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ABSTRACT

A Study on the Development of Lightweight Impact

Beam Manufacturing and Test Device for Vehicles

Kwon Dae-Ju
Advisor : Prof. Jae-Yeol Kim Ph.D
Department of Advanced Parts and Materials Engineering,

Graduate School of Chosun University

Vehicle collisions are the price that we pay for the convenience that we
have enjoyed since the start of the motorization era, leading many
researchers to apply technology to reducing the number of occupant
deaths and injuries in the event of a collision. However, crash safety
measures developed and applied to date have focused on reducing
passenger injuries in the event of a frontal crash in a passenger car.
Some efforts have been aimed at improving side crash safety, but the
outcomes have been insignificant in comparison with the safety measures
implemented for frontal crashes. As a result, it has been reported that the
death toll from side-impact collisions 1s higher than that from
frontal-impact accidents. To minimize the PELVIS value that is a measure
of the forces leading to driver/passenger pelvic fractures or hip
dislocations in the event of a side impact, energy-absorbing door impact
beams should be optimized so as to minimize the intrusion of the inner
panels. Currently, however, as door impact beams consist of no more than
simple hollow beams, in the event of a side impact, they deform

excessively and, together with the mounting brackets and inner panel,
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directly strike the pelvis and waist of the occupant, subjecting him or her
to excessive injury values. Thus, there is a need for a door impact beam
design that can minimize the injury values experienced by drivers and
passengers in the event of a side impact. At the same time, the weight of
these beams should be reduced so as to keep pace with current
developments in lightweight frames, some of which are already being
mass-produced by overseas automakers. The aim of this study is to
develop lightweight side impact beams that are 30% lighter than existing
types by conducting optimized structure design and analysis and devising
manufacturing methods that use lightweight materials instead of steel for
these door impact beams. To address these issues, we set out to develop
lightweight door impact beams by applying the following procedure:
product design and analysis considering the required structural
performance and available manufacturing methods; production of dedicated
tooling for the assembly of the door impact beams; mold production for
door impact beams and assembly brackets; prototype production of door
impact beams and assembly brackets; and door assembly production. In
addition, the reliability of the new design shall be determined through
actual crash testing of the door impact beams, which requires the design
and production of testing equipment for crash testing.

Given the results of this research, it is hoped that full legal compliance
can be attained even when there is no side airbag fitted, by satisfying the
laws and regulations governing the strength, stiffness, and safety of side
impact beams. It is also aimed that contribute to global environmental and
energy-related problems by improving vehicles’ fuel efficiency through
weight reduction. Successful research results are expected to lead to high
value-added technologies for application to all types of passenger cars and

commercial vehicles.
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Fig. 1-2 Basic side impact bar position
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Table 1-3 ANCAP side impact crash test result

CHOSUMN UNIVERSITY

(*ICollection @ chosun

Head Driver | Driver | Driver | Driver | Driver | Driver
- HIC 51 89 20 73 28 63

- Acceleration (g for 3ms) 22.9 27.2 17.1 27. 4 21.2 23.4
Chest Driver | Driver | Driver | Driver | Driver | Driver
- Compression (mm) 29.5 17.7 15.21 | 18.83 14.3 18.23
- Viscous Criterion (m/s) 0.34 0.15 0.06 0.1 0.04 0.1
Abdomen Driver | Driver | Driver | Driver | Driver | Driver
- Force (kN) 1.3 0.77 0.42 1.34 0. 64 0.6
Pelvis Driver | Driver | Driver | Driver | Driver | Driver
- Force (kN) 1.43 1.76 0.87 2.07 1.75 1.46
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Fig. 1-7 The body structure of the 2010 Porshe Panamera

uses lightweight aluminum
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(a)

(b)
Fig 1-10 Kia S model door impact beam

Aol A =3t Impact Beam A7 2 A #7|& 7ol Ao R

KAF S Model®] Door Impact Beam A Z2#: A HGSF HA3A
TS HH

1PE 29% Agsn A
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Fig. 1-11 Euro Ncap side impact test
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Fig. 1-12 Side structure for car body model

ole] we} E et E TES FolWA AFY FW FE A A
2 g s Asx] PELVIS#S 47 91k dHE v s

Fig. 1-132 Hyundai Elantra®] <A H7FE JeldlE A224 ZF body
3 M= Head 4 pts, chest 2 pts, abdomen 3.97 pts, pelvis 4 ptsO =
=4 not available &4 S e AL 9T}

briver

- Good

Accepta ble

—

T

Fig. 1-13 Hyundai Elantra 2011, Side impact crash ANCAP test result
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Fig. 1-14%= Hyundai Accent®] <A H7HE Yeldle= A2 Head 4
pts, chest zero pts, abdomen 2.05 pts, pelvis 3.71 pts& & o] 9 A] poor &

a=aisiee

Driver

B Good ‘ e

Acceptable ’

- Poor —~5

Fig. 1-14 Hyundai Accent 2005, Side impact crash ANCAP test result

Ao A gEo] dle Asxaf wo]AA &d i FikF<d S
Y] 7eENte] ExE AF ¥ ¢ JEE =Y AEA HAs
(H/KMC ¢)% %3} Body Structure] 7] 7ol Q@ slv 1 dsto=w

side impact testr] 7F¢ 83 HES ©dsta A+ Side Impact Beam<l

dEFst oA 2l V]e o] Hastt.
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& Hzss] AL mo PBE WA uA FEEe AvssuA
Ausd e Aue] W] Ha %o} e W 3

2k 2o s el A ghe Haskzl 918 Door Impact Beam®] 7i#e] @
5t A Aolth wals B =FoAE Door Impact BeamS 7]& Steel 247+
obd A3t AAQE A&t HH3 vx AN S AW, AEE
EE8to] 71 div] F5F 30%7MA FAAIZ w3 Side Impact Beam< 7l
Was o] B =] HE ot

olfg LAHS afdstr] flste] x4 Ao W H

S =~
AFE AA 2 ;XS FFstaL, Door Impact Beam ZHE 913 ©-8 A7 A

i
filo

2} Door Impact Beam %2 %% Bracket &% A2 Door Impact Beam %
%% Bracket AlA% AZ, Door Ass'y AZFS =3 7 #EF3 Door Impact

Beam 7W&& ki, Ao A5e & HdAol tid A& A @stara gk
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A 2 A A %3 Impact Beam A A 2 A ZF

Al 14 Impact Beam A7

o,
o
-,
~
:Oé
o
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ol
filo

Door Impact Beam?] A3 +ZZ 3
AAl 7] 30%A HRE ATE st
Axp g FAel Al X 7F opst FabE PELVIS#S At <y o
< AR Ayl o] HAstsle 4 @38 Side Impact Beam 7ol 3k
T2 AYsAn. 2> HFT 24" Impact Beamol sl Yepga 9l
A s 2 Al 2~E|E Lay-out74-S 712 #HE Impact Beam3 g ¥

299 2 sl 2319 s 232 Fig. 2-17300 el L

3 =z A
]

Ao 2R 35 A

il
ol
8
o
1w Mo

2

o

oft

Design Plan

+ Deflection : 3mm

+ Tensile Strength : 638Mpa

+ Weight : 880g (30% reduction compared to steel)
« Material Al

« Method of Construction : Extrusion Process

Analysis Condition ey
. Y/m : 72Gpa ]
« Poisson's Ratio :0.33 ,

+ Density : 2780kg/m2

+ Yield Strength : 380Mpa

+ Material t Al 7021

+ Analysis Method : 3-point Bending

W

Fig. 2-1 Impact beam design(the first agenda)
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Design Plan

+ Deflection : 3mm

+ Tensile Strength : 638Mpa

+ Weight : 880g (30% reduction compared to steel)
+ Material Al

Method of Construction : Extrusion Process

Analysis Condition

« Y/m : 72Gpa 'I
+ Poisson's Ratio  :0.33

» Density 1 2780kg/m?2

+ Yield Strength : 380Mpa

+ Material Al 7021

« Analysis Method : 3-point Bending e

Fig. 2-2 Impact beam design(the second agenda)

Design Plan

+ Deflection : 3mm

+ Tensile Strength : 638Mpa

= Weight : 880g (30% reduction compared to steel)
« Material : Al

Method of Construction : Extrusion Process

Analysis Condition

= Y/m 1 72Gpa

» Poisson's Ratio  :0.33

+ Density : 2780kg/m2

= Yield Strength  : 380Mpa

+ Material t Al7021 :
+ Analysis Method : 3-point Bending s

Fig. 2-3 Impact beam design(the third agenda)

