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Abstract

Nowadays, an automotive industry steadily has been growing and playing a major role on
economy development for many years. The crash box is one of the most important parts for safety
but it was found that the crash boxes manufactured domestically are not met international
standard requirements. This is due to process and material limitation. This process for automotive
safety test requires high budget and there is unclear approach for specific test. Therefore, a study
of crash boxes referred to energy absorption project was conducted as an alternative choice of
testing.

Regarding to the problems as addressed above, this project was aimed to design and test
crash boxes which come in various structures; simple type, corrugated type and honeycomb type
of crash box. In addition, it was also emphasized in studying energy absorption behavior and
physical deformation of crash boxes after dynamic and static energy being applied. Numeric
simulation and static test methodology of front collision were applied for these tests in reference
to USA NCAP standard for automobile collision test.

Testing all types of crash boxes indicated that the corrugated type was able to absorb
energy at 2.8% and 5.9% higher than honeycomb type and rectangular type, respectively. This is
capable to pickup stress and strain continually and effecting to more energy absorb than another
type. Additionally, this corrugated structure is feasible and suitable for crash box design in

automotive manufacturing.
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1.3b° - 8b> +21.3b-21.3

36x6.895 N/mm>  (31AA15197 P-1)

7 (19915199 2.1)
184 x10° N * mm (1NMITMUIN)
= (GIVGIERI 0]
2,600b

1.3b° - 8b% +21.3b-21.3

1.3b” - 8b” +21.3b-2,600b-21.3b

1.3b - 8b”-2,578.7b-21.3

47.7 mm



22

v
[ =

o o < v ] { o [ g
nnmsmuIaansaenl¥iaqumannassmuaouIaTa1nM1519N -3 Aall

h-=b

-| «t=2mm

A
A 4

s

¥

3.7 Nunningavelassadng

=h-

i

3.2.3 msadnganadon Inseadanuusanszunn
o ~ ) Y] A o A Pl
MNMIeoNUUUAIFUR 3.3 nagmsmuavmaiagamisadendagie 141y
k) A =< 4 o A v 1 Y Y o
MIAIYANATEVINATIT 0-3 D3 n-4 MNUNTFelsznevdIuA1e Wiy Tae
mssoudreatadon i taziimsmdmedesnuaiiunaniouds ldyanaaov Inseads

o QU d‘
ﬂuuidﬂimmnmgﬂw 3.8




23

3.3 MI0NUUUNAZMIA31IATITS 1N UITINTZUND
= Y A @ 9 [ P 9 1 o 1
nnMsAne ey amedIny Inssasenuusanszunnvesasuan 1segluilagiiunsiun
9 1Y o ] 1 gl.; = Y d' 9 [ 1 d'
TassadnuusnszunnvessnouauaazsuuuliansuznInassadeindrenu aaui

'
v =

1 = 9 o Y g’/ g’/ o gd =\ A A

uanaNAUARIaRN 19 Az AN UIVETATIAT 1 AU TATINUIINILIAAN 9L
v« ya y A4 e 4 d s

ponuUD AT enuusInszunn Intgnsaves lnseaianuana ey iiioNazsAnyINIIga
FunaesuvedInseadauaazgiuoy Taeiruannuenmazanuruves Inssadauaaz
sunuu Iy

3.3.1 Myvenuuy IATIa3 19U INTZIND

4
TumsshTassauiineanzgiarilnssauldiden 9 lUsunsy Solid Workd s
9 @ 9 A Y 1 o A o Y

m3yeonuuyTasIad unuusInszunnAunuie liheaensiaeusednay uaz Idwaedyll

yoamsoenuuy Iaseainuusanszunnd msuldlunmsnaaenaagili 3.9 uaz 3.10

i H Y
() HUVNABITIVABY (¥) tuunaeIgnyn (A) LUUNADITIH

1 H Y
() BUUNABITM ALY () Ly UNARIYNYN (M) HUVNEADITIA

' %
51N 3.10 LL']J']Jﬁﬁﬁi’)\i‘]ﬂlﬁﬂﬁ?ﬂiﬂﬂﬂﬁ@ﬂlmﬂﬂﬁﬂigllﬂﬂﬁ)"lu‘l’iﬁ}"l

Y



24

332 MIadeIasaasanuIInIzUnn

Lﬁ‘ 9 ti' 9 3 o A 1% o 1Y o 9 [ [ tﬂ'
!.llf]hlﬂl!‘]J“U‘Vlﬁf]\‘]ﬂ’l'iﬂﬂ'lﬂ'l'ilaf]ﬂ')ﬁﬂﬁ"l'ﬁ'ﬁ‘lJVI'IIﬂ'ﬁQﬁiTQﬂuLLﬁQﬂﬁ%Llﬂﬂ%Tﬂ?ﬁﬂﬂ

