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ABSTRACT

A study on the crashworthiness capacity

of vehicle side member

Park Jun Woo

Advisor : Prof. Yan-Young, Ph. D.
Dept. of Mechanicaedign Engineering
Graduate School ofo€im University

In modern society, drivers and engineers take ulyefinto account the safety
capacity as well as the main function of the vedscthat is to transport passengers or
goods as they purchase and produce them. The tomtuss-section is the most
commonly used side member in vehicles. In order help automakers design the
optimum devices and develop the production teclgieto for such structures, it is very
important to look into their collapse propertiesdahistories. In this study, the valid
physical meanings such as absorbed energy and masshing load of specimens
containing spot-welds are experimentally studietatiS and dynamic normal crushing
tests have been respectively conducted on the ialatewhich have different
configurations; top-triangle, double-triangle, amibuble-hat thin-walled sections. Same
tests have been also carried out on different esessonal area ratios in TH. Each of

the post-test results including load-displacementves is compared and the superior



energy absorption capacity is determined.

Objects including vehicles, aircrafts, and shigmnsist of a number of components
and they perform their own roles in each part. &ligh a car is one of the preferred
means of transportation, with the increment of eacidents pessengers’ interest in
safety gets increasing day after day. As a resulthat, skilled engineers are trying to
advance the existing items and develop the newciefi materials.

In order to conduct static and dynamic axial khg tests on four kinds of
specimens(top-triangle-hat, top-hat, double-triadgt, and double-hat) which were
manufactured by welding the top and bottom parteréhare six spot-welds per sample,
the diameter is 6mm and distance between spot-wisld2mm.

The static tests were carried out on the UniVemssting Machine at a continuous
speed of 10mm/min and test specimens were cruslyedohtrolling the displacement
up to 70mm out of total length at ambient tempegatu

To acquire important results of impact tests, tbmsshead of 40kg has been
vertically shot into a substance on the load cellaaspeed of 7.19m/s repeatedly. The
computer controlled optical displacement transduddlOF, ZIMMER, supplied the
amount of axial deformation and impact load wasasneed using strain gauges
attached to the load cell.

Energy absorption of the specimens on both statid dynamic tests could be
computed by obtaining the area of load-deformatmmves. It also means that the
energy absorption is equal to the mean crush loatkst the total deformation. In
experiments on the impact axial crushing, we asduti@at materials on the load cell
entirely absorbE,(Impact energy) that is a theoretical value. Howevest-test results
were approximately 4% less than expectation .It ny thought that friction taking

place between the cross head and vertical axisivdepspecimens of the energy.



The DH has the highest amount of energy absorptip static tests and absorbs the
similar energy in spite of less deformation thameo$ in impact tests. That is to say, it
means that DH members have the highest strengthn@nbested ones. However, they did
not show the regular progressive collapse mode saghTH which is widely used for
frontal-crash protection of vehicles. DH structuredll be very helpful for side member
providing that they have stable lobes and make #&ecteve deformation configuration

barring deteriorating strength.

— VI -
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Table 1. Prospect of materials for vehicles’ components

2002 2007
7
4| zgay | gwny || 2 | zgay | awnE | g
Door 85 5 3 7 80 10 8 2
Front
84 10 3 3 75 75 15 5
Door
Hood 86 5 10 - 70 10 14 6
Rear
90 3 6 1 75 10 10 5
Deck
Rear
Quarter 90 2 2 6 75 5 5 5
Panel
Roof 95 1 1 2 90 4 5 1
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Nc: 4 S 6 12 96

Initial wall thickness: 1.0 mm

Nc: 4 12 96 Nc: 12
Initial wall thickness: 2.0 mm Initial wall thickness: 3.0 mm

96

Fig. 1 Examples of collapse patterns for various cylindrical structures
at height reduction of 50%.
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Fig. 2 Thin—-walled grooved tube. Fig. 3 Crush pattern of axial
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impact on foam—filled tube.



Fig. 4 Spot-w eld peel test. Fig. 5 Bonded specimens

after tests.
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Table 2 Classification and Characteristic of CR
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Table 3 Usage and necessary property of CR