A 27 Impact Beam 7% 34
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AEst A A48 FE AY 2 AAAMNYG H5E 8 dA A48 F<
Steel Impact Beamoll ™3t T-%3814 S =83t} Impact Beam® W+ A}
¥oZ KM Front Door & AFF(77160-1F000)S H&3tHoH, FT=FS
FR/BRKT : 156g, RR/BRKT : 197g, BEAM : 926g, TOTAL : 1279g &=
AA3A T Beamoll A-8% A2 STDE9I80(MS123-64)0]7, BRTKe| &
4¥d A& SPHC-P (MSI121-05) o]t} v Fig. 2-4% Steel Impact
Beam # BRKT® CO2 ARC &4Ho% x=H¥ 4 Heha 3l

E002 AR WELD'G

{02 ARC WELD'G

[EIC02 ARC WELD'G)

LH SI1DE A
< CD2 ARC WELD'G

Fig. 2-4 Assembly shape by CO: arc welding(beam and BRKT)

TFZ3 L2 NX Nastran 7.5 SoftwareEs AF-&st o &Ao #AH

AEE obel Eol Hehyie,

(it
e
)
T,
X

Table 2-1 Mesh collector information
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Item Content
Name STEEL
Type Solid
Solid Property STEEL
- Type - PSOLID
- Material - Steel
- Element Type - STRUCTURAL
MESH INFORMATION
- Mesh Size - 15
- Type of mesh - 3D
- Total Number of elements - 4080
- Total Number of nodes - 8208
- Hexagonal elements - 4080
Table 2-2 Material information
Item Content
Material STEEL
Material Type Isotropic
Mass Density (RHO) 7.829e-006 kg/mm’

ANA WEE BAL RZY AFL T O, & APNN $IE T
Aol Age P WEE F@ gholw, Pt A
MER b gow ASHY BE Aguc T Ade] dgHow

=
= T
poler] 1 e AYI FYNEEES FI Aolth Wre SI vele AR

o ok
£
o,
ofo FU
)
v
N
it

ro
=

) o AAFE  kg/m?) el p=T)

p = B4 9% (kg/m’)
m = =49 AA A (kg)
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v = B4 AA F3)(m’)

Young's Modulus LA 9 etel Al 8ol ZAAEE vell= gholth g4 A

T $HY Agz vE&R Hodr Az Al e A = A
G Agor Jd& FEH-HYE Ao BT VSV 2HYH B AFE 2
Ask ¢ Aok oA gAASE “9E(young’s modulus)” o]tiixE u).
AAGF Ee % 298 (0)2 AFAWIEE (¢) &2 YFo] +& 4 Utk E =

F/A F/
g _ 0 _ 0 ol RFol vroli ulAZlo Coga sl =
€ Al/lo AOAlr 176 7o E'/] \__-AL. J’}‘v—‘E ]U:],FL_ _100}‘__ o}

Aye T AlE Az Aol Wt = Alwe] g Zolojri
Poisson’s Ratio(Default :0.298)= #A57} <1d= o zt&o wme} 1 w3k
=old wf 7FEe WP Rl AR e MR Ato]o H &S UEdY. o]
e Az 7F A (homegeneous) 3Fil, SWA(isotropic) Hi= 2 aS5WA
(orthotropic) °ol™, zH&st= FWaFeo] Am Aojo] d FitollA ddE

ok dASTh @559 (uniaxial stress)S WBHE A Fol tis|A EolgnH|E

1

ofy

o
hl

BE3 2o = -5, O RRe] FEE 5o ARE 0259014 0359 Eol

SHlE A, BT 24 FES A HW EoldHl= FUbekAl @tk
Fig. 2-55 A& & XYool HEA &% £ STELL®9 Poisson’s Ratio
S Yez At 2 Mol eE 71EeE 02985 AR&SEAATE Yield
Strength(Default :0.129 mN/mm*(MPa)= 24 W3S 1

of 7kl & A= AW S99 A=E uvekd Zeolth. Ultimate Tensile
Strength(Default : 0.262 mN/mm*(MPa)) &£AWE o]F Az Hoz Y=
o] ko] doju= A HA &9 A=E e Zlojt

2
=

YA TIA kol AR
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*"“*'-"""% ZMUiSiul

CHOSUM UNIVERSITY

299 B% exol wel 3% Fue, G Fus weld @k 58 2
2 Faay] UEel /R4 e

|42 EA]4F Linear Static Analysis=

AHgsle] SIS asig o, A A3E Fig. 2-6779] YERUTH
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*'”*'-'""% ZMUiSiul

CHOSUM UNIVERSITY

Fig. 2-6 Yield strength with temperature

o

-
==

#8170 #7667

Fig. 2-7 Ultimate tensile strength with temperature
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Aol We T4 20e Fig 289 2o] 12 W 449 49 Y,
34 WEke F&o] Hojgla, 3 X, Y WEd Y, Z

% -
T4 wolqlth £E 3W 9ZoIA Force® 7HsHz 39 WY

O O O

Fig. 2-8 Considering constraint of analysis

1, 2 ; X : Free; Y, Z : Fixed; DX : Fixed; DY, DZ : Free

3, Xy : Fixed; Z : Free; DX : Free; DY, DZ : Fixed

3 ; LOAD : -Z

AN F 5wl AN BN AA B4 AT @y 3

r o
ol
=L
32
£y

re

ANe FaAA BW OONFH FHANN Aol wASE Aow
ALEE ), 2500NeI A SR Al A el AAEE AL
4300N°l| Al BEAM o] 3}&5= 3& Table 2-39] 341 Ao Ao} o]

Table. 2-3 Analysis result

Load(N) Displacement | Stress—-Elemental | Stress—-Elemental- | Reaction
(mm) (MPa) Nodal(MPa) force(N)

100 0.0866 9.93 17.33 47.31
200 0.173 19.85 34.65 93.95
300 0.260 29.77 51.98 140.33
400 0.346 39.70 69.31 187.10
500 0.433 49.62 89.63 233.88
600 0.520 59.55 103.96 208.65
700 0.606 69.47 121.28 327.43
300 0.693 79.40 138.61 374.21
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Load(N) Displacement | Stress—-Elemental | Stress—-Elemental- | Reaction
(mm) (MPa) Nodal(MPa) force(N)
900 0.780 89.32 155.94 420.98
1000 0.866 99.25 173.26 467.76
1100 0.953 109.17 190.59 514.53
1200 1.039 119.10 207.92 561.31
1300 1.126 129.02 225.24 608.08
1400 1.213 138.95 242.957 654.86
1500 1.299 148.87 259.90 701.64
1600 1.386 158.80 207.22 748.41
1700 1.472 168.72 294.55 795.19
1800 1.559 178.65 311.87 341.96
1900 1.646 188.57 329.20 338.74
2000 1.732 198.49 346.53 935.51
2100 1.819 208.42 363.85 982.29
2200 1.906 218.34 381.18 1029.07
2300 1.992 228.27 398.51 1075.84
2400 2.078 238.20 415.84 1122.61
2500 2.165 248.12 433.16 1169.39
2600 2.252 258.04 450.49 1216.17
2700 2.339 268.97 467.81 1262.94
2800 2.425 277.89 485.14 1309.72
2900 2.012 287.82 502.46 1356.50
3000 2.598 297.74 519.79 1403.27
3100 2.685 307.67 537.12 1450.05
3200 2772 317.99 554.44 1496.82
3300 2.898 3277.52 571.77 1543.60
3400 2.945 337.44 589.10 1590.37
3500 3.032 347.37 606.42 1637.15
3600 3.118 397.29 623.75 1683.93
3700 3.205 367.22 641.08 1730.70
3800 3.291 377.14 658.40 1777.48
3900 3.378 387.06 675.73 1824.25
4000 3.465 396.99 693.05 1871.03
- 24 -




4100 3.951 406.91 710.38 1917.80
4200 3.638 416.84 727.71 1964.00
4300 3.725 426.76 745.03 2011.35
4400 3.811 436.69 762.36 2058.13
4500 3.898 446.61 779.69 2104.91
4600 3.984 456.54 797.01 2151.68
4700 4.071 466.46 814.34 2198.46
4800 4.158 476.38 831.67 2245.24
4900 4.245 486.30 849.00 2292.02
5000 4.332 496.22 866.33 2338.80
5100 4.419 506.14 883.66 2385.58
5200 4.506 516.06 900.99 2432.36
5300 4.593 525.98 918.32 2497.14
5400 4.680 535.90 935.65 2525.92

G Force - Displacement

6000
5000
4000
3000
2000 ——
1000
o \ s y ' y L.
gIEBSRIBILEISENRIE oo
Fig. 2-9 Force - Displacement
3 3 3
p-_ P L _ P.L _ 16+ P+ L