'
[ [

Lil 9 = A 3 A Y 2 o 9
aunsamdoe ldmeludszma Fsnuauidamanilndifosnuigan 14 lugaaimnssueu

q

s & A ' s a9 Yy Aa A o = = Y
ﬂuﬂuuﬂauwumaﬂiﬂiauﬂszmﬂawmuazmaauumuwm 1.2 mm UF1YAIDYAVDIITA

(%

o A tdyd 1 o Y @ A o 3 Ax Aa 9
ANHNITINN N-5 'JET?;]HL“VIﬁl“]JWHﬂ“UI‘ﬂix‘lﬁ‘ﬂ\‘lﬂuuix‘lﬂ‘i&!ﬂﬂﬂﬁgLﬂﬂﬂﬂ?ﬂﬂ!ﬂﬁﬂ“ﬂuﬂﬁwaﬁﬁl%
pd1utlagiiu uazarnsahwiinisnageuninNuasa lumsgagundsnulunis
v v ¢ a3 o o A
ﬂigllﬂﬂnlﬂG]TN?@]Qﬂigﬁ\?‘ﬂﬂl@\ﬂﬂiﬂﬂu mm@uiumimmu
@ @ ,&‘ ] 3
1) mmmmzamugﬂuwumaﬂ
A Y g A o 9 @ 2 o o o 1
LﬂJ@"lWlJH"Iﬂsllﬂ\iL‘Viﬁﬂ‘VH]$‘VI”Iiﬂixiﬁi”lﬂﬂulliﬂﬂiglwm WNMNTIAALUASDALNY

3 9 A [ A A Y a 9 A o A
L‘Viﬁﬂﬂ')ﬂlﬂii’)ﬂﬂmmﬂﬂ@IﬂﬂlW@iﬁlﬂﬂgﬂ“ﬂﬁﬂﬂl@ﬁTﬂ30ﬁ510@1ﬂﬂ@6ﬂllﬂﬂﬂ\‘lgﬂ‘ﬂ 3.11

(n) HUUNADITIH ALY (v) Llﬂﬂﬂﬁﬁ)ﬁgﬂﬂ“ﬂ (ﬂ) uumammm

Y
dl v X

v Y
sUN 3.12 uwumaﬂﬂmmimw 513 3 9)uny



25

2) MU IATIAT1IAUITINTLUNA

o o ] < alqy 1 9 Y 1 o A
FINNITIAALASDALUN ULV AN Gﬂgllﬂﬂfuﬁ’)u“ll@\ﬂﬂ3\1’615']\‘1@114@1\‘1‘] ﬂ\?qﬁj"ﬂ‘l/l 3.12

g A ' ' Yy ¥ o A ' P v Y v o A
%']ﬂuuvnﬂ'lilclff)uﬁju@'mc]lGU']ﬂjflﬂuua3!G]fﬂil!lwu1]53ﬂUﬂ']u‘ﬁu']llaZQ']ucﬁa\jﬂ\‘]iﬂﬂ 3.13

U

Lﬁ@ﬁlsﬁ,uﬂﬁﬂﬂﬁfl’U!L’]J‘]JﬁaﬁLLﬁZfﬂi“Vlﬂﬁflﬂ!mﬂﬂﬁﬂi%!mﬂﬁ}'luﬁﬁ'l

Y

() (V) (f) () W (@

M v
511 3.14 FunuTaseadesuusanszunndmsuldnaaou

L'