~ an)
M_m — — N m w T mﬁ —~ I T ~o
n & By By B ) o N S e
- ! DROBROES) = pRNan IR !
N 9 o 8 =
—
_,__l, B ]&oﬂ;ﬁlww wmy ]z.#og.u el ﬂ,ﬂyﬂ Hmnﬂnﬂ%ywnrﬂ%
oo - N o = S ~ - ) o
wlzfis XRvwgSEgaz Xowi R ORIg BELLvrg
fe} ; R ‘ ; —
# == Erg S¥8BE Rk ¥ Ry Ermeiv®
Fo B R Rt £ 8T xﬁ%m ok %mmﬁr T =gy B o wo
ot =T ° ~ NI = o
— X
=lu He B S W g
X L.O Or.c \I_/r . o ) L.O Ord
| W | B0 Sge ) R oy U N
ap | MR R R ARy e N Y X0 oy
R -2 T RO N o
|l O | .= 0% o Mg T
n o o oy R e B =
=] ST R B o ST L R K o
i - S R - & o 4
= o X ~
&3] o s bo O o o
N i G I
e Hpms 300 A © b Ho
N o . 0 Mo — . -
7o %o o o 5 X0 B S - =
o A o - = o oy XA To ) To N
Er| - o o T ﬁo \a x EO il xX \‘U‘lm o N
:.E e J— X0 —_ Qﬂo —_— o ~ s X
_/__l N X E—H S -~ Jl ~ X -~ Jl N - mo ﬂmD
&0 ~o %° _E To ,wﬂ Exﬁ &O o B
OL E‘* Z.#O X o K On* o \mq X \mﬂ 17_.0 OL - mu ﬁE
e Mo B0 ) - o
|2 e b = A w B
A N 1+ B N )
= oo B Mo Mo __ o do
i Mo T N N W‘_ B0 Mo Ho
do = - To —~ oo
~ M Hr T — ~ my
Ll o el S Hp N T e el
Wl ® o N
o R Ho do R Ho do




A 2 A AL

o}
H

o

gy AbEH A e SCP1 WitgAd#Ss ol &8,

, Double-Triangle-Hat(DTH)

Z] ™

i

AA AWE Ao EX A =

Top-Triangle-Hat(TTH) ©@¥, Top-Hat(TH)

2 AgAstel ARSI BE A

AR =l

@ Double-Hat(DH) ©@d &

& T/ 1mm, ZWA Zo] 12m, BLH AE 6m, &H 48L&

dolel 22mz o, APA A E LMol Brhsar] Wi Ay
Y ZHE bm Bol AR HEHE Ao, §HEro] A FdH o] ¥
L5 stk w3 AP Aol edYFES dovA dar AdA AV
ogl A=Y T 2ol 120m=E SR e, RE AdHELS 7Y od
42 27 ARGk 53, A AolsiAe] wuYFoR wol ol g5 Y=
THE ol dalA< Haa a9 “n7"iaAe] FARMsd b oy F5 =
e JFe Dol 7] f8te] FrpHor 27149 e AFAS A
Table 45 7] 1m¢l SCPl WA we] 9429 Fo AxE wojFoh”

Table 4 Mechanical properties of SCPI in uniaxial direction

Yield Tensile Young's )

strength strength modulus POISS?H,S Elongation

[MPa] [MPa] [GPal ratio

173.6 303.4 203 0.31 45.3
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Fig. 7 Four types of specimens including flanges.
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Table 5 Dimensions of test specimens having different cross—sectional

configuration
Specimen Zlmm] almn] Hlmm] Amm] Amm] Almr] mlgl
TTH 120 40 40 12 1 168 155.69
TH?2 120 30 30 12 1 168 153.67
DTH 120 30 30 12 1 168 153.99
DH 120 30 30 12 1 168 149.81
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Fig. 8 Three types of TH specimens
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Table 6 Dimensions of TH specimens

Specimen | Zlmm] | omm] | Almm] | Amn] Zlmm] Amm] | Almr] gl

TH1 120 30 30 12 0.8 14 166.8 152.3
TH2 120 30 30 12 1 1 168 153.67
TH3 120 30 30 12 1.2 0.6 169.2 155.72
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Photo. 1 Equipment for static tests (Universal Testing Machine).
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Fig. 9 Load-Deformation history for TTH

(Thickness of 1mm, Top-Triangle-Hat section, Static).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 2 Crush pattern after axial static test on TTH specimen.
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Photo. 3 Views of the progressive collapse of TTH specimen.



Fig. 10 Load-Deformation history for THZ

(Thickness of Imm, Top-Hat section, Static).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 4 Crush pattern after axial static test on TH? specimen.
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Photo. 5 Views of the progressive collapse of THZ specimen.



Fig. 11 Load-Deformation history for DTH

(Thickness of 1mm, Double-Triangle-Hat section, Static).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 6 Crush pattern after axial static test on DTH specimen.
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Photo. 7 Views of the progressive collapse of DTH specimen.



Fig. 12 Load-Deformation history for DH

(Thickness of Imm, Double-Hat section, Static).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 8 Crush pattern after axial static test on DH specimen.
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Photo. 9 Views of the progressive collapse of DH specimen.
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Fig. 13 Load-Deformation history for THI

(Ratio of cross sectional area of 1.21, Top-Hat section, Static).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 10 Crush pattern after axial static test on THI specimen.
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Photo. 11 Views of the progressive collapse of THI specimen.