- 48 o I » 5max_ 48 o 5max ] %(d%-d%)_ 7. 5max « I - (dg_dzll)

L] L] 3
_ 16 « 4300 5453 _330GPa
7« 3.725 « 11(31.8" —27.8%)
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CHOSUN UNIVERSITY

=)
o
fru
fia
X,

THAY Aol BAsE e A Rl FiEY HFE

T F e Aoy, Ad A 37 mmYs & FAL 5 U F
% Al Beamel tisiAx Hdl A% 375mm o|UlZ FHd] 4200N a5 W
T AES A Hojop @ A JdAFRGL & 4 gl

Fig. 2-10 Displacement(min:0.032mm, max:3.748mm) : Force(4200N)

Fig. 2-11 Eguivalent stress contour of steel beam(min:0.03MPa,

max:426.73MPa) : Force(4200N)
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21t ul

CHOSUN UNIVERSITY

Fig. 2-12 Displacement(min:0.019mm, max:2.179mm) : Force(2500)

Fig. 2-13 Eguivalent stress contour of steel beam(min:0.02MPa,

max:248.1MPa) : Force(2500)
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o] 0.99%¢°] Max=327MPas Xo|H, 11xo] Max=489MPaltEffil v} 1
T 12%0°l Max=485MPa, 13%°] Max=484MPa, 14%°] Max=480MPa<] =
Holm Stress #to] Foltvw AL &< & Qvh E3H Fig. 2-15(q)ol Al
o} o] 11xwe A HFL 196mmz 22 M o= Yoz BE &4

o] 713=0] B Aol

3.600e-01 _
273301 _ ‘ 3.3558-01 _
2.460e-01 3.021e-01

2.1878-01—_. Z.HBBE-M]

1.914e-01 2.357e-01 ||

1.640801 _ 2.016e-01 _
1.367e-01 1.6R2e-0

1.0048-01 _ - 1.347e-01 i
8.212e-02 1,012e-01 _|
5482602 _ 8775202 _
275102 _ 3.4280-02
2026004 _ 8.085e-04 _

(a) After 0.99 seconds (b) After 2 seconds

1315056, at elem# 30 ot |
mMax=0.410097, at slam# 765 SiCkEO1E : -
3.420e01 _ 3632801 _

3.083e-01 3.209e-01

2.741e-01 :‘ 2.906&-01 ]

2.3008-01 2542801 _|

2.0576-01 _ 2470801
1714801 _ 1.816e-01_

1.4538-01 _
1.000e-01 _|
7.2668-02_

1.3728-01 _
1.030e-01_|
6.8760-02 _
3454802 _
3.160e-04 _

(c) After 3 seconds (d) After 4 seconds
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Stress (v-m) of Effective Stress

min=0,000114745, at slem# 2551 000242115, atsleme 511 4985001

max=0.45207, at elsm 765 : ! Tax=0 467854, at elemé 765 ResyE e
3.767e-01_ 3.8008-01 _

3.391e-01 3.510e-01

3.014e- 01_l 3:1205-01:.

2.638e-01 | 2.730e-01 |

226701 _ 2.3408-01 _
1.884e-01 1.9512-01 _

1.508e-01_|
1.131e-01_
7.544e-02 _
3778e-02
1.147e-04 _

1.561e-01 _

(e) After 3 seconds (f) After 4 seconds

frective Stress (v-m) ; - g e Stress (v-m)- 4,6708-0
mln=00ﬁﬂ114745, at efemit 2551 000242115, at slem# 511 4355001
max=0.45207, at elems 765 g - ax=0.467854, at slem# 765 il |

a767e-01_ 3899801 _
3.391e-01 3510801

3.014e U1-l 3:1205-01—'

2.638e-01 | 2.730e-01 |
2.261€-01 _ 2.340e-D1 _
1.884e-01 _ 1.951e-01

1.50Be-01_| i
1.131e-01 _|
7.544e-02
3.778e-02 _
1.147e-04 _

1561801 _
1471201 _|

(g) After 5 seconds (h) After 6 seconds

Contours of Effetive Stress (v-m) T7Te:01 _
min=0,000419921, atelem# 512 4379801
max=0.477684, at elemy 765 & =

3.081e-01 _

3,584e-01

3.186e-01 -I

2.788e-01

1 = :
Contours of Effective Stress (v-m) 4.84Be-01 _
min=0.000143108, at elem# 852
max=0.484781, at elem# 765
4.040e-01

3.636e-01
3.232e-01
2.828e-01 |

2501801 _
1.0938-01 _
1.505e-01 _
1.107e-01_|
7.006€-02 _
4.019e-02 _
4.109¢-04 _

2.425e-01 _
202101 _
1617
1.213e-01 _|
8.002e-02 _
4

1431004 _

(i) After 7 second (j) After 8 seconds
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Am)

|V
mln-B 83711 =-05 at elem# 170
Max=0,488799, at elemil 765
4.073e-01 _ 4.058e-u1 8

3.666e-01 3.653e-01
:zsnem‘ 324|eﬂ1]
2.852¢-01 _ 2,841
2.444e-01 _ 2436801 _
2.037e-01 _ \ 2,030e-01 _
1.630e-01 \ 1625601 _
1.223e-01 | 1.219e-01 |
8.1556-02 _ y 8.133e-02 _
4.082¢-02 _ 4.077e-02 _
9.887e-05 _ 2.000e-04 _

(k) After 9 seconds (1) After 10 seconds

Fringe
Conioms orEmwhves&ms(v-m) 4897601
 min=0.000290828, at elem# 679
max=0,48916, at olemd 765, 4484801 _
4077601 _

3.6602-01
3.2626-01 ]
2,8556-01 _|
2,4478-01 _
2.040e-01 _
1.6326-01 _

Fringe Levels

ontours of Effective Stress (v-m) 485701 _

mln=0l100273651 at elemd 1020

Max=0.485696, at elem 74 4452001 1
4.048e-01 _
3.643¢-01
3239601 W
2.834e-01
2.430e-01 _
2.025e-01 _

8.118e-02 _
4.073e-02 _
2.737e-04 _

(n) After 12 seconds

s B4 4.803e-01 _.
min=0. ﬂﬂﬂ.&ﬁﬂﬁa? at elenr# 1189 8 :
max=0.484943, at elem# 766 i : 9 4.4032-01

4.0038-01 _
3.6038-01
3.234e-01 | 3.204e-01 :I
2.830e-01 _| 2,8048-01 |
242701 _ 2.404e-01 _
202301 _ 2,005e-01 _
1.619e-01 _ 1.6052-01 _
1.215e-01 _| 1205601 _|

8112602 ! 8.053¢-02
4.074e-02 _ \
3585604 _

5.8842-04

(o) After 13 seconds (p) After 14 seconds
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6.614e+01 _
5.433e+01 _

(g) After 11 seconds

Fig. 2-14 Dynamic analysis result

099238 142717 At) Agol B3t A4S Aol G A4 &% ol

UA 9 Ui R E YJeERYE 282 S Fig. 2-157160] YER QLT
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Fig. 2-15 Total kinetic energy
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Fig. 2-16 Total internal energy
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Al 3 A Impact Beam 33 Bending 2438 A& *1

71E9] Steel Impact Beam®] 7F=skQl 2 7 &ksl HE5S vlustr] 98|

Impact Beam 3% bending 238 A& A5 v o] AzstAt. 1

o

=
I AA 4719 samples S Z flexural testE 38Rtk Fig. 2-17<
A A A2k base, base-support, stand, stand-gard, rail, impacterE YE
.

[e))]
AL >

o Fig. 2-182 stand®} rail, base®} rail, tester®} impacter, tester<t
jige] AA =2gdE A4S HE

BASE BASE-SUPPORT

STAND-GARD

Fig. 2-17 Impact beam test jig

STAND+RAIL BASE+RAIL

TESTER+IMPACTER

.

Fig. 2-18 Impact beam test jig ass'y
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A9d A3 Steel Impact Beame 7% Hol A AZZF 11%7 40 ot
336% =71t Ao A He AS 2% @ Ad = AL el 8 F g F
Steel Impact Beamoll Al 7}F4 23 2%

h4

= E(flexible modulus) gkto] o]
o] 645MPa(EH A8 583mm)= STDE14072] 638MPa(4 A Mill sheet”] <)

2 1%° A7F vk ol d A =3 AAl 4F A3E Table 2-4773
Fig. 2-19726° Wetliglen F&3 Aol dvka Aesei.

