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PITINUM VASANTASANANONT : STRESS ANALYSIS AND DESIGN
OF THE SEAT BELT ANCHORAGE DOUBLE SEAT TYPE FOR LARGE
PASSENGER VEHICLES. THESIS ADVISOR : SOMSAK

SIWADAMRONGPONG, Ph.D., 122 PP.

SEAT BELT ANCHORS/PASSENGER SEAT STRUCTURE/FINITE ELEMENT

METHOD

Seat belt is an important for safety in order to safe passenger from injury and
deaths in accident. Department of Land Transport (DLT) has prescribed the law to
control the bus manufacturing company for anchoring the seat belt into the passenger
seat structure according to the standard TIS.1467-2555 or UN ECE Regulation 14.
There are standard test for seat belt anchorage of automobile. However, in Thailand,
there is no laboratory to test the seat belt anchorage and certify the testing according
to those standards. This research was to analyze strength of the seat structure
following to the requirements of the UN ECE Regulation 14 by using Finite Element
Method. The analysis results showed that the seat belt anchors were slightly damaged
(just above allowance stress) and seat belts did not slip out of the passenger seat
structure. However, the passenger seats were damaged and tear due to maximum
bending moment at the connection joint of Chassis Profile part. Factorial design
technique, 24, was employed to determine factors such as the thickness of the parts
that damaged and nearby. The results of the factorial design analysis showed that the
thickness of Chassis Profile influence the overall damaged significantly. It was also

found that the thickness of Support Center affected the damage of Chassis Profile and



Seat Anchorage significantly. It was implied that an improper shape of such parts
was the main cause of damage. Some parts were redesigned and improved in both
shape and thickness. The results showed that improved passenger seats are strong

enough and conform to requirements on the basis of UN ECE Regulation 14.
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@ o w = ~ ax Ia A 4 9 a a o= 1
wﬂ%ﬁmmﬁmmmaﬁwwmuElmﬂvxl"lumaamuﬂ fﬂiﬁ‘i'l\‘iﬁiJﬂ'liGU’f]\‘i’E)ﬁﬁlﬂJu@l“]Nﬂgqluzﬂ

aumsn (2.1)
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k11 k12 k13 )
21 22 23 ¢2 =

k31 k32 k33 e 3 e

(2.1)

Faenusainldlae
as .
. 25015 laeAs9 (direct approach)
ad v . .
¥. A5M3UIAU (variation approach)
Y
A, 1 o @ Y . .
A. 250290 MUNANAN (method of weighted residuals)
4 o ~ a @ v < 4 g =
Fevunouil lumsianznilymmeanuueuds EUAUNNMIANEITUNS
A & o P P ano A
wugwm il deaumsanuaugaves vowdsninmstanguluauiaswaadlugn - 2.5

= o 1 Y dy
ﬁulﬁﬂl"ll‘c’lulﬂuﬁiJﬂﬁEJ’E]ﬂﬂﬂu

0
do, + Dy 07, +F, =0
o, 0, 0,
or,, 0o, Ort,
y 7y Ty +Fy 24 2.2)
o, 0, 0,
0
or,, N 7, Oo, +F, =0
o, 0, 0,

lagio,, o, 10z o, unuanuAnluszuueny x, y uag z mudau O T

7, UNUAANUAUR DY F..F,uaz F, unuusadag (body foree) Tuunaunu x, yuag z
a 3 o Y A A &
Glﬁ@ﬂW'Jif]ﬂu@ﬂﬂl@ﬁﬂlﬂﬂllﬂl\?ﬂ\illﬁﬂﬂﬁluzﬂ 2.5’8']1ﬂ1]i3ﬂ@ﬂﬂ38lﬁ@u1ﬂlﬂlﬂﬂﬁl@ﬂﬁ’lﬂﬂ PUAH

= o & Y Aa . o A
p1imMImMruaeu lvvesaNuAUNAI (surface traction) Glugﬂgmum‘lﬂﬂa

T =T,i+T,j+Tk 23)

Tag T, ,T,uas T,unuanuduimlufienauny  x, yuaz z awday &9

= Y 9 ] 1 YA
mmimm&miwagiugﬂuummmmmuaaamm"l@ﬂa

o, T n 2.4)
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{ I A ¢ s
Tagiin, ,n, uaz n, Wuiienalaleil (direction cosines) Y8INADS
n a A ~
A=n1+n, j+nk (2.5)