Fig. 14 Load-Deformation history for THZ

(Ratio of cross sectional area of 2.11, Top-Hat section, Static).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 12 Crush pattern after axial static test on TH? specimen.
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Photo. 13 Views of the progressive collapse of THZ specimen.



Fig. 15 Load-Deformation history for TH3

(Ratio of cross sectional area of 4.22, Top-Hat section, Static).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 14 Crush pattern after axial static test on TH3 specimen.
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Photo. 15 Views of the progressive collapse of TH3 specimen.
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Fig. 16 Impact test setup.



IDisplacement Load /elocity
ysiem ySIEM SysLem
Optical displacement Load cell Laser velocity
transducer (strain gages) transducer
|
Bridge circuits
Dynamic strain amplifier
|
Transient digital analyzer
|
Data acquisition
|
Personal computer
Displacement =  Impact load = Velocity

Fig. 17 Mechanism of impact test for optimization.
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Fig. 18 Sample of special 4-gage method.

Table 7 Specification of strain gage used for impact test

KFG-5-120-C1-11L1M2R

Type

Gage length 5 mn
Gage resistance 1204 £+ 04 Q
Gage factor 211 £ 1.0%
Adoptable thermal expansion 11.7 PPM/TC
Transverse sensitivity 0.40 %
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Fig. 19 Load-Deformation history for TTH

(Thickness of 1mm, Top-Triangle-Hat section, Impact).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 16 Crush pattern after axial impact test on TTH specimen.



Fig. 20 Load-Deformation history for THZ

(Thickness of Imm, Top—-Hat section, Impact).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 17 Crush pattern after axial impact test on TH? specimen.



Fig. 21 Load-Deformation history for DTH

(Thickness of Imm, Double-Triangle-Hat section, Impact).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 18 Crush pattern after axial impact test on DTH specimen.



Fig. 22 Load-Deformation history for DH

(Thickness of 1mm, Double-Hat section, Impact).

(a) Left-hand (b) Front (c) Right-hand (d) Back

Photo. 19 Crush pattern after axial impact test on DH specimen.
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Fig. 23 Load-Deformation history for THI1

(Ratio of cross sectional area of 1.21, Top-Hat section, Impact).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 20 Crush pattern after impact static test on THI specimen.



Fig. 24 Load-Deformation history for THZ

(Ratio of cross sectional area of 2.11, Top-Hat section, Impact).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 21 Crush pattern after impact static test on THZ2 specimen.



Fig. 25 Load-Deformation history for TH3

(Ratio of cross sectional area of 4.22, Top—-Hat section, Impact).

(a) Left-hand (b) Front (¢) Right-hand (d) Back

Photo. 22 Crush pattern after impact static test on TH3 specimen.
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Table 8 Static crushing test results for specimens having different

cross—sectional configuration

Energy Mean Maximum
Specimen type absorption collapse load collapse load
E. [J] Pn [kN] Puax [KN]
TTH(3) 1044.68 14.92 42.48
TH2(4) 1231.97 17.60 43.46
DTH(6) 1537.70 21.97 55.90
DH(8) 2058.70 29.41 58.55

Fig. 26 Energy absorption characteristics per specimen made of various

shapes.



Table 9 Impact crushing test results for specimens having different

cross—sectional configuration

Total Mean Maximum

) Energy )
Specimen i absorbed collapse collapse Deformation
absorption
type energy load load 5 [mm]
E. [J]

ET [J] Pm [kN] Pmax [kN]
TTH(3) 992.23 1736.40 1451 62.44 68.40
TH2(4) 991.15 2021.94 16.87 58.79 58.80
DTH(6) 988.44 2273.42 18.95 65.51 52.15
DH(8) 990.41 3268.35 27.21 61.12 36.4

Fig. 27 Comparison of absorbed energy with total energy.
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Table 10 Static crushing test results for specimens

cross-sectional ratio

having different

Energy Mean Maximum
Specimen type absorption collapse load collapse load
E. [J] Pn [kN] Prax [KN]
THI1(1.21) 526.45 7.52 26.62
TH2(2.11) 1231.97 17.60 43.46
TH3(4.22) 1856.20 26.52 64.16

Fig. 28 Energy absorption characteristics per TH specimen.



Table 11 Impact crushing test results for specimens having different

cross-sectional ratio

Total Mean Maximum

) Energy .
Specimen ) absorbed collapse collapse | Deformation
absorption
type energy load load 5 [mm]
E. [J]

Er [J] P [kN] Prax [KN]
THI1(1.21) 992.78 1528.88 12.73 74.68 78.00
TH2(2.11) 991.15 2021.94 16.87 58.79 58.80
TH3(4.22) 992.44 3046.80 25.36 68.16 39.13

Fig. 29 Comparison of absorbed energy with total energy.
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