Table. 2-4 Experiment condition(maximum load:360 kgs)

Item

Content

Test method

ASTM C 365/C 3656M - 05

Loading Rate

200msec

Speciment Size(mm) 853x @31.8
Support Span(mm) 200
Speciment Thickness (mm) @31.8-227.8
Maximum Load 360 kg

Fig. 2-19 Image of sample and experiment result

{Z/Collection @ chosun
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Sample #01

1000
9200

y = 0.5054x + 11.335

00

o0 — //—__l/'-’
600

500 /

400 /

300 /

200 //

100

Stroke(tf)

122269

Elong(mm)

Fig. 2-20 Result of experiment(maximum load:360 kgs)

- Flexural modulus(GPa)

.74 T4

gL PL4 —= 24.8GPa
480, 1 D} 7,.D;
480 (—gr—— 1 )

Table. 2-5 Experiment condition(maximum load:350 kgs)

Item Content
Test method ASTM C 365/C 366M - 05
Loading Rate 200msec
Speciment Size(mm) 853x @31.8
Support Span(mm) 200
Speciment Thickness (mm) @31.8-227.8
Maximum Load 350 kgt
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Fig. 2-21 Image of sample and experiment result

Sample #02

1000
200 y = 0.5447x + 14955

800
- /‘/-

600

//
500 /
400

Stroke(tf)

300 /
200 /
/

100

Fig. 2-22 Result of experiment(maximum load:350 kgy)

- Flexural modulus(GPa)

.74 .74
= P L = P L4 1 == 24.2GP(1
48'5max I 7T1.D1 7T2.D2
486, ( )

E

64 64
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Table. 2-6 Experiment condition(maximum load:472 kg;)

Test method ASTM C 365/C 365M - 05
Loading Rate 200msec

Speciment Size(mm) 853x @31.8

Support Span(mm) 870

Speciment Thickness (mm) #31.8-027.8

Maximum Load 472 kgt

Fig. 2-23 Image of sample and experiment result

Sample #03

1400

1200 y-=0.6953x% + 17.752

1000
800

600 /
400

200 /

Stroke(tf)

Elong(mm)

Fig. 2-24 Result of experiment(maximum load:472 kgy)
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- Flexural modulus(GPa)

.74 T4
p=-LL Ll —= 20.7GPa
86, . 1 m.D} 7, D)
18 0ma (761 )

Table. 2-7 Experiment condition(maximum load:481 kgs)

Item Content
Test method ASTM C 365/C 3656M - 05
Loading Rate 200msec
Speciment Size(mm) 853x @31.8
Support Span(mm) 200
Speciment Thickness (mm) #31.8-027.8
Maximum Load 481 kgs

- —

Fig. 2-25 Image of sample and experiment result
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Sample #04

1400
y = 07316x+ 18712

1200

800 /
600

Stroke(tf)

400 /
200

Elong(mm)

Fig. 2-26 Result of experiment (maximum load:481 kgr)

- Flexural modulus(GPa)

.74 T4

EF= P L = L L4 1 = 21.1GPa
48 ' 5max ' I ™ .D1 7T2.D2
A8 Ona (g~ 61 )
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A4 A Steel & GFRP 3lolB &= A AE AZF

Steel & GFRP &tolH e = AjAlES AZ splow, A% Az s A
Al TFE = A2 Al AlES v Fig. 2-17718¢] e At

HIA 2 AHIE M2 ALA

+ & H(Steel) : STEM 11A
« & H(GFRP) : GEP 580

s AEEd B R Steel Pipe HEAWENE | GFRP B3
| 0l 2 1,000mm

* Steel 2/ D 27.2mm

«GFRP 2|4 : 30.8mm

* HI&Eo|2t 12

i

ot EtS (Cutting &)

Resin S+E S ol

Fig. 2-27 Prototyping process

M =2 AHS K& AN
+ M& H(Steel) : STKM 11A -
+ M & H(GFRP) : GEP 580
* HI=Ed - PREPREG
* HIZ20| : 853mm
« GFRPXE 2 = : 700mm Cutting = M= | IB-GF-01(8529) | IB-GF-02(8629)
* Steel 2|4 D21 2mm

<GFRP 912 :30.8mm
r=Ezel 880 Pl = | [ge =m
A FDEY 862 a U -

I MZe  :848g

FUZ I'U_

IB-GF-03(852g) | IB-GF-04(8489) | IB-GF-05(8589)

Fig. 2-28 Prototype by weight
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A5 A Al Impact Beam & Ad 2 FXF A F

Al Impact Beam® 17 Al 2 7% AFS a7] flal A& AFHE A=
AES AFstFTt. A€ AEEE Aluminum 6061, Aluminum 7003,
Aluminum 7021& AF&3ste] & AlEHS A Zsdth thaFig. 2-29730
= FE R YEVIE B o, dE 59 dE S AVE
A7st7] f1etel A0mmx20mmell 471 Well= 2mme] @dS Fo] A=
st Fig 2-312 AAl A &g b= AgAc= kEAF 48 & AE

A% AH sk

o
bt

|

Fig. 2-29 Extrusion die
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Fig. 2-30 Extruder

HE A NE % 63 (KS 1382 A1H 713)

AL 7021
T4/T5/T6

Collection @ chosun

Fig. 2-31 Extruded specimen
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AL

42 £ 2% s E AHelA A3
FHl= 5 Ton UTM/ TEST ONEZ
Strain Gagest= KYOWA/ KFG-2-120-C1-11L1M2R
Table 2-82 AFAIE Z23E = YUl oH, Fig. 2-32734

B AEAe A 9] At w2 A% ARs depin g

Table 2-8 Tensile test results

Collection @ chosun

. . X Tensile
Tensile Yield Strength Elongation
Item Strength Avr.
Strength (MPa) (MPa) Percentage (%)
(MPa)
294.34 285.776 7.68
6061 T6 293.209
292.078 281.611 9.04
319.742 268.043 1551
7003 T5 323.4365
327.131 273.563 16.06
336.295 195.752 19.58
7021 T4 336.5455
336.796 201.832 17.86
408.108 368.92 15.94
7021 T5 406.3305
404.553 365.387 14.37
418.063 381.715 15.26
7021 T6 419.3425
419.622 379.111 15.93
- 43 -




1200.00

L e R e S B B T

1080.00

960,00

840.00

720,00

600.00

480.00

120000

0.00

0.600 1.200 1.800 2.400 3.000 3600 4.200 4.800 5.400 6.000
DISP [mm]

0.000

Fig. 2-32 Aluminum 6061 T6

T B T O e O (S Y O
H H oy H B H H H H
e : : ! : :
h ' iy v hH H V H \
' %l.||_.| ' ' . ' . '
* o e e e R il
L_ e st e e M o e
e e L L b oot dnil s
1--q--1- /1 e et e P s O T Femfonton
B En e S S R s R o
= = = = = = = = =
=] Mn_ =] = = =] = =] = = =]
[=R—] = = = = = = = = ]
== o ) - "] = = =] = =
o = oo P -] "3} - o [ —
=
-

1.800 2.700 3600 4.500 5.400 6.300 7.200 8.100 9.000
DISP [mm]

0.900

0.000

Fig. 2-33 Aluminum 7003 T5
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1200.00

LOAD [kof]
1080.00

960.00

840.00

720.00

600.00

480.00

360.00

240.00

120.00

0.00
0.000 0.600 1.200 1.800 2.400 3.000 3600 4.200 4.800 5.400 6.000

DISP [mm]

Fig. 2-34 Aluminum 7021 T4 / T5 / T6

2. Al Impact BeamT%A] 8 (3% Bending TEST)

&t &gl A& Strain Gagest KYOWA/ KFG-2-120-C1-11L1IM2RE
AR&3E T the Fig. 2-357372 & Al@S 38 AgAS e 9l

29t TEAY 495 E2 YEon, Fig. 2-387402 A @]
Fodoll M A% AR =z eph A
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Fig. 2-35 Aluminum impact beam - 6791

Fig. 2-36 Aluminum impact beam - 6792

Fig. 2-37 Aluminum impact beam - 6793
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Table 2-9 Bending test results

Al Impact 610 595 16
Beam 615 597 18 613
-6791 614 596 16
Al Impact 91 570 16
Beam 597 576 16 594
-6792 595 572 16
Al Impact 627 601 18
Beam 631 604 18 629
-6793 630 602 17
Load (N)
14000
12000 ﬁ?‘;\
10000
8000
—NO 1
il —_—NO 2
4000 ——NO 3
2000 (
0 .|
(] MW W N W0 0 M~ N WO o o
N§‘o‘8%$§&’ﬁ8%ﬁgfﬂmmﬁaﬁm Displacment
S B8N NRIFTNRIBIMOoINaS
SSdmaNTOARhNSREm oo~ (mm
[= OO OC OO A ™NmM= O~~~ of

Fig. 2-38 Aluminum impact beam - 6791
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—NO 4