[

& g PR v A = o a
FUTUNNADTNAININAVRI YANNTAINIITUN

{ o ] <3 Aan
39 2.5 urummavgamudwsitialas Tuveadeauia

U

@11 - Y51 Tund w61 1w2550)

A A AAa J dy 9 < Aaa A 3 =
u@ﬂmuamﬂuauhhmamﬂmwmmmuum mmumﬂuﬁmmiugﬂm 2.5 HUD19TY
= 09/1 9 . d’ a d? 1 o 9 [ Y] 4 1 9
ANUATIAYUAY  (pre-strain) nnavuagnau ‘wﬂwmmanwuﬁizmnmmmmmz

anuasea lasna'lilae

{o}=[Cl{e -4} 2.6)
JE
{O'}T =L(7X 0,0, Ty Ty Ty 2.7

Xy “yz

(e} =| 65,8747y 7] 2.8)
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1-v v 1% 0 0 0
v 1-v v 0 0 0
[C] B E 1% v 1-v 0 0 0 29
(1+v)(1—2v) 0 0 0 (1-2v)/2 0 0 '
0 0 0 0 @-2v)/2 0
0 0 0 0 0 (1-2v) |

4 ~ naz’ Y
oz {&,} uNUNNADIVBIANIATEATUAY
o o 9 1 Y 9 Ja A o o %
U1 Tund wrzdrln (2550) 1anan A nlumsadaaums W luadaamuadmsy
] < A A v o { Y qv
Yymnea e naunsasunngumsseyiusawdadlugumsi - (2.2) uaald
= an @ £ o 9 o do A A o ] 9 1 Y a a v
sufouisudlsiu geduiudesmilsnduindetinmsmaudsgne ldinaaumsFeoyius
o ~ L o o W oA o o v A
Faaumsn (2.2) FalanFuaanannenasnufingsiuae

J=U"+V" (2.10)

A * A v A a dgl = [ 4
I@ﬂ‘ﬂ U ﬂ’awamu‘wmmumﬂmmmiﬂﬂclumqmuamﬁlu;ﬂ 2.6

v

2

v
% =

= a = o
?j‘]J‘Vl 2.6 Wa\i\i"lu‘l/llﬂﬂﬁﬂﬂﬂfl”lllLﬂiﬂﬂ‘lu?}@q

@G - Y51 Tumd 281 112550)
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U*=§JL5—50J{U}dV (2.11)

LNy {o} Mnaumsi (2.6) adhlog1d

=—IL8 & |[Cl{e—&}av (2.12)

@ Y o J Y
UAIINNISVNYDDNLLAIIANIU i]ghl@

U*ZE\J/.LEJ[C]{ ngJ { dV+_H50J (2.13)

A kA @ v A a [ AA A
Tugunsin (2.10) V ADNAINUANYNLINAVINLLTIING (body force) 50T Vv uay

ddd d

LLi\‘WIIN’J (Surface Traction) VURINUWUN S mﬁm*ﬁmmauaﬂusﬂzmma

= [(FRu+Fy+Fw)dV - [(Tu+Tv+T,w)ds
\Y S

FX TX
:Iu vV W Fy dV—ju vV W Ty ds (2.14)
\ F S T

:\J;LEJ{F}dV —!LEJ{T}ds

A | = I ' . o A
Taeh L&J ununnmesnUseneudleanadoudl u, viaz wludsnaunu x, vy
o w S [ a 1
LA Z 1419l LLae [F] me’mmaimﬂizﬂauﬁjwuﬂmqiuwﬁﬂmmu X, yuas z a1y
s v A a S/
{T}llﬂul’)ﬂm@iﬂﬂigﬂﬂﬂﬂﬁﬂui\?‘ﬂN’Jﬁluﬂ‘ﬁﬂNLLﬂu X, YUag Z nUUNMMIUnNuauns

£4
@.13)uag 2.14)aluaums 2.103ane Idinandsnudndsanlugiuuudail

J :%\J/‘LgJ[C]{g} dv —(!.ng [C]{&,}dV +%\J/.|_80J[C]{go}dv
—J.ng{F}dV _J.ng{T}dS (2.15)
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Faauns .15)annsoth llaaduaums W ludsadmuddmsudaamud lua

