ‘t’J’L!LL“]J’dQLLG]U]JJ‘I/HGI,Wﬂ1ﬂ’313JLﬂu‘I/]l,ﬂﬂ"lluiJﬂ1Lﬂuﬂ1ﬂ’NiJlﬂUﬂi1ﬂ"U’EN ae

AULAAINITIN 4.6



67

~ I I J Y a A = [ ¥ o o =2
M3199 4.6 efisumanuneuiimwanulasu lvasamiminnnmslsvilygada

AMANuAIDUTSFAgIge

AN uNmanaou 1

yATANIIN nouan nadan L
y L s L (lesiru)
Win Win
=KX A o Y o zg
yagamiadn Uy 173.03 179.68 3.84%
2 Av Y o o
yaganui N UM 241.21 255.72 6.01%
aan 357.25 409.91 14.74%




=
unn s

asiwamsIdauazdoiauanuz

U

5.0 ayUwamsivy

[ o =< A

a = s A = < A A o o
AIMNUIYY @]Qﬂﬁgﬁ\‘]ﬂ!W@ﬁﬂH'lﬂ']'liJLL‘lN!!ﬁ\‘lﬂﬂﬂﬂﬂﬂu\iﬂ?nu"ﬁﬂﬁﬂlliﬂﬂi$1/|1$5]']3J

=2 A d o o 1 A an £ A d A
3J'W|3§11!ﬂ151’]ﬂﬁ@ﬂ%qﬂﬂﬂﬂuﬂﬁ’]ﬁﬁUﬁﬂIﬂflﬂ']ﬁéllu']ﬂGlWinLLazLW@@@ﬂLLUUTﬁﬂ’liﬂﬂﬂ‘lﬁlﬂ

o
A o o [

ausosuusansginainan ldmuuiasgriumsnaaeugadanisdimsuso lasarsvuia
Tvey 910M3398 WU

5.1.1 Waﬂﬁ“l/lﬂﬁ@“ﬂﬂ’lﬂllLL%QLliﬂﬂlﬂﬁﬂﬂgﬂﬁﬂjﬂﬂlﬂﬂLLUUﬁWﬁ@Q@%}uLLUUﬁ)’Jﬂiw‘ﬁﬂU

Y
A

am Ja a o A (Z v o 1
aﬂﬂ"lumaamuﬂ ﬂWiLﬂafJ“LWI’ﬂuLL“L!’J‘UuTuﬂUWl&ﬂlfJQQﬂﬂimﬂﬂﬁfJUPﬂuiﬂﬂiﬂTLl

Y
v A A a

(B 9 { ] 9 1 9 [ T
ﬂ'li‘I/]ﬂﬁ’ﬁ]'ﬂLmﬂ1ﬂ31hlﬂuﬂl@ﬁi}@§ﬂﬁu\1ﬁﬂﬂﬂw llﬂ'llﬂuﬂ'lﬂ')'liJLﬂ‘Llﬂi'lﬂﬂl@\‘I'J’L’fﬁ]ulllW'I‘Ll

WIATIIUMTNATDY
o 2 A d Y as .
5.1.2 Nﬁﬁ]1ﬂﬂ1§ﬂi‘]J“JJZ.i\11]‘ﬂﬂﬂ‘]ﬂu\iﬂ]ﬂ’)‘ﬁﬂ?iﬁ)ﬁ]ﬂltﬂﬂﬂ1iﬂﬂﬁﬁ]\1 Design of
. Y an a )=} v 9 o 1
experimental @1'38’)‘]5ﬂ?i‘ﬂﬂﬁ@\ﬂ‘]ﬂLL‘V\Iﬂ‘VI@Liﬂﬁllﬂﬂﬁﬂﬂigﬂﬂiﬂﬂiﬂf 7 ﬁi]i]ﬂ NWUN
[ d‘d 1 1 9 d' = d' @ Y @ dy 9 ]
- ﬂi]ﬁ]f_l‘ﬂllNaG]ﬁ]ﬂWﬂ’ﬂiJLﬂuﬂi]ﬂﬂﬂT]uﬂmﬂﬂ‘Uwu llﬂ!,l,ﬂ (1) ANUKUN
< ' ' ' J [ ]
VOUNANUHUAIUA (2) mumzé{’umug{mﬂan (3) ANVHUIVBUNANUAUAIUDY 1AL