—NO 5
——NO 6

i

Load (N)
14000
12000
10000

8000
6000
4000
2000

Displacment

(mm)

150048
€0LC6'L
9LESTL
SS08E9
€€£09'S
L8EEBY
180901
8CLB8Ct
86ETSC
990PL'T
1€£960
CEL8YO
EICETAY
TSS8T0
828¢T0
€€800

90500

¢<0000

—NO 7

—NQ 2

\)

Fig. 2-39 Aluminum impact beam - 6792

Load (N)
14000
12000 -
10000
8000
6000
4000
2000

Displacment
(mm)

150048
€0LZ6'L
9LESTL
SS08E9
€€£09'9
LBEEBY
18090%
828t
86E1SC
990PL'T
T€L960
CEL8YO
918SC0
TSS8TO
8¢8¢10
€€800

90500

¢20000

Fig. 2-40 Aluminum impact beam - 6793
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)
el
2
e
2
i

A6 A 7 %3}t Impact Beam &3 Al

1. 58 A4 € A%
Door 9] T& AgS $13 4 %3 Impact Beam 8 AA 9 AzS 33
Attt Fig. 2-41743& Aluminum 70216T)A &S #-8&3to] Al Impact
Beam®] &7ol] wet AAl A#Ed 39 AWy dHS e dow,
Fig. 2-44746-2 Billet temperature(450°C™500C), Dies temperature(410°C~46
0C), Container temperature(380°C7430C), Ram Speed(1.2mm/sec
L7mm/sec)®] = o= A2td &S bl vk

=< Front =

Fig. 2-41 Al impact beam - 6791 die manufacturing

< Front >

Fig. 2-42 Al impact beam - 6792 die manufacturing
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< Front > < Side >

Fig. 2-45 Al impact beam - 6792 extruded samples
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Fig. 2-46 Al impact beam - 6793 extruded samples

Al 7 A Impact Beam BRKT A4 2 3%

1. Impact Beam FRT/RP BRKT A4

Impact Beam BRKTS] 4 HAAE ¢ Table 2-103 72L& = 2
s FYstan. AFNAARE "o A 3y Fd S§HA FEE
E3 42 Impact Beam BRKTS & AAsith. v Fig. 2-47748%

Impact Beam FRT BRKT % Impact Beam RP BRKT¢ #HE= A7 2
Impact Beam ass’y ©W S YR It}

=

Table 2-10 Imformation of Forming Simulation

Item Forming
Cushion Height 100 mm
B/Hold'g Force 60 Ton
Form'g Force About 100 Ton
Blank Size 930 X 300(pitch)
Materal SGACEN 980
Thickness 14 t
Draw Bead Yes
Press Type Single Action Press
Master Upper Die
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JI 2 A et

»

ol =
=

s

gl f 2k ghal 2t

ol
= [=] et =2o

JI 2 A et HE 2 A

0

2 ol B B gt

Fig. 2-48 Impact beam RP BRKT
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o2 press FITHS HEsto] BRKT T2 Azsdoew, Fig.

(a) Die (b) Punch
Fig. 2-49 Impact beam FRT BRKT

(a) Die (b) Punch
Fig. 2-50 Impact Beam RP BRKT
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(a) FRT BRKT

(b) RR BRKT
Fig. 2-51 Impact beam FRT/RP BRKT (trim)
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3. Impact Beam A A& A%

AEo 2= Al Impact Beam 6791, 6792, 67932 Algstdiom, A&
Aluminum 7021 / T6 Tempering, $& %712 & Table 2-113 2 o}@ )

Table 2-11 Shape & setting condition

= Billet Dies Container Ram Speed
Temp(T) | Temp(TC) Temp(T) (mm / sec)

Al I/B

6791
Shape | Al I/B

Type | 6792
Al UB

6793

M

45 7 50 410 T 460 380 T 430 12 7 1.7

MAIN CYLINDER TIE ROD
CONTAINERTIRE

Fig. 2-52 1250ton 5" extrusion machine
Billet ] %<, billet d¥, dies &<, billet FY, &3, puller ©]%, table

], cutting =22 4EF A TAL S T AFE AAES Fig. 2-53

of rER At
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Fig. 2-53 Al impact beam prototype

4. Impact Beam & BRKT Ass'y

A3 &S 9% Impact Beam¥ BRKT %= H AFH o Fig. 2-54%
Impact Beam ¥ BRKT ass'y jigE YEMH 9219, Fig. 2-55= Impact
beam ¥ BRKT ass’'yv9 &H3 A4S et g =3 Fig. 2-5604
o ol HF TS Ik A3 968gd S gkt

oH
2
filo

Fig. 2-54 Impact beam & BRKT ass'y jig
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(a)

(c) (d)

Fig. 2-55 Impact beam & BRKT ass’y welding

Fig. 2-56 Impact beam & BRKT ass’'y weight
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BN
o4
o
tlo
ol
:oé
it
2
2
.t
ol
)

Steel
Impact Beam QH-f

Hemming Quter panel Inner panel & Inner panel &}
Alp| HE Impact Beam 27

Steel =Reio|

Product

Fig. 2-57 Manufacturing process

o
(S

Al Impact Beam Door Ass’y
RE ZY ¥AHL 7]F Steel Impact Beam¥} 34 Impact Beam?] ¥
T4 Fds} &FulH BRKTH Steel Inner panel®] A7} o] A2 7]
Lo 23 3ol EVFsste] o|F A HAWRel 8 Sttt 1YE=
olFA HehdH wWxwAS Fa HEFEH oz BRKTH Steel Inner panels

Rivetingste] Bonding® F2¥ ¥ Rivete] Z2&=ES &%

—_
>
o
o

=)

[aN
2
By
o

BRKT¥ Steel Inner panel®] HZ W& 9 Tooling 9S HESIY A&
7Fs 3k Rivetg A AsA o™, Rivetd 42 HHZA2 Blind Rivetg A4

stk MR o] ~#HL ofgo] eI
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PEE

; > |
e ]

== = ==

2mm 3mm Smm

oo

Fig. 2-58 Blind rivet

Table 2-12 Specification of blind rivet

Ultimate Shear Ultimate Tensile
Rivet Mandrel
Strength Strength
Aluminium
05 Carbon Steel 209MPa 254MPa

Bond 4174 & huntsman advanced materials(¥ =%t H kA )AL A A2k
ollg ¥Yel BondgE A&dtloem BE=o FFi= ARALDITE AW 106
Resin?} HARDENER HV 953UEFS] ¢ Epoxy AdhesiveE 1:1 W& =2 &3}
o] Bonding® el # &3ttt Bond® 2= WA R 25k, AZte] e}
ggkz2 k. Fig. 2-599) 4 ¢} 7Zo] Carbon Steel BondingA] 25°C 7|& 8A|7+&
Fold s9S w 0.039%ne WA F7 Imm ¥ 5MPa% Aot =g 714

(33736)
AT,

Property Test Method  Test Values!
Lap Shear Strength, psi (MPa) ASTM D-1002
Effects of cure time and temperature
Cure Temperature Time
T7F (25°C) 8 hours 710 (4.9)
15 hours 1990 (13.7)
24 hours 2130 (14.7)
72 hours 2280 (15.7)
5 days 29560 (17.6)

Fig. 2-59 Effects of cure time and temperature
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S Fig. 2-608 o ZA] F=xA19 78 HZAQ ofdrio]lE Aw-106S o}
EblaL 9lem, Fig. 2-612 Hv 953u 43tAE el vk

Fig. 2-60 Araldite Aw 106 resin

Fig. 2-61 Hardener Hv 953u shear strength
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Fig. 2-63 ¥ #2 A% A

S %3] Al Impact Beam door ass'yE Al 23t
AA 2H5S Fig. 2-63°] e AT

Hemming Outer panel Inner panel & Inner panel Qt=h
Az HE Impact Beam 873

¢F0E

Product

Riveting

Fig. 2-62 Al impact beam door manufacturing process

Fig. 2-63 Al impact beam door ass'y
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7. Door &A1 ¥

7}. Test Pad Area
2} k2] Impact Test USA NHTSA ¢ #H7H 3 & Fsto] 3319
t}. Test Pad Area & *#¢] Side DoorE 1% 1+= Rigid Pole ] #

A BHAs7) glste] BAA Level 998 ARt A,

i

PHOTOGRAPHIC TARGETS - Impacted Side View

LEVELS

FEAY EY 90 g ol WAl AN Adsn AY Ade 9% =
W meh g4 Bmm (1 AA) F web) /AL A SR Holze £
gou, dolg AEdze U 2 FFo welE /B

(1) LEVEL 1 - side sill top height

(2) LEVEL 2 - occupant H-Point height

(3) LEVEL 3 - mid-door height(midpoint of distance from the bottom of
the windowsill to bottom of door).