1 118 Tag148aamuansananiilsznoudls syanesagili 2.7

%

~ a a o Y aa
EL]J‘V] 2.7 2AANUANITIVNUUIT WU

@11 : Y51 Tund w261 1n2550)

auydlidnuaznInszevesantoudl luauiani laeaunaaouid Tuai

#amalagaundoudd lundaziannannsadouliegluzdvesilasdumsiszunmnely

9
v A

! 9
danmuAuazAIMsIAToU) a1 Auntgadenalayane ladail

U(X, Y, Z)= N(z,y, Z)(1><8) {u}(8><1)

V(X! y! Z): N (Z’ y’ Z)(1><8) {V}(gxl) (216)
W(X’ Y Z): N(z,y, Z)(1x8) {W}(le)
N30eUI AU 1A

ng(3xl) - I-N (z.y, Z)J(3x24) |_5_|(24><l) 2.17)
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Taeh

LEJT =lu v w|

L5TJ=LU1 Vi WU, v, WU Vo W | (2.18)

4 = [ = Y 1 A Y YA
NNPBIUDIANUATIAAITUNIT (2.8)?[’]”’]3'0151]ﬂuiﬁ@giuzﬂm63ﬂ1ﬂ1ﬁmaf)uﬂ')ulﬂﬂ@

ou
OX
ov
&, 5
|| aw
&, 0z
{8}: Vx B 6—u+@ :[B(X’y’z)](6X24){5}(24x1) (2.19)
vyl | X
ro | oW
o0z oy
au, ow
0z  OX

{ a 4 v o J 1 4 @
Tavh [B(x, Y, z)]Lmummﬂc}fmmﬁmwu‘ﬁizmwmmLﬂ%mmzmﬁmﬁ@um N

UNUTUNT (2.17)8e (2.19)aﬂuﬁumimmwﬁmuﬁ’ﬂﬁim (2.15)‘0815{

1
J = E\./[L5J(k24) LBT J(24><6) [C](Gxﬁ) [B](6x24) {5}(24><1) dV
_\J; L5J(h24) LBT J(24X5) [C](GXG) {80}(6><l) dV
1
+§\!L80J(h6) [C](6x6) {80}(5x1) dv _JL5J(k24) LNT J(24X3) {F}(le) dv

_£L5J(hz4) L NT J(24X3) {T }(24><1) ds
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1 I
nsoweude lailu

= 3L IIKIo} L3R+ 3 Lo JIC)en) oV
-6 ]{Rs} -6 1R} (2.20)

Tao

[ K ](24><24) - ILBT J(24Xa) [C](axe) [B](ex24) dv (2.21-1)
%

{FO}(24><1) = J‘LBT J(24><6) [C](6><6) [80 ](le) dV (221'2)
%

{ Fy }(24><1) = jL N J(24X3) { F }(3><1) dv (2.21-3)
%

{ FT }(24><1) = IL NT J(24><3) T(3><l)dS (221'4)
Y

A A

4 a /S a 2 g ¢

Tuiiil [K]Aedaamudmmingvesnnuuiaunia (R}, {F},{F } Ao lvaannmes
A Yy 9 @ AAa o w Ia A 4 1
IH99NNNANAUAY 153507 tazusInFIE WD aums W ludsaduuannmsnim

v ] k4
fgavesnasnudndsaauaaaluaunish 2.20iude

d! U Y a Ja A 4 QSJI Qy [ o [ d! a A 4
"”INﬁ]gﬂ@ﬂlfl’iLﬂﬂﬁiJﬂﬁ"lWlluﬁﬂaamu{;lﬁ’nJﬂﬂﬁu 2470UNMTYBYTINTUNUIDAUNTA

Y Y 1 09/1 ' dy = Y
‘V]ﬁ\iﬁﬂﬁu']‘ﬂﬂﬁgﬂﬂﬂﬂjﬂ!!ﬂﬂﬂqﬂﬁ@ Ny 24 ﬁllﬂ’lﬁﬂ@ﬂuﬁ]u'ﬁﬂ!ﬂlﬂuiﬁ@gﬂlugﬂﬂl@\jﬁmﬂ'ﬁlm