(4) MFINVTINTI51

Y @ Yy

[ § 1 1 9 { = {
- JadenUnanemaAuNIAaNuUIIN UK Taun (1) Aunu

< '
YDUUANNIN LAL (2) ITYTH NV

'
AJ Y o

- FateninanomaNUAUNasnoan U 1A U0 Iaun (1) vuadu

] J A o < 1 <
HIUFUINAN (2) MINUAIUTOITU (3) ﬂ?TNWUTmﬂQLWaﬂLLWUﬁ}WUUU (4) ANURUUDUKAN

] J <
Lmuﬁ}mmﬁ Hag (5) ANUHUIVDUNANRNIN

9 [

[ =< d' @ % d’da a 1 A o 1 9 9
5.1.3 fnﬁﬂﬁﬂﬂ?ﬂ’gﬂEJﬂ'VIuﬁﬂﬂﬂ‘ﬂ‘ﬂEJTI?J@VI‘EWQ@EJTQNUEJﬁTﬂﬂJ Qwﬁiﬁhlﬂ
A '

LLUUﬁTﬁ@QﬂJ@QﬂﬂﬁﬂﬁuﬁﬂNTL!Lﬂm"ﬂﬂ”li‘Vlﬂﬁf)‘]JGI”IllEJWIngTHﬂ”liVIﬂﬁ@Uﬂﬂﬁﬂﬁﬁﬁﬂlﬂﬁiﬂ

Q

Y '
o Y a

Y
Tagasvialng Tagihihminiuau 3.07 Alansy



69

Y
52 UdUBIUL
a <Y = an J a 4 = a A & '
521 myanngraleszdeuisnme il ludedwuanistinsinsgindaludin
yoazuaz Saauiu ldae 19iideu lvlimilousuimisuessa Tasasas el 1dna
d‘d 1 A dal
NAULUNINGIAY
A ¥ o - Y "o
522 a5aenldszinn element NlguAMNgIUwoANYNADILN UGV INA
o 4 X
MaouNNINTY
. < d 4 gy . :
523 AsimsAnEIANULA s Ivessenton e Iniou lunsduddsznang
Y i H 1
FuarumilounumsdudaaswazioannsoInzianudonenzinan s ooou
= < =2 A 1y
524 A25UNINATOUANULYINTIVDIYATANITIVENTD Tasa1suuIa Ivnjdae
A A Ay a ax 9 o A g
113 0INAADUIIINDNDIIDMINAdOULALMI IHLTINTZIAUNIATFIUNMINAd NI

A VA A a ’Z a 7Y ~ an J a s
qummmwaaammwammmﬂwTﬂmﬂimmiwwmaizmﬂu’Jﬁ‘wN'lWlumaamum



318N1591999

YUAS NFUNEAT (2548). Namansvesdaq. Inowani. ngumnua. 632 win

Ui Tund arzdrn 2555). Iludedmudluauiainssy. Suiniuiuvaymasnsal
UMIINGIRD. NFUNNA. 613 WTI

q3pug YA neuw fulianes uaz vuas $9sEarg (2547). msdRsEdlasaang
sosuddImTumsudadu. n1sUszyuininisiniedisIainismaiedna
uratlszmeing adait 18 SanSavenunu. 18-20 ARIAY 2547

Annual book of ASTM standard, (2004). Standard Test Method for Tension Testing of
Metallic Materials. ASTM ES8, Vol.03.01. pp.62-85

Annual book of ASTM standard, (2004). Standard Test Method for Poisson's Ratio at Room
Temperature. ASTM E132, Vol.03.01. pp.293-295