] $ H ] 1 v 3
(N) BUVNABIAHABY (V) HUUNABIGNYN 1A (A) HDVNADITIA



26

3.4 P1591209UFIAaY (Simulation)
d‘ ° Y o 1 9 Y o o Y
weihinyesnuuulassaienuusinszunnuaaz nsds dewiinissiaselaseding
A 9 o P ' Y o o ~Aq v A '
o Tumsguaives Insedd e Naeandosnunasnuildlunmsnadounso lu Tae
mmssaedlaenslausansenn lannmaaiuia Il laauniiauea Iassadanuns
° Yy 9 2 g o Y o A ) o
nszunnuazivualienduniiailugasesiundnhmslszuanamenuun Tumsguaa
9 g}/ =\ g’/ o [ dy
Y03 1A39a51913 3 JUuDy iuneuMITIa0IAIl
A o
1) M3dengUuuumItias
A ] o < Y} ¥ A °
Wo00nuUU IATITI 1IN UUTINTZUNAATINAD 19120 THUANITIIADIUUY

o o 3 . 1% {
Simulation tiagMuuANIIa8UTIY Static #3107 3.15

o ey ol G- 8 Tt pregect ho, 0. SO =

Simulation

Static

A

*Izzmatrie

519 3.15 M3aen THMuANT 1204

L'

2) MIMAUAAUTNTAUDITAQ

A o Y Y A 0 waq Yo £ A Yy A
!‘L!f]\'lFt]'lﬂﬂ'l‘ii]'lﬁ'ﬁ]\‘liﬂ‘i\‘lﬁ‘i'l\?ﬁ@\nlﬂ'liﬂ'lWUﬂf;lmﬁiJ‘Uﬁblﬂﬂ‘UG]fu\ﬂu LW’E]GI,W%”L!\TI‘L!‘V]

9
[ Y

gniraeslinsn)deundainielnseadnldlndifeenuiaguesass auiudedimua Jag 14l

o o

AuauAaIgLN 3.16



[ an Y v o
3) My lausansenlinuuuudiasa

1ANITA

Material L R —— - -
=15 solidworks Materials | | Properties | Tables & Curves | Appearance | crossHateh [ custem | Appiication Data [ =+ [
5] steel
-§= 1023 Carbon Steel Sheet (55)
= 201 Annealed Stainless Steel (55)
Errensenemseats 4| AISI 1010 Steel hot rolled bar
=
-3= AISI 1015 Steel, Cold Drawn (55} SC-Tm e 2 (Pa] i
3= At 1020 steel
8= AIST 1020 Steel, Cold Rolled A
-3= AISI 1035 Steel (s5) T AISI1010 Steel, hot rolled bar
8= AIST 1045 Steel, cold drawn
= Max von Mises Stress
-3= ars1 304
-85 AISI 316 Amnealed Stainless Sted Bar (S5
3= AISI 316 Stainless Steel Sheet (55)
-§= AISI 321 Amnealed Stainless Sted (S5)
§E AISI 347 Annealed Stainless Sted (55)
8= AISI 4130 Steel, annealed at 865C L ale unts
.= AISI 4130 Steel, normalized at 870C Elagiconuls 2e0T1 W2
S b FoBsons Ratio 0.29 NIA
45 AT 4340 Steel, annesied Shear Modulus, Be010 iz
3= AISI 4340 Steel, normalized Dersity 7870 kg/m'3
§E AISI Type 316L stainless steel Tensile Strength 325000000 Mim"2
3= AISI Type A2 Tool Steel Compressive Strength in X Nim"2
3= Alloy Steel Yield Strength Mim2
3= Aloy Steel (55) Thermal on Cosficient | 1.22¢-005 /K
3= asTM Az see Temowscity  [s15  wini)
3= Cast Aloy Steel M:;nai Damping Ratio NtAg
8= Cast Carbon Steel
3= Cast Carbon Steel (SN}
l---_

51 3.16 M muagaauia ldnunnuias

Y

27

v
1o ldusansen 7,357.5 N dmsudiasa Inseadeanuusanszunn aaiuly

o Y =K o Y o w 9 Y a2 9 o < v W
ﬂ'liﬂ']a'ﬂ\jjﬂﬁ\iﬁi']\i%\?ﬂ'lﬁuﬂ!li\jﬁlﬁﬂigﬂ']ﬂﬂiﬂi\‘iﬁi'l\j 191U E]ﬂﬂ'luﬂ'lﬁuﬂlﬂuﬂﬂiﬂ\iiUﬂ\?

=h.