9
N Yo

a =
N3N lagatl

[K ](24><24) [5](24><l) - { Fo }(24><l) + { Fy }(24><1) + { Fr }(24><1) (2.22)

@ A Ja A J a a o'd?} <
Wﬁ\iﬂ']ﬂ“lﬂﬂ‘igﬂ’f]‘]JﬁlIﬂ']ihlv\lul,uﬁ@aﬁlﬂuﬁ%']ﬂnﬂ“] aaamumuﬂmzuuanmiim

Y
a o o o

@ a 4 4 v J
VOINYTINNUAUU lléjﬁﬂ']ﬂ'liﬂ'Wiuﬂﬁ@uUlmﬂlﬂﬂ!ﬂ]ﬁllﬂ%tlﬁi%ﬂﬂﬁllﬂ15§'§3JLﬁ’E)°I’i'INﬁﬁWﬁ"U’EN

! Yy 9

AundoUMNNNIIaae laudl aanuduluianisaies aunsoduan1dlaons Idaunis

E4
~

2.6)uag (2.19)14¢atl
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{O-}(en) - [C](exe) [B](6x24) {5}(24><1) "'[C](exe) {80}(6><1) (2.23)

Ja a 4 a Aa 4 a o U dy an [
aums W ludeadmudiazdaamudunsngaise mart luauiiasunsasanda
d' o Y Ja a o Aa a 4 a g o v Aa A o =
o ladeaums Il ludoadwuduazdadmudunindaieg dmsudaamualumile
Aa a A 9
04 uazauiariadu 18
k4 v ]
[ = o 1 a A s Y [ 9 1 Y a
Tuaeun 4msinauevoaazdaauuan laudseneusiunud aeulnnassuy

TUNITIIV (system of simultaneous equations)

> (element equations ) [ [K]SyS 19}, ={Fl., (2.24)

o { o 7 A .
mu@muﬁ SVIWﬂTSTJﬁ%QﬂGIﬁﬂuhl‘UﬂJﬂ‘UL‘Uﬂ (boundary conditions) aﬂmzuuaumﬁw
v

Y K

dy, [ Y % (72 { 1
(22)  uARWATTUVTNNMITININDH {¢}Sysauﬂﬁgﬂaumﬂm"l,ugmﬁimm (nodal

£ ] 1 < o A A a
unknowns) 9019921 umMA Tuegiuen lvveuwavesilymninsan
Qa: A = T A ' Y 9 0 ¥ A 1A A
Juaoui eiijemuaneg Nyaasesni laudainaunsatiunlovemarous f
' [ 4 ' o < 0 '
avamsae 11& wu iledmmaidegagadoaisguesTaseadenamwnsori Tl dmen

=) Y Y o w
ﬂ'J'lll!ﬂiﬂﬂl!agﬂj'lﬂlﬂuulﬂ@'lua']ﬂﬂ

=) =
24 NngeEHANUaeTing
~ =) 4 9 1 1 = o ] Y I
gi3z dszaSgassi (2553) lanani mademevesigaanniontiseon laily
2 dsuanlvgiqdleiufe MmadomonuunIIn LagmMsIEIBLLULANTNYI0RANUIA
£ = o’j dyogj = 1 o Qy a & dyd
(cleavage) ~ BIMi@eometialsznniiuianuuanaleiu Iasdus ¥3nsasntinly

4 A 1 1 . . Qs: <A
Usngmsaivesmsn/asuniaazils9ed190175  (Plastic Deformation) Hunfe luanaved

€

[

a A . A . £ g A 1
TAVDANITAUNANITIADU (Slip) UUFLUIUNMSEDU (Slip Plane) Wﬂ!ﬂuﬂTﬁlﬂaﬂugﬂi’Nﬂl@ﬂ