(4) LEVEL 4 - windowsill height

(5) LEVEL 5 - top of window height
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}. Test Vehicle Preparation Building/Structure
SH TE AY d, AE v 2 FoAR/AES S5 A BAstE F4 0l

giul gk 4= dojof abn, Adle] 2&E 206C T 222T Aleld fAst=% 3t
[ex]

VERTICAL IMPACT REFERENCE LINE SID HEAD CG

| Vertical
1 Impact
Line

Fig. 2-656 Condition of USA NHTSA (Nationnal Highway Traffic Safety

Adminstration) impact test

. Tow And Guidance System

AQ A 2FE HEE =k mA = 93 B & dojof drm S
3lkmh(£0.9 kmh)¢] HE= Y=+ AHFHoZ FFoA 600mm (£ 60mm)
wj7kA] AQlstdom, Al A

Al AolEs A A
;‘(].%]:9/] %_ Hol—fﬂ: %—/K]

ghQlol ot

ol F& FA= T4 stsol dEEr] doel
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PHOTOGRAPHIC TARGETS - Top View

Longitudinal centerline of vehicle

TOP VIEW

FOIL 300K RIGID POLE

Fig. 2-66 Degree of impact testing

2}. Rigid Pole

Rigid Pole ¢ #74H& FAWgoz © A7 254mm(+3mm) Impactor®

Ao Elolo] AW 7] 102mm ©| Aol A Impact TestingS 23 3F
o

th. Rigid Pole ¢ @®l= T Fig. 2-673 22 Fx2=2 A Zsiinh

FOIL 300K RIGID POLE - All Measurements in mm

fe—— FOIL 300K RIGID POLE
f=di======pdll 2057 ELEV. 254 DIA.
ars I
,].: P — i 1816 ELEV.
__—]-jf e i 1651 ELEV.
667 oo lw
na| g |RESESES 3
-]-: ==
514
__}: 77777
=&
514
el =]
]‘ ]
s SIDE IMPACT LAYOUT
LLuad Cells

Fig. 2-67 Configurations of rigid pole
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u}, Camera Locations

AAIZH24 fps) FHrlEhs HIAE R0 SEdFE F2(5H), ¥ 9

)=]
n

o] Traveling & ™| Pan Viewing ©] 7}Fs3dtE2 sttt 18] )
53]

Direction
of ‘ 8 10 (Overead- wide View)
\

Travel
| / 9

| 1 {Real Time)

Fig. 2-68 Configurations of monitoring camera system
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8. F& 7IATELE: A

7h LM 7ol =E(HF Al&") AA
LM 7Fol= AR S flsiA= 717 viAYFe] 7% £4, AA
Agetse] A/ Sx/ ASARY AR el A, &7

24, ,
§ @4 melslor Atk Fig. 2-69= LM Zlel= 44E 93 2z AEE
vheb s QL)

Fig. 2-69 LM guide flow chart
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wh A AL o 9w stFd HS AAE] 98] ofdle] Aol
g st

p @] A7) mlkgml] P olEE% ¢ vimm/s]

p 8tz WE P 7I4E% 0 a=v/Tn(Tl, T2, T3)
» FAZF4 L2 L3[mml] P v SE3IS ¢ nlmin ']

P A sA2Ee] wiA L, L1[mml] p H ~Ez23 Zo] : Limml]

m : A #F[kgml] Pnt : 2} 859 +HYF H3letF
g 8 7EE [g=9.8m/s7 a: 7V % [v/Tnl

V&% [mm/s] L1I"L4 : o]FA g [mm]

PI"P4 : 7} EE9] ot =& Foldd 35

T8 A8-S5=28 EE BAAM

Fig. 2-70 Radial (reverse radial) load calculation of each block
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F 5oty telme] A, dolvd sHEa 3§ WF ol FA e
= A3 $ARFe oo 4e wed

PE=P+Ps (PE : &7}sl%, P 1 doltd &5, Ps : &W3aF ot5)

Fig. 2-72 Distribution of LM guide(equivalent load, radial load and lateral
load)
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gt A AT 7€ R ALY
LM 7lol=t depat 3 3
grc 2 sgel wAY + dormz, slelme P WAY Yt 2

etz ol GAtAl et A A SAs)of ot

Table 2-13 Standard of static safety factor

A& 714 AL 23 BAAXAAT Hay
o] ‘ﬂ’ )\ oq 7]71” ﬁ%,—%—l u/\u 73*?‘ 1.0 ~ 1.3
s, T4l Z‘J‘lo} s 2.0 ~ 3.0
:611]— 7]71” {]% %Zﬂlo] = 75]“?‘ 1.0 ~ 1.5
B g, FA0l AHgste 45 2.5 ~ 7.0

fa=2= 2 fs: BHPAA S
Co: 71 2AAA &%
P: A%ksts
Mo: {4 RAE 3%
M: AR E 35
- ARG B

LM 7tel= EEo] 23y HAdstzoz 7|2 4A4 35S vUirol
A Table 2-139] FH Ak ol A& wkSajof b,

FPE

Alz="e] LM AA 71 ZAd ugt A
- BRH20A &525 AH&3)
- Adud 7S

)
[-'0
r>~l
X
&
il
X
2
ol
ol
e
iv)

ut

- A ARt skE 5000 [N] (F-8kets A&l whep AlLksoRe)
- BRH20A B4 4sts @ 2560 [kgi (IN=0.102 kg
- 2560 [kgfl/0.102 [kgi] = 25,098 [N]
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Ak 2kA7Al BAIAG Hagk 1.071.3 < 5250 o|BR2 FAHHAFTH
Q
o

1519 o} 2

01;91 ET?}I

ol

=g

ul, AC Servo Motor A7
712 5 71L& AC Servo Motorg AM&-3stth. F3le] F/F<9f Hol &9

NFWFE Wt ol S AeIA £ o] EOoE B

! 125,04
FFEe T2 25

500

s el

. I L
= 7‘HH3 : j 777777777 7'74:7@4‘? 2
I
=

| 2 A3R A0
ACH R HE = T
RN CEECE EE RS

ASHoAAR ) SRl EdHRlE

Fig. 2-73 Basic design of rail guide type

B 2312 e 22 dAHem 118gssd

- RE 9} FokE Afole] AAWA 1 AEFH o3 AAAow
- Bt SAAZ TR(s)=1 , Bt SAAZE TS(s)=1
- 28 Hd ¥4 N [rpm] = 3,000
- A ZAE SK(%)=100(AC Servo)
- AMEAlF SF = 15
B sk AME oga 2
- Holg9 Hul £ VI(mm/S) =500

- 1829 o5& LP(mm/p)=0.01
- hgu, mE Uabe] fS(ead)®l ALSNA AZAA F 748 RTEA
A A, WAL 2= L A

L(mm)=60« VI/(NO « RT)=60 + 500/ (3000 » 1) =10
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ATle] A X mA e RS A4 Ao w she, Qlay B o A
RE = A% A4S P(p/r)=L « RT/LP=10 « 1/0.01=1000, <1zt &
2 & P(p/r)& 1000 &2 433

MR EE S} F8hE Abol o] A el AMgE = dEasmAE WA By
o] AZYor st
- 3 "elEe] T WWi(kg) = 190

- A% &4 ER(%) = 100%(#Ao]7] W)

- #&719 ¥ S g GD*(GR)(kgm?) = 0

= Zhol =5 mpEAlS KG = 0.01

- ZholEqtel dskE vhe A, L Fe ks FA(kgy) = 10002 9

- 9 gkl AR e Ae® shal, S W Ao 95 shs Flkgr) = 0
- o]FUAL 91EDO = 20, = A& DI = 164 , LB = 1000

- UEYR : o]% WAt UERY 6¢ EAAS KF = 0149 «g)
Fd(kgf) = 30, YA I3 J&E S E1(%) = 93)

o o4 UpAL Wlol®H ¢ ot 3% FB(kg) - 309 olELbAb wlol YR wha
57 RB(mm) = 20, o] $1}AF W0l g% v} 2A4KB = 001

ol
il
of

KB HIOE S O ==

L’lJ\ F:JE T o B G Ko
Fo Fio
Tl Tl

]

=3
t

aF

RB

R
= Iy -
HeskE Eot wome
i
=
|

(o

£

o OFEH== u

Fig. 2-74 Screw bearing part(preload)
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m R F 34 F T8 GDAGD)E A