Jin 317

Ms-nnmm;w ESt jew | Ineert o Tuos | Smsamn Windew Hee W) bt - =) B Test projest o 0 SLEPRT

s Eoenagibaa | g | ORpEPORIS | smosson T e ENE Y '

[ Test project No.D ettt

— R F=7357.5N

*lgometrc
I

517 3.17 msldusalfase ldnunousiaes



28

v KX 9
5) Mydszuranatazmaiuiindeya
A o T S A 9 <A o Y o o o
werhimstouniaiee wiiseuesnizuilszuianaunniiaeedremds Run tagih
mstiufindoya 11ds Report 1o 14 lunmsaginanmssrassasgli 3.18 uaz 3.19
—
I@llii'ﬂ'ullw.f. Lt Vew Inesrt Took Smussen Window e @[] bl - 5 - &I. hel - Test prapect No.0.RDMT *
:&. " Lres -:nle"ar.y :oﬂ"i‘.‘:\r; 5 «9; . B g :
s [, e v sams ST SREER T
Feauns | Shwich [ Ecauzte | Oimixpart | Ofice Frocucs | simutation | B O S D PR O
S [FIR15] ] s reag
T Mty Sk o a 4
T Test peoject Hed |Dr|au||\\nrh.: La a l:l] u ﬂ

L By 6 (- Default-)
I Tesm project o0
1< .

& Force:1 (Pes fem: TISLY )
st

L Arusn

R sl (vembises)

B il (Sgnalenn )

19 MIYUAIVBIVVTIA0Y

5Uh 3

'



29
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HUUNEDIT I 2.25 148,707,143 1,092

43

{ < J @
1NA15 19N 4.4 Llﬂﬂ\?&lﬁll‘ﬁu'J"INﬂﬂ'lﬁ‘V]ﬂﬁ'f)llTﬂi\?ﬁ%ﬁ\?ﬂulliﬂﬂiglnﬂﬂ@%}ullﬂﬂfg]}?ﬂﬂ'ﬁ

=

L)

(%

nageunuudnn lagldnuaniaiaqfedny amisol

@ I o & [l @
dvenunsanfouiiouiuanuansamsgadundsnonitelsuas lasagii 4.5

Y

PFeNeUTEAVANUUANAIIVD
v Y
wasnui Inseadenuusanszunnuaazgluuuaisogadula auiuanuuana1ani

@ < Y o o {1 1 o v <
ﬂ"lElﬂ"I‘W"UﬂQTﬂi\iﬁ%}"ﬁﬂulliQﬂiS’JLE‘VIﬂ%\?Lﬂuﬂi]i]fJZ‘T"If"IE}Jl‘ﬁﬁ\‘lWaﬁ@ﬂiﬁﬂﬂ‘ﬂfﬂWﬁﬂﬂWﬂuﬂﬂiﬂﬂﬁ

25
20
E
—
=
- 15
&
=
que
@
= 10
>
’C
=
5
0
¢@c$§ %S ), 2%}5
NS Q <
2 B .
5r(f,s N @65
v & Q
D \},’b )

311 4.5 MIgadunanuaenigSINasnnMInadeuLLUADA

Y



44

4.3 Waﬂ151’19\ﬂﬂU!!UUﬂ15ﬂi$!!1’lﬂéﬁHﬁﬂ1 (Dynamic tests)
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TAFIETNNUIT " yuENQNAN .
VYBIQNAY MmmMInaey
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1 [ d%’
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1 (mm) (%) B(°) E, (J) NAINIU(%)
HUUNABITH ALY 60 30 10.5 6,318 53.5
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HUUNEDITIA 70 35 9.7 6,683 56.6
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q

Structural ASTM-A36
Property Value Units
Untimate Strenght, Tension 3.99x10™ N/m’
Yield Strenght, Tension 2.48x10™ N/m’
Yield Strenght,Shear 1.45x10™ N/m’

4' wa o @ A A Y o 9 v
139N N-2 ﬂﬂlﬁN‘U@W]']VlfiJﬂlf]ﬂ’]ﬁﬂﬂlﬁ@ﬂﬁlcﬁﬂWIﬂiQﬁiNﬂullix‘]ﬂiml‘ﬂﬂ