Annual book of ASTM standard, (2004). Standard Specification for Structural Bolts, Steel,
Heat Treated, 120/105 ksi Minimum Tensile Strength. ASTM A325, Vol.01.08.
pp.67-74

Caputo, F., Lamanna, G., and Soprano, A. (2012). On the evaluation of the overload coming from
the use of seat-belt on a passenger railway seat. International Journal of Mechanics
and Material in Design. Vol.8, No.4. pp.335-348

Heo, U., Kim, S.K., Song, M.J., Yang, L.Y., and Im, K.H. (2011). Effectiveness evaluation for
seat part by seat belt anchorage strength analysis. International Journal of Precision
Engineer and Manufacturing. Vol.12, No.6. pp.1031-1034

Hu, Y., Burgess, 1., Devison, B., and Plank, R. (2010). Multi-Scale Modelling of Flexible End
Plate Connections under Fire Conditions. The Open Construction and Building
Technology Journal. Vol.4. pp.88-104

Kang, S.J., and Chun, B.K. (2000). An effective approach to prediction of the collapse mode in

automotive seat structure. Thin-Walled Structure. Vol.37. pp.113-125



71

Mayrhofer, E., Steffan, H., and Hoschopf, H. (2005). Enhanced coach and bus occupant safety.
The 19" ESV Conference Proceedings. Paper number 05-0351

Sandor, V.P., and Zolthn, T., (2005) Simulations of Bus-Seat Impact Tests according to ECE
Regurations. The 19" ESV Conference Proceedings. Paper number 98-S4-P-19

United Nations Economic Commission for Europe, (2011). Regulation No. 80. Transport

Division, Revision 1



MANHIN D

a d' Yo a A d \ =
mm:nmmm'm"!mummwuwmmms‘lummzﬂmen



73
A a ci Yo a A d v =
‘515]‘1“’]‘]]1’]ﬂ’ﬂN’J‘Iﬂﬂ1§°¥lvlﬂTlJﬂ]‘iﬂWNW!Nﬂ!!Wﬂu‘Uﬂ!%ﬂﬂH]

Siwadamrongpong, S., Rooppakhun, S., Murachai, N., and Burakorn, P., (2013). Strength
Analysis of the Seat Anchorages for Large Passenger Vehicles Using Finite Element
Method. International Conference on Materials and Manufacturing Research IMMRC

2012). 19-20 December 2012. Hong Kong. pp.330-334



74

Advanced Materials Research Vol. 638 (2013) pp 340-344
Online available since 201 3/Jan/25 at www_scientific_net
© (2013) Trans Tech Publications, Switzerland

doi: 104028 www.scientific.net/AMR.658.340

Strength Analysis of the Seat Anchorages for Large Passenger Vehicles
Using Finite Element Method

Somsak Siwadamrongpong'?, Supakit Rooppakhun®®, Natchaya Murachai*®
and Pakorn Burakorn?*

' School of Manufacturing Engineering, Suranaree University of Technology, 111 University
Avenue, Muang District, Nakhon Ratchasima 30000, Thailand

2 school of Mechanical Engineering, Suranaree University of Technology, 111 University Avenue,
Muang District, Nakhon Ratchasima 30000, Thailand

2 somsaksi@sut.ac.th, "supakit@g.sut.ac.th, janad4_4@hotmail.com, “raykad_korn@hotmail.com
Keywords: ECE Regulation, Finite element, Seat anchorages, Bus

Abstract. Since the vehicle accident is one of the major causes of dead and injury in Thailand,
especially the large passenger vehicle. The seat anchorage was often damaged and lead to high
number and critical of patient. To improve the safety of large passenger vehicle, seat anchorage
should be investigated. The aim of this research was to analyze strength of seat anchorages for  the
bus according to European standard ECE Regulation 80 using finite element method and
DOE(Design of Experimental) approach. In this study, the boundary conditions on finite element
model of seat structure were defined according to the regulation. It is expected that the simulation
techniques could be advantaged for seat anchorage analysis. This result will be used for further
improvement of the bus seat anchorage design for safety and cost reduction in design processes.