GD(kgf?) = GB+ GW+ GO+ GR = 0.000339 +0.001013 +0.0001 + 0 = 0.001452

- o]F Al BE S 34 GD*(GB) ALt
GB(kgfm?®)=17.86 « m « LB« DM?*+« RT?/(8 « 10")(n=12) =

7.86-7-1000-18.22-12/(8-10™)(n = 12) = 0.000339
(&, DM ; o]FUALY] A3} A F9 Ht AF)
DM(mm)=(DO+DI)/2=(20+16.4)/2=18.2

- 9= "HolEe XHF 3k GDX(GW)S ALt
GW(kgfm*)=WW « L* « RT*/(x » 10")(n=6)= WW « L*« RT?/

(r s 10")(n=16)=100 « 10*> « 12/(x » 10")(n=16) = 0.001013

- AsAY BHE SGDXGO)S] ALt
GO(kgfm?) =10 « GA/250
=GA+ (2«7« MDC+ (DB*+ WD+DF*« FT)/GA «
(3.2 « 10™)]/250(n=10)
=[2 7279« (38" « 2240)/(3.2 « 10")]/250(n=10) = 0.0001
(e, I0=GA « 2 « 7 « MDC « (DB*+« WD+ DF*+ FT)/
GA « (32 « 10")(n=10))
°1714, MDC = 7AEd(Ead#)e A2 2=, DB(mm) = 71£d B
74, WD(mm) = #A&% B9 Yol DF(mm) = 7&%d F#A4, FT(mm) =
A&y ZA;A ] FAolt}d. 3 Motor Size FAAHA 2 AAS thgy e

Heol ol Axrak

- 28 HY 7IE5 £ TAY AAE

- 72 -

Collection @ chosun



TA(kgfm) = (GD+ GM) « NO/(3.75 « T5 « ER)

= (0.00145 +0.000967) « 3000/(3.75 « 15 « ER)=0.3867

(%, GM: 28 9 GD?)

GM(kgfm)= GD/RDM=0.00145/1.5 = 0.000967

ot

T5(s);0— NOrpm 7} A1 7+ = 0.0

RDM; 5-5/ %8 o] L Ak ] & = 1.5

- 28 FHAY AE E=Z TN At

TN(kgfm)= TA+ TF=0.3867+0.01611 = 0.4028

(¢, TF: ¥-3} o vz &2 =0.01611)

2 INE 9 5 EAE el bR el A Felsharh

* Motor Size AAAIY AL 7tE=E T dlo]H A TMZ GMe| 3 &

%3l Ad7kE A9l 0 - Norpm 7h4A17E T5% Axkehach

T5(s) = (GD+ GM) » NO/(375 « TM— TF)

= (0.00145+0.001) « 3000/ (375 » (0.5—0.01611)) = 0.04051
2HY Hd ¢ EA TM(kgm) = 05

GM(kgim?) = 0.001
T EAe] AL AE desketr] fe &
5

19 43t ; TN = TF + TA = 05
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29 AZF WAL o] F K-8t
TF=(L « (KF + FA+100 « (WWHFA) « KG/FE1)/(2 « 1)+ FB « RB +« KB) «
RT/(10 « ER)
=(10 « (0.14 « 30+100 + (100+100)  0.01/93)/(27) +30 * 20 « 0.01) »
1/(10 « 100) =0.01611
39l 434 TQ= TF— TA= TF— (TM— TF)

=0.01611— (0.5—0.01611)
=—0.4678(F, TA;0— NOrpm 7} A1 2] 714 E4)

RE AL Z A A A, TA=TM— TF

o« A7 EA TTY AL tha3 2o
TT(kgfm)= ((TN*« T5+ TF* « (TR—T7—2 « (T5+ T6))+ TU* « T6+
TL* ¢ T7+ TP?« T6+TQ%« 15)/(TR+ TS))" (n=1/2)
= ((0.5% + 0.0405+0.01611%* « (1—2 « 0.0405)+ (—0.4678)* «

0.0405)/(1+1))"(n=1/2)+ 0.09805

e A8 474 EA TEQ AL ooy Zoh

TE(kgfm)=SF + TT « 100/SK=1.5 + 0.09805 « 100/100 = 0.1471

RE A2 E=VF 0.1471kgm o]ola Ho E=7F 0403kgmm ©]A+e] A H
BHE vo]A 9 stdR oA HAs AT

o HA 7Y RPY AARE thE 2k

RP=1/((250 « GD « AW/GA/RT/RT+ TF/RT) « GA/2.5 + AW « ER))"
(n=1/2)=1/((250 « 0.00145 « 7755/9800/1/140.01611/1) « 9800/

(2.5 « 0.001 « 7755 « 100))" (n=1/2)=1/1.2375 = 0.8081

(S, AW, AL H o) 24745 1)

AWl(rad/s*)=m « NO « RT
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T2 Tdste] AlEdHolAds sttt w3k Lab view VI A7 A
Matlab/ SimulinkE ©] -3} HAIZ" 5 des AEdelA
F&ste] A vl #AE Fastth the Fig. 2-75% DC Servo Motor
o PID Alo] 2arglF 2 Ale] W4 4@ vheha gop .

2
g fo
Q
5
_>_

tlo

-lolx]

File Edit View Simulation Format Tools Help

DSE& 4 =@ |y =[Nomal EEe s wE
D

P Current (1) Scope
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b| Step Input DC InputSine Wawve Input E
m 4] '_l|nput Scope Dl;ega(w) Scope
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»le| ]t D Motor g L
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- =

FC Scope ‘|—¢'Lé (=i)
E—m [ Reset& Command | [ Graph Drawing | =
Time EX R Jgl=aelll A
[T00% I | lodeds 4
(a)
4} C:WDocuments and Settings¥use
File Edit Text Window Help
DSd ‘2B |8 MF X
1| clear Menory Clear -
2 100 Motor Initialize Yalues
3 L=l Teep(-]) HOIGEA L 1. Te-dut
4 R85 IRER 1 0.45 ohw
5 Kt=0.89 1€ Kt + 0. 6%n/A
6 Kbe0.09 JRTIPRA2 K ¢ 0.6%h
7| B5.Bep(-5) FEIEAS B 5Se-Dlwirad/sec
B J=A.Tep(-d)  XSEIZEM Ju ) 4 Te-fkan2
9 1P| Control ler Yalues
10] K=l o Yalue
11| Ki=30 i Valoe
12 bserver Bain Yalues
13 L1=1551 1L Yalue
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| e
Iscript [Li14 Coize
(b)

Fig. 2-75 PID control algorithms and control parameter of DC servo motor
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(b) Current Wave to The Step Input
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CHOSUN UNIVERSITY

(d) Angular Speed Wave to The Step Input

Fig. 2-76 The simulation results of DC servo system
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w3k Fig. 2-77% o] DC servo motor?] PDI Ao
o, 7+ 9 Al e
2-780l e AT

5] deservo »

File Edit View Simulation Format Tools Help
ODeEd&|

e 5% 9ge] AEd ol

duglEs wd
= q A

Fulse
Generator

Ready

B s p =[00 [Nomdl v BEBE 0 REE T ®
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1

8154134

ol ]
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Transfer Fon g . Gain3

Transter Font To Wodspace

lodeds

Fig. 2-77 PDI

control algorithm modeling of DC servo motor

(a) Angular Speed Wave to The Square Wave Input
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(b) Angular Speed Wave to The Step Input

Fig. 2-78 Angular speed wave simulation

t}e Fig. 2-79% AC XA e] PID Ao W AlojH4 A

e Fig. 2-802 DC M EA| 2~ AlgdolHd Ax=zHN, ZF 7+ (a)™(d)
Gujo] M2 ZtE&% vy, A gl nE &% 3y, o] gk A

5=
92‘.‘
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2
ins
8
3
=
i
Y
Hu
5
ot
o
L
o,
=
R

X0
5

File Edit !m-g Simulation Format Tools  Help
D& @ @2 p s[00 [Nomel =] DBSE REME - ®
N |
)
Geneuater & = yout I
m ToWeiapace
T
Ready 3 odeds
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B Editor - C:#Documents and Settings¥... |'__|'E|Y|

Eile Edit Tewt Deskiop Window Help X
Dl iR« & 4AF DB F0
1 cII
2
3 L=8.1sexp(-3) ¥AC |nductanceiL)
4 FR=1.34 ¥hrmature AC Resistance(Ra)
5 k=327 ¥Torge Constant(Kt)
6 | ¥Back ENF Constant (Ke)
T B-0.00193 #Friction Coefficient(B)
8 J=0.0%+exp(-4) MRotor Inertiald)
9 ¥=0.545
10
11 C=[-R/AL -W/L : Kk/J B
12 p=(1/Lol:
13 =002
14 B=1;
15 N=0:
16 [K,S,E]=LOR(C.0.0,R.H):
17 K
£ X
script [in & ©co 10 [ove