[

W oA qazl [ = Ay o = (% P 9
aﬁﬂl,m]lmﬂaﬂuuﬂawum ﬂ']'iﬂ3"Iﬂl!1!L‘]_Iuﬂ’]ilﬁ'ﬂﬂTﬂVIﬁ@ﬂﬂTﬂﬂL?ﬁT“ﬁﬂﬂgﬁﬂlﬂﬁqﬂajﬂﬁu"l
A [ a [ A a . [ ~ A P
A9 ITANANITUDU NITYADDN NITINANDADA (necking) LL@]ﬂ"I'iLﬁle”lflTllﬂH‘]Jﬁ"lﬂ;]ﬂ']ﬁilﬂ/l

k4 9 [
Turanagnaeenoananiu T uiuIAIRINAURAN YD LT IRITUEIN T IFUZ LT BATE)

v . @ a Y 9y 09/1 3| = I o o 2

IEUINDUNN (Cohesive force) GU'EJ\33'ﬁﬁ]Lﬂﬂ?ﬂu]lﬂuuﬁlglﬂuﬂ"ﬁ!,ﬁﬂﬂ"lﬂ@Eﬂ\iﬂglﬂuﬂu IS

3| Y . £ a dy ] = ~
Wumsuaninuuunlsg (Brittle Fracture) G]NﬂTiLf‘TEJW']fJLL‘]J‘]J‘L!Li"Ii]S"IJJﬁ']ﬁJ']'iﬂllif’]ﬂ']fﬁ/ﬁ]g
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(% Y1 9 < = A a o o 1 ] A [ a 9 .
duna lddranih mswdumsdemennganssuvesiagieglurdanguFady  (Linear
elastic)
~ Qy 1 1 [ 3 Qy 1 9 A Qy 1 A ]
MO8V IFUAIUAIE) MMz uFua I InTIa3 e T erUaIATEIINTNA
¥ Y g Y, Yy a 2 A 2 Ae 1o
AU uAMAY0INNNANHAIVDINUNNATUIAINT TN FIANUToNeUTUILAIAN
¥ A @ & o 13 o w ~ A a =& =R W 1 Aaa
Iaosdnsriusiiau liduiias uazlszansnnanad 901992090 UATIIADTIALAL
v Ia 9 a 0911 9 Y A 19 Y a
nindauld lunesnuuumadmnssniudosnuuudesnereimosniuuiie luldnans
=
GOLAL
9 ay [ 9 A ay ! A v A Yo
Tuanzanuaulusudiulassade vosuarunieosdninaluvaznldsumse
o = . . :JI 3 A A A o = P2 A
ATEMVVUAUIAYY (Uniaxial force) Wuilumanenuisanazinnemsdenieldde usiie
ay ] o 1 qu A o [l A o 9 A Aa ~ 1 [ = o Y
Fudruaenaniudianvazglieidudou tazlinaneiuanasnuesn 11 dsazildms
° = o & Y] 2 2 2 o ' LA Yy Aa &
Mneanudeviteiudlu 1y 1densedu maz lusudiudanarniviianudunnayy
' 2 A " Y =& ' Y o Y =
WINNIUHUWNUNT0199208 1A 1UHa18en 12 F39199208 IUdN1IZAALIR ANWALA
[ a o 5’ dyc.' -4 [ T-Y 1 o 1 qy [
ANuALIRDU ANMIAUAA ANUIAULA SIuAUNSTNTuegiuanYMzM Iz InTzMdeFudIu

1 E4 ]
AINaNM “dh;\‘]ﬁwﬂ‘k!il!$ﬂ’31m?a‘|}uﬁ\1ﬂaT’Jﬁﬁ]&?ﬂﬂ’ﬂﬂ?ﬂmﬁ}uﬂﬁu (Combined Stress) “?Qfsl}THWﬂ’N ”

[
A 1A

mmgﬁ’umw%mmﬁ'uwﬁuﬁgﬁﬂﬁuiu%yudamfummqqm'm?awhﬁ'mamﬁuﬂimﬁum
Jerq) Fuduiufzsumsasnuiemsuanin” Taonguimademenionldiuee
Usgnoudls 6 nquae

1. wqyf]mmgﬁ'uﬁé”ﬂq 3@ (maximum principal stress theory)

2. wqyf]mmzﬁ'ugﬁauq 37A (maximum shear stress theory %30 Tresca yield theory)

3. NYEHANVATIAGIAN (maximum strain theory)

4. NOURNAINUANNIATEATIN (total strain energy theory)

5. ﬂﬂHf]WﬁQQ”IHLL‘]Jig‘IJ (distortion energy theory %30 von Misses)