Introduction

In the present, large numbers of people in Thailand uses the large passenger vehicles for land
transportationdue to its convenient and save. However, the safety issue is also important to consider.
It is known that the safety regulation on large passenger vehicle is under consideration and still
currently insufficient.

Department of Land Transport has proposed new safety regulations for the large passenger vehicle
to ensure more safety for people when traveling with land transportation such as bus. The UN ECE
Regulations were brought to consider as existing reliable regulation in the world. The regulations are
consisted of several kind of determination such as front impact, rolling test and seat safety. The safety
regulation of bus seat can be defined into 3 categories, belt pivot strength, seat structure strength and
seat anchorage strength. Refer to Thailand Accident Research Center (TARC) [1] information, when
the large passenger vehicle was impacted, some of passenger was injured due to damage of the seat
anchorage. Beside the test that followed through the regulation, simulation method [2] also can be
applied as alternative test method in compliance with dynamic test. Regarding to the safety regulation
of seat anchorage that might be issued in the next few years, it may be defined according to ECE
Regulation 80. Therefore, it should be the most advantage for bus industrial in Thailand if simulation
techniques can provide reliable model of bus seat anchorage before testing the real prototype. There
are cost saving and shorter time of design processes which is expected profit of this study.

The objective of this paper was to analyze the strength of seat anchorages for the large passenger
vehicle according to European standard ECE Regulation 80 using fimite element method. It is
expected that this study could provide the improved model of seat anchorages which conform to the
regulation.

All rights reserved. No part of contents of paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www._ttp_nat. (ID: 203.1%.4226. Suranaree University of Taechnology, NakomRatchasima, nd—(&&l*&ﬂ@:?ﬁ:!ﬁ:
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Methods and Materials

ECE Regulation 80. The purpose of ECE Regulation 80 is specific vehicle for carrying more than
sixteen passengers. The applied load is static load which is to test the seat anchorages to ensure that
the superstructure of the seat anchorages has sufficient strength and harmlessness after a test on the
complete vehicle. The test criteria were decided by no any parts damage or could make injury to the
passengers. Moreover, the point of tested equipment at the height H, must move between 100 - 400
mm and at the height H> must move between 50 - 400 mm. The test configuration regarding to the
regulation is to apply force at the height H, which shall be between 0.70 m and 0.80 m and at the
height H> which shall be between 0.45 and 0.55 m as shown in Fig. 1. Then, the applied forces, F; and
F3, can be calculated follow to Eq. 1 and Eq. 2 respectively.

F=20%5N (1)
Hl
Fy= 2;:”":' c100 N (2)

Fig. 1Configuration of seat anchorages test according to ECE R80

Finite element method. In this study the seat structure model was created using Solid Works 2011.
The seat structure and dimension was simplified from the real vehicle seat which was obsolete model
of Cherdchai Industrial Co. Ltd. The model consists of seat-back, base, leg, the side anchorages and
the ground anchorage. The tested seat model, equipment and floor were shown in Fig. 2. The
components of seat structural were simulated as solid element and surface element as shown in Table
1. The simulation was carried out by using ANSYS Workbench software.

The test
equipment

Side Anchorage
- \JI Floors

Fig. 2Geometric modeling of the seat

| GroundAnchorage

Table 1 Components of the seat

No. Parts Element type Thickness[mm]
1 Seat-back Shell 2
2 Base Shell 2
3 leg Shell 2
3 Side/Ground Anchorages Solid 4
4 The test equipments Solid 150
5 Floors Solid 5
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Materials. The structural materials are consisted of rectangular steel tubes and sheet metal. The seat
anchorages are located on the floor (the lowest part of base), that is assumed as an isotropic and linear
elastic material properties. The material properties was refered to ASTM standard ER [4] , standard
for the tensile testunder uniaxial tensile stresses. The material properties was shown in Table 2.