(b)

Fig. 2-79 PID control for AC servo system and control variable

(@) Angular Speed Wave to The Square Wave Input
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(b)Angular Speed Wave to The Step Input

(c) Current Wave to The Square Wave Input Input
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(d) Current Wave to The Step

Fig. 2-80 The simulation results of DC servo system

AEH oI Aol Yeld R o] PlAlojet PIDAIO 9] Aol &-847

Aloj o] §4de Hlugk Ay HAHAY o]&& =] AC Servo Motor]
|01 &= o] PIDA|olA] Bl&] Qx17} 7483 ZAo ovt EAT
T Oloq‘:‘r. HH Ao o]E5 A-&3ke] AC Servo Motore] T-&
3o we REEC dd AFFSEC deiM e

. (AC Servo MotordlA &7 #AFe o] o= K3t

4
o
il
&Y

=
E
N,
tlo
e

2=
of
bl
ol
ol

kg

oo
e
v}
o
o

32 ﬁ

oy

2y

v}, Rigid Pole 4 A

Rigid Pole A A= USA NHTSA® 7] F=3lo] AA/A2star 242 <l
Age2ETL obd AL wols Aol FHed SkmhAH &R F
Rigid Pole¥} & Al $23}% Impact Beam W& % W= Aafx
71 dolHE H8t7] fal Akt Rigid Poles Pole Face = 27t
Aol mEAS FAst] FE A A #5E SAsh Fig 2-819
3D A2 Basic Design ¥ Rigid Poleg YER| I )

0
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(a) Isometric View of Impact Pole

(b) Top View of Impact Pole (c) Front View of Impact Pole
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(d) Right View of Impact Pole

Fig. 2-81 Basic design of impact pole

A, To] JHE H2H A

(1) Basic Concept A7

ool ¥ %7] Impact Beam S5 Al2®e %7] 74 2dS 3348
g As UE Aojth B AJA"e AA 732 HiXE Poles TSR S
kol LM 7}ol= Al~®"lS A3 Impact Beam ©] #&¥ A2 DoorE:
Loading ¥ 4 1+ Door Supporter®t & ZA7MA] 5 2 olF9] 7|5
st AME A|=®low FAdstalal 649l o Scale down & olH] EHIZ~H A
2 A o] FH B MK Alxdle] F3%e] FEStE A 7] oA &
#A3 w7l S A A7F o] Folxlof st R E A~ Basic Design(BD) &
Fig. 2-82¢} Zo] AfHst WA e #25E Bz WAssit. 49 7t%
o ot AFA(AAE)S 4 At WA er HAAE WAse ko
oJHE  EHAEH AAZE F9en, Door Impact Beam Al&@  F X9

3D-ModelingS Fig. 2-83¢ Y}ERSIT).
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Impact Bar

Base Board

Guide Rail

Door Supporter

" Door Clamper

Servo Motor

Fig. 2-82 First Concept of Impact Beam Tester

(b) Impactor Clamap l

(a) Impactor

(e) Winch Crane

(d) Door Jig Frame

() Door

(c¢) Door lig

Fig. 2-83 Final Design of Door Impact Beam Tester
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(b) Impactor Clamp
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Fig. 2-84 Door impact tester
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2 gAY desg uy Fgad

=

H % FHE A

Table 2-14 Selection of pneumatic units

No. Item Model
1 CYLINDER CQ2B80-25DZ

2 UNIT AW30-03BE

3 VALVE VH312-03

4 SPEED CON/ AS3201F-03-08S

5 FITTING KQ2T08-00

6 FITTING KQ2ZH08-03S

7 FITTING KQZ2L08-035

8 SILENCER AN30-03

9 HOSE TU0805BU-20
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(3) o] Y T= AFEA AR 2 AA
th&-3} Fig. 2-859 #ro]
A SIA oA FAS Fa o4
gl AAE sk Eol o

2

A4 2 AA 2y F=

Fig. 2-85 Door impact tester installation
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Fig. 2-86 Control program of door impact beam
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Fig. 2-87 Tests Photos of door impact beam

- 92 -

{=/Collection @ chosun



0% Fig 2-888 ofv] A% @22 dolHRA ZEA 0 GEEAe Ay
& B4 ol

01 Impact : L

- 4.421094sec

0.08 dt:0.0513674ec

0.04

0.02

043 44 45 “E i . . 5
-0.02

300

Drop start : i

200 4.369727sec| | | !
TR
! "“%""w-.m
100 i S
i Ao
. SN 105 s o TP

43 44 45 46 a7 ‘ 48 48 5

Fig. 2-88 Load cells and accelerometer signal analysis
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2,000[mm]+4[mm] el 1 o) =)
A= 6719 EJAEQ]

AE FH FES 0mmltAo R 6719 ~E#Q AolAE F2
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1}
-

2= APS A EYe To] dHE(Steel AAH, Al Z=EIY

}

(a) Steel Impact Beam
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(c) Al Impact Beam

Fig. 3-1 Impact beam installed strain gauge
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(a) Beam deformation after the (b) Strip deformation after the

collision test(Steel Beam) collision test(Steel Beam)

(c) Beam deformation after the (d) Strip deformation after the

collision test(Fibre Composite Beam)  collision test(Fibre Composite Beam)

(e) Beam deformation after the (f) Strip deformation after the
collision test(Al Impact Beam) collision test(Al Impact Beam)

Fig. 3-2 Collision test results for each material impact beam
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A24d 224 ZA folg &4
Steel Beam, Fibre Composite Beam, Al Impact Beam® ¢ #HE =
cAS B3] =43 [mV]gS Calibration 3te] =35 [kg] & A3}

Hlol e & #As .

Loadcell Measuremet Data[mV]

& s N
[ /] N\ "
I/ \\ —
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o
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5

17 2
0.000 B — il
80 82 B84 86 88 90 92 94 96 98 100
(0.020)
Time(sec)
(a) Results of Load-Cell Signal[mV]
Loadcell Measuremet Calibration Data[kgf]
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120.000 112 'ln:nl;(
100.000 f f \Lw,_ﬂ‘\\\
E e f7"—[,£ ~ ,\ \“‘ ——cali_L_Fiber
.E 60.000 / / 7 \ \\ ——cCali_L_AL
40.000 ‘/

20000 / / / \ ‘ ——caliL_steel
e /| / N\

(20.000)

a8 100

Time[sec]

(b) Results of Calibration Datalkgs]
Fig. 3-3 Load-cell data analysis for each material
A3, Steel AMAel A, 112.3054[kg:lol™ Al Impact Beam-
95.43569[kg;], Fibre Composite Beam-& 73.10939[kgil& EAFQom Steel
ANAA A FAstTo] DA Aom LAY webA, 7]E Steel H
o] ¥l&] Al Impact Beam¥} Fibre Composite Beam? FE=E4 L z}z} 2349%,
34.8% W H Ao AdHn.
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Test Result : Steel Beam_Strain
0.002
o
7 75 80 \\35 /j,':; 90— ——gg——— —TD0
-0.002 £
E oo0a — 1
& ——s2
E 0006 |— =2
— 54
-0.008
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(a) Results of Steel Beam Strain
Test Result : Composite Beam_Strain
0.002
o
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(b) Results of Composite Beam Strain
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Test Result : Aluminum Beam_Strain

0.002

-0.002 Y
n /
| —s1 W

-0.004

—s2
53
—34

Voltage[mV]

-0.006 —

-0.008

Time[5X10%sec]

(c) Results of Aluminum Beam Strain

Fig. 3-4 Strain measurement result for each material

Table. 3-1 Collision load result for each material

Materials Force(kgs)
Steel 112.30540
Fibre Composite 73.10393
Aluminum 95.43569

Table. 3-2 Strain data result for each material

Strain(mV) Steel Fibre Composite Aluminum
@ -0.002320 -0.006599 -0.004152
@ -0.002310 -0.007723 -0.004512
® -0.005940 -0.007205 -0.003524
@ -0.001539 -0.006654 -0.003105

9lel Strain Z¥2] Strain HolE A7 Steel Beam©] Strain A3
el = Aom 3¢l H on Aluminum Beam& F7+3k, Fibre Composite
Beameo| #Higts UEUAT o] EAAI= FAAUAIE WA qA WS
HAA o] MU 7F 7 A JHE WO WMEFE Aol WA Ao
2 #a¥ 1, 3 Fibre Composite Beam¥ Aluminum Beam & % JUXx| =
Fete] olE WP AR WAL FolH, Steel Beam®| Strain #koll H]

aete] F@st A e 9ol B2 & 4 A
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