q

AISI 1010 Steel hot rolled bar
Property Value Units
Elastic Modulus 2x10" N/m’
Poissons Ratio 0.29 N/A
Shear Modulus 8x10" N/m’
Density 7,870 kg/m3
Tensile Strength 325,000,000 N/m’
Yield Strenght 180,000,000 N/m’
Thermal Expansion 1.22x10° K
Thermal Conductivity 51.9 W/(m.K)
Spacific Heat 448 Ji(kg.K)
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Geometrical
Modulus of Radi
Side Langth Wall Unit  Cross Moment : M ok |t
Thickness = . Section Gyration g
AxB ©  Ma=s Sciiielf of Ineriia (em?) (cm) (kg./piece)
M. in. Ix Iy Ix Iy iy
PROMOTION

ssxza ?1"‘ 1" 23 247 315 654 654 344 344 144 144 14.83
13x13  1/2x1/2 | [w] 020 0.00 £ - - - - - 120
15x15  5/8x5/8 | [+]| 0.23 o000 £ = - - - - 138
19x19  3/4x3/4 [ [+] 030 o000 - - - - - - 180
25 x 25 1x1 [ [ae) 037 ool - - - - - - 220

1-1f8x1- | . y 1 B
32x32 114 | [=] 048 o000 2.90

1-1/2x1- [ : 5 ; > 1.1
38 x 38 ety [=] 057 o000 3.40

1-5/8x1- [
40 x 40 sfa | =) 143 183 48 45 226 2% 157 L5 830
50 x 50 2x2 | [« 210 267 1039 1039 416 416 157 157 12.58

23[8x2 |
60 x 60 - | [=] 288 367 06+ 084 688 688 297 257 17.29

2-5/8x2- |
65 x 65 |l [=] 213 33 mxn ww 837 83 25 25 1878

2-3f4%2- | ;
70 x 70 aja | [=] 338 431 330 3\ 9s 9m 27 27 2031
75%75 3x3 | [«] 364 48 4123 423 1059 1095 298 258 21.82
80 x 80 3'1";:,‘ X3 [ [o] 435 s o s 400 1400 348 348 26.13

3-5/8x3-
90 x 90 e [«] 492 627 =060 8060 1751 1791 359 359 29.52

100 x 100 axa [«] 5.48 69 11149 11149 2230 2230 399 399 32.91
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‘HadausET

Standard Sectional Dimension

Nominal Size Weight (mm.) Lenght Weight
(mm.) (kg./m.) (m.)  (ko./piece)
H B ty ty r
100x100 17.20 100 100 6,00 .00 10,00 [ El 103.20
125x125 23.80 125 125 6,50 5.00 10.00 [ El 142.80 |
1502150 31.50 150 150 7.00 10,00 11.00 [ El 189.00
175x 175 40.20 175 175 7.50 11.00 12,00 [ El 241.20
200 x 200 49.90 200 200 8.00 12,00 13.00 6 El 299.40
250 x 250 7240 250 250 9.00 14.00 15.00 I'L [ El 434.40
300 x300 94.00 300 300 10.00 15.00 13.00 | 5 El 564.00
350 x 350 137.00 350 350 12.00 19.00 20,00 5 El B22.00
400 x 400 17200 400 400 13.00 2100 22,00 @_le 1,032.00
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. Approx.
Product No. Thickness Width -

(o) {mm.) {h_gg )

Hot-rolled steel for structural uses 55300 1.2-80 75b- 1,550 15-31
Hot-rolled steel for structural uses 55330 1.2-80 750- 1550 15-31
Hot-rolled steel for structural uses 55400 1.2-80 750- 1550 15-31
Hot-rolled steel for general uses HR1 1.2-80 750-1550 15-31

Hot-rolled steel for general uses SPHC 1.2-80 750-1550 15-31

Hot-rolled steel for general uses SPHD LZ2-80 750-1550 15-31

Hot-rolled steel for pipe and tube products SPHT-1 1.2-80 750-1550 15-31
Hot-rolled steel for pipe and tube products SPHT-2 1.2-80 750-1550 15-31
Hot-rolled steel for automotive structural uses SAPH40D 1.2-80 750-1,580 15-31

mianurwiuEasau UssianawMuaniAdominiu
. Approx.
Product No. Thickness Width .
() {mm.) {h_gg )
Hot-rolled steel pickled & oiled —~ 120 - .50 600 - 1,650 15- 31
msanuEmhusaLEy

1 Approx.

Product Mo, TI';:lc:lut;E ﬂ Wesi I}l

[ — —
Cold reduced carbon steel for commercial and drawing ori 0.45- 3.2 750- 1,550 15 - 31

qualities
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