Table 2 Material properties
Material properties
Thickness Tensile Strength Yield Strength Young's modulus
[MPa] [MPa] [GPa]
rectangular tubes 564 470 195
sheet metal 494 390 133

Design of Experiment. In this study, the DOE approach was purposing on Minitab software. The
maximum von Mises stress was occurred on the side anchorages. The method was using 2* Factorial
Design by determined 2 factors that were the thickness (t) and the distance (d) of the side anchorage
as shown in Fig.3.The distance and thickness were varied between 100 to 160 mm and 2 to 4 mm,

respectively.
) ] et

Fig. 3 The factors of DOE approach

Contacts condition In this study, the contact conditions was referred to an actual mechanics of
structureas shown in Table 3.

Table 3 Contacts condition of model

Behaviour
Slide but not allow separation
Slide but not allow separation

Part contact
Seat-back - The test equipment
Seat-back - Base

Leg - Floors Slide but not allow separation
Base - Leg Perfect welding
Bolt - Nut Perfect welding

Bolt - Another part Rotation on the revolute axis

Boundary condition. The boundary condition at the floors were set as fully fixed. The height H, and
H, were 0.8 m and 0.55 m, respectively. Therefore, the apply force F, and F; that was applied to the
test equipments were calculated being 1,250 N and 3,640 N, respectively.

Results and Discussion

In this study, strength of the seat anchorages was carried out by using finite element analysis to
describe the von Mises stress and deformation. Then the effects of the different geometric on the side
seat anchorage was investigated in case thickness and distance using DOE (Design of Experiment)
approach.

The seat anchorages strength. On the conventional model, the maximum von Mises stress of the
side anchorage was 1,005.3MPa which occurred on below corner of the anchorages (no.1) as shown
in Fig.5 that was over the yield stress of material. So this geometry was improved to decrease the
maximum stress. In this study, the 2 factors were used to compare 4 cases of the von Mises stress as
shown in table 4. According to the result, the thickness and the distance were influencing to the stress
on the side anchorage. The thickness was more significant effect than the distance by confidence level
95%as shown in Fig.6. Based on the results, thickness and distance should be increased for the
reduction of von Mises stress.
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Unit: MPa

1005.3 Man Maximum stress
89365

761.96

670.25 @

554,57

446,69
3s.18
27149
11LE
010636 Min

Fig. 5 Stress distribution of the side anchorages

Table 4 The comparison of the factors have an effect on the von Mises stress

Factors .
case Thickness [mm] Distance [mm] Von Mises Stress [MPa]
1 4 160 642.09
2 4 100 946.71
3 2 160 1,037.40
4 2 100 1,368.40

Pareto Chart of the Standardized Effects
(response is stress, Alpha = 0.05)

12.71

thickness:

distance-

5 10 5 30 35

15 20
Standardized Effect

Fig.6 Chart to the standardized effect between thickness and effect

Deformation. The deformation of the seat-back was shown in Fig.7. According to the result of the
DOE approach, the thickness and the distance of the side anchorage had not an influence in
deformation of seat-back. The averagemaximum deformation of seat-back at H, and H, in Z direction
was 284.05 and 104.63 mm. Agreeable to the result, the seat structure was accept in term of allowable
deformation.

Unit: mrm
443.11 Max
393.87
314,64
295.41
246,17
196,94
147.7
98.463
49,234
0 Min

Fig. 7 Deformation of seat-back
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Summary

The maximum von Mises occurred on the side anchorages was over the yield stress of material. It
could be concluded that the seat structure was not safe enough for the passenger. However, please
note that the other energy absorp material such as sponge, textile and leather are negligible in this
study. The DOE approach was illustrated that the appropriated model should be optimized by
changing of thickness and distance. In further study, the simulation results will be verified with
experimental result. There are expected to achieve the appropriate design seat anchorages.
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