6. NOBHANUAUINOUOBNNZEATA(Octahedral Shear Stress Criterion)

S v ' a 9 ' Y Y a =
NOHHAINA 1A% WNFTYNee (2548) Idnan 1A latauyaguvesmgpanu
Y
@emetiazilszneulUde
Y A v
(1) roveslanziivazdesinnuminausnazliguanianenamioununniam
(Isotropic material)
I ' o v < -
) msghnszimeiaativzdeuilunmszuuueaia
b4 4
3) FaaezFunseaelamu@ernunssda (lilinaues Bauschingeriadiu) daiuaam

AUATINAEDUMIAUANUAUATINDA
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@) dsmasvesiagiinnsdinaen wazrasauvesnnuasoannlaou liluniamia
1 1 @ 4
A9 TALAVZTINUFUS

(5) anuAudanioaNudumae lulinaaenNuAUATIN

a

(6) hifnsanHavesguunl

U

= = lel Y = = = = d! ! =
%1ﬂ‘1/]i]15|§]ﬂ'JnJLﬁEJW"IEWNWiJﬂhlﬂiJﬂﬁHJiEJ‘]JL‘V]?J“]J‘V]‘E]Bg]ﬂ1ilﬁ8‘ﬁ18 FINVIMNG B

=

= SN ] a 7w = 3 S A a Y A
anuiderienienldlumsiangiiagn laveniu Tanzimiledns nguanuduR o
= Y A 2 o A a o £ @
IR Az NEANNAUIRBUBRNNZFATE nTaNguRWAIULTTY FanseumIuaniin
=2 Y A o ' = Y A 2 o A
YRINYBRANUAURDUFIGATUITDEN 8 TUNTOVVDINGHRANWALINOUBENNZTATANTD
v Y Y [
nouRnasnuualsgl ezl 2.8 vagnseumsuanriniidesinzdudaiuige o, = o,
= Y A a2 o Y J

, 0,= to,uaz oy = o, NQEHANUIANmBNRRNNZEATa vz lrmulameIndw
Vasadegandnlszana 15% Aoana g 2.8 dadIUUDITezINUNUYBINTINTZUBNDA

E4
NIOUMIUANHNVDINITDING B AD

o.N213
Z0NTTE =115 %50 15%
o, /\/_2_
' = Y A ¥ A Y} '
muﬂsmﬂlmmmmmzum(aa = 0) Gl'lll?l‘ll‘ﬂ 2.8 Ll,uwmmmmumaumu%zagiu
d' @ 1 1 o VoA S A 9 d' %
UHINTAATIUUDN o, /O'1= S1AIUNUKHHIN o, /O'1= 2 ﬂﬂf]ﬂ'J'lﬂJl,ﬂuLu’fN%'lﬂﬂ'ﬂiJﬂuﬂ'lﬂslu

Y
NONUIVNUULOI
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G, (a==)
a=1+2 o
= 2
G:O / o=+l Q:FH
/ / 1
Gn £ s
/ ’/ ]
/ , o B
/ # - &
/ 7z
1 2 -7
I/////
0 1y -
0 O, (a=0)
1 % c, 1
N
N
N
\a~l
~C.,
-C,

517 2.8 Tasgamsuaniin lugnzanuAunandelinnieg

(i ;199 WNTATYNOI 2548)

1 <} @ @ ' <
f]fJ’Nulﬁﬂﬁ']ll%']ﬂNﬁﬂ’]ﬁﬂﬂﬁﬂﬂﬂ’]ﬁll@’lﬂﬁﬂﬂl@ﬂjﬁﬂjﬁﬁglﬂﬁﬂq YU AN Lasfy
A v = 9 =) a2 o A = [ .
?“lh/l 2.9WUQTﬂqyaﬂUWNLﬂulﬂﬂuﬂﬂﬂﬂgaﬂﬁﬁﬁiﬂﬂqyaWﬁQQTullﬂjgﬂ (Von mises) UU

Tiwamsinenlndifesnimguianudumnougage

7 oct. shear Yielding (o, = 6,)
© Ni-Cr-Mo steel

e AISI 1023 steel
O 2024-T4 A

m 3S-HAl

Fracture (c.=0 )

A Gray cast iron

']Jﬁ 2.9 mszsmmfmwamima@uﬂumygmmmuwaﬂmaﬂ ‘nqygmmmumau
ga uawqygmmmumau@@ﬂmamam@myawmamuﬂigﬂ

(N : 1A% WNTTYNOI 2548)
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AZ: NEW LOAD Maximum sing3

Equivalent Stress

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: MPa

Time: 1

8/15/2015 10:10 PM

476.98 Max
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370.99
317.99
264,99
21199
158.99
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Jave dunlsaevaues
Run Bracket Chassis Seat Support A B C
Side Profile | Anchorage | Center
1 6.00 2.3 4.0 3.15 431.385 | 430.770 | 426.610
2 6.00 2.0 4.0 3.15 440.525 | 447.355 | 435.360
3 3.15 2.3 4.0 6.00 403.190 | 419.080 | 419.870
4 3.15 2.0 4.0 6.00 407.075 | 431.870 | 429.420
5 3.15 2.3 2.5 6.00 427.205 | 420.785 | 420.530
6 6.00 2.3 2.5 3.15 430.295 | 430.160 | 425.730
7 6.00 2.0 2.5 3.15 443.355 | 448.595 | 435.735
8 3.15 2.0 4.0 3.15 406.410 | 450.690 | 429.230
9 6.00 2.0 2.5 6.00 438.510 | 432.085 | 435.235
10 3.15 2.3 2.5 3.15 431.110 | 432.205 | 422.395
11 6.00 2.0 4.0 6.00 411.985 | 430.915 | 430.035
12 3.15 2.0 2.5 6.00 441.065 | 433.415 | 435.965
13 3.15 2.3 4.0 3.15 403.620 | 430.530 | 424.685
14 3.15 2.0 2.5 3.15 449.535 | 456.280 | 441.630
15 6.00 2.3 4.0 6.00 406.110 | 418.645 | 422.125
16 6 2.3 2.5 6 423.425 432.33 423.54
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Factorial Fit: A versus Bracket Side, Chassis Profile, ...

Estimated Effects and Coefficients for A (coded units)

Term Effect Coef SE Coef
Constant 424.68 1.599
Bracket Side 7.05 3.52 1.599

Bracket Side*Chassis Profile -0.53 -0.26 1.599
Bracket Side*Support Center -6.67 -3.34 1.599
Chassis Profile *Seat Anchorage 4.84 2.42 1.599
Chassis Profile *Support Center 0.59 0.29 1.599
Seat Anchorage *Support Center -3.69 -1.84 1.599
S = 6.39721 PRESS = 2095.33

R-Sg = 94.70% R-Sqg(pred) = 45.69% R-Sg(adj) = 84.09%

Analysis of Variance for A (coded units)

Source DF Seq SS Adj SS
Main Effects 4 2893.79 2893.79
Bracket Side 1 198.67 198.67
Chassis Profile 1 421.48 421.48
Seat Anchorage 1 1896.60 1896.60
Support Center " 377.04 377.04
2-Way Interactions 6 759.78 759.78
Bracket Side*Chassis Profile 1 1.10 1.10
Bracket Side*Seat Anchorage 1 430.98 430.98
Bracket Side*Support Center 1 178.16 178.16
Chassis Profile *Seat Anchorage 1 93.80 93.80
Chassis Profile *Support Center 1 1.39 1.39
Seat Anchorage *Support Center 1 54.35 54.35
Residual Error 5 204.62 204.62
Total 15 3858.19
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Main Effects Plot for A
Data Means
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Factorial Fit: B versus Bracket Side, Chassis Profile, ...

Estimated Effects and Coefficients for B (coded units)

Term Effect
Constant

Bracket Side -0.500
Seat Anchorage -3.250
Bracket Side*Chassis Profile 2.826
Bracket Side*Seat Anchorage -0.621
Bracket Side*Support Center 2.706
Chassis Profile *Seat Anchorage -0.864
Seat Anchorage *Support Center -1.276
S = 3.54264 PRESS = 642.575

R-Sg = 96.63% R-Sqg(pred) = 65.46% R-Sqg(adj) =

Analysis of Variance for B (coded units)

Source DF
Main Effects 4 1
Bracket Side 1
Chassis Profile 4
Seat Anchorage 1
Support Center 1

2-Way Interactions 6
Bracket Side*Chassis Profile 1
Bracket Side*Seat Anchorage 1
Bracket Side*Support Center 1
Chassis Profile *Seat Anchorage 1
Chassis Profile *Support Center 1
Seat Anchorage *Support Center 1

Residual Error 5

5

Total 1 1

Coef SE Coef T
434.107 0.8857 490.15
-0.250 0.8857 -0.28
-1.625 0.8857 -1.83
1.413 0.8857 1.60
-0.311 0.8857 -0.35
1.353 0.8857 1.53
-0.432 0.8857 -0.49
-0.638 0.8857 -0.72
89.88%
Seq SS Adj SS Adj MS
616.16 1616.16 404.040
1.00 1.00 1.000
851.18 851.18 851.181
42.25 42.25 42.250
721.73 721.73 721.728
181.54 181.54 30.257
31.95 31.95 31.951
1.54 1.54 1.544
29.30 29.30 29.295
2.98 2.98 2.984
109.25 109.25 109.255
6.52 6.52 6.515
62.75 62.75 12.550
860.45

P
0.000
0.789

0.126

0.171
0.740
0.187
0.646

0.503

.19
.08
.82
.37
.51
.41
.55
.12
.33
.24
71
.52
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Main Effects Plot for B

Data Means
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Estimated Effects and Coefficients for C
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R-Sg = 94.67% R-Sqg(pred) =

Analysis of Variance for D
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466.560 466.560 466.560 68.78
36.451 36.451 36.451 5.37
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¥aiq idnnded 1 112 WASTFULNATOY ASTM ES
finaaeou wadus UTM (Lloyd LS100)
Fuam imdnndes 111 Part Number: 01/3174
Suidl 26-131.8.-57 1ATeanado Serial Number: 108797
1ImM 18.50 W Load cell: Serial No. I00KN0042
Qi 25.2 DIA UV TY A Load Cell Capacity: 100 kN
AN maeu 0.75 H/U0 Extensometer: 810 Epsilon
ANUUZMINAAOY | NATBLITIAY ginsaiinszesda  [Model: 3542-050M-050-ST
VNI U ASTM ES8, ASTM EI111 Gage Length: 50.00 mm

paENDAMINavasTag pamanadeunde | danuflsauinasgiu

MANUMAUATIA (Mpa) 407 53
MANMAUFIYA (Mpa) 4147 46
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wegaTANNEANYY (Gpa) 197.41 4208
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MANUAUATIN (Mpa) 384.509 38.61
MANMAUFIFA (Mpa) 44725 2748
lesidumssad (%) 46221 137
vogaaANuBANYY (Gpa) 185.05 5383
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Tuh 27-W.0.-57 1AT0INATRL Serial Number: 108797
1M 20.09 U Load cell: Serial No. 100KN0042
GLIEY 23.9 peruraLdod Load Cell Capacity: 100 kN
3 = a 9 .
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MANUAUATIN (Mpa) 457.8 2591
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J 3 A o
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Abstract

The safety belt consists of a seat belt (belt with a buckle), inertia reel, locking retractors, and seat belt
anchorage attached to the passenger vehicles structure. Seat belts are designed to reduce the risk of injuries to
the passengers when the accident occurred. The seat belt anchorage is functioned to secure the safety belt
attached to the passenger seat must be strong and do not damage that will result in passenger injury or death.
The UN ECE Regulation 14 has defined the test methods and test conditions of on the seat belt anchorage. To
design the structure and design of positioning the seat belt anchor strength without causing damage to the
passenger seat and seat belt anchors. The testing of the seat belt anchor in the passenger seat is a according to
the UN ECE Regulation 14. The research was to analysis the strength of the seat structure to conform to the
requirements of the UN ECE Regulation 14 by using Finite Element Method. The analysis shows that the seat
belt anchors were slightly were slightly damaged (just above allowance stress) seat belts do not slipped out of
the passenger seat structure. But the passenger seats were damaged and tear, due to the maximum bending
moment at the connection joint. These results was used to predicted the passenger seat structure accordance
with the UN ECE Regulation 14 in order to understand the behavior and the damage of the seat belt anchor and
the passenger seat structure. These information will be used to improve the passenger seat structure that

conform to the test criteria UN ECE Regulation 14.

Keywords: seat belt anchorage, passenger seat structure, Finite Element Method
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