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Abstract — The impact beam, a beam-shaped reinforcement installed horizontally between the inside and outside
panels of car doors, is gaining importance as a solution to meet the regulations on side collision of vehicles. In
order to minimize pelvis injury which is the biggest injury happening to the driver and passengers when a vehicle
is subject to side collision, energy absorption at the door impact beam should be maximized. For the inner panel,
the thrust into the inside of the vehicle must be minimized. The impact beam should be as light as possible so
that the extent of pelvis injury to the driver and passenger during side collision of the vehicle is minimal. To
achieve this, the weight of the impact beam, has to be optimized. In this study, we perform a design analysis with
a goal to reduce the weight of the current impact design by 30% while ensuring stability, reliability, and com-
parison data of the impact beam for mass production. We conduct three-point bending stress experiments on con-
ventional impact beams and analyze the results. In addition, we use a side-door collision test apparatus to test
the performance of beams made of three (different materials: steel, aluminum, and composite beams).

Keywords —impact beam(%] 2 E 1]), vehicle side door(X} 5 & =9]), optimization design(Z| % A A]), three-
point bending test3d H% 4 F), side door impact test(ZHEo] FEAF)
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Table 1. Comparison of mechanical properties
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Fig. 1. Composition of existing impact beam.

3} JUE "o gadA ¢ HYsks fst 7Erd
2 Zsle] AFE Y3t

71E JHE Ho] AALS Steel 2419 STDE 1407
olm, 217 31.8[mm], WA 27.8[mm]E FFHE|<
LTz A= Qi

]2& oLﬁJJE ng] %F/k_o_ 1256[g]9§ B @:rLoﬂ)q

£ Steel A2 AL, Mg, CFRPAIES 2831 &
*H‘fi AAE JHE Qo] YF HZX YL A
). Fig. 2(a)~(gy= A AAlE JPE 4
FEM 38435 YeRHL Sith 7] dHE
30% FHo] AAH 968[g] ol YWE Hlo| FF
gre}l 31 F3 PR3-S Fote] oY 4
o] W 3.01%[mm] o]t & EXEZ HAE

II

s 2 7&4, Fig. 2(a)‘_ SR HEHZJZ‘ £
4.08[mm], Fig. 2(by= 4.69[mm], Fig. 2(c)= 4.08[mm],
Fig. 2(d)¥ 3.3[mm], Fig. 2(e)= 3.11[mm], Fig. 2(f)
£ 3.08[mm], Fig. 2(g)= 3.02[mm] & 49t}
wehr JHE o] AA ZEAQ 3.01" [mmell 1
3= Fig. 2(D«(g) YYE W Ui ALHEE 31

Steel(STDE) Al 7021 Mg(AZ63) CFRP
Young’s modulus (GPa) 205 71.7 45 -
Poisson’s ratio 0.29 0.33 - 0.08
Yield strength (MPa) 487 503 148 699
Flexible Module (MPa) 638 572 248 -
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Design

Boundary Condition

Design Methodologies

Boundary Condition

SN

%S

Design objective : 3mmisteel of equal
Tensile strength - 638MPa(steel of equal)
Design weight : 880g(a 30% reduction
compared to steel)

Materials : Al 7021

Production method: Injection molding
process

¥ Y/m: 689GPa

¥ Poisson’s ratio : 033

+ Density : 2700kg/m?

¥ Yield strength - 276MPa

¥ Materials : Al 6063

 Analysis method - three point bending

Design objective : Smmisteel of equal
Tensile strength : 638MPa(steel of equal)
Design weight : 880g(a 30% reduction
compared to steel)
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Production method: Injection molding
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¥ Y/m: 689GPa

+ Poisson’s ratio : 033

+ Density : 2700kg/m?

¥ Yield strength : 276MPa

¥ Materials : Al 6063

 Analysis method - three point bending

Section Design

Results of Analysis

Section Design

Results of Analysis

Detlection : 4.08mm(Design Failure)

\\, 12

Deflection : 4.69mm(Design Failure)

(a) Type#l
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Boundary Condition
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Design objective : 3mmisteel of equal)
Tensile strength : 638MPa(steel of equal)
Design weight : 880g(a 30% reduction
compared to steel)

Materials : Al 7021

Production method : Injection molding
process

Y/m: 639GPa
Poissons ratio 1033

Density : 2700kg/m?

Yield strength : 276MPa

Materials - Al 6063

Analysis method : three point bending

(b) Type#2

compared tosteel)
Materials : Al 7021

Production method: Injection molding
process

T

Design Methodologies Boundary Condition
+ Design objective : 3mmisteel of equal) .
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 Materials - Al 6063
 Analysis method : three point bending

Section Design

Results of Analysis

Deflection : 4.08mm(Design Failure)

Section Design

Results of Analysis

Deflection : 3.3mm(Design Failure)

(c) Type#3

(d) Typett4

Design Methodologies Boundary Condition Design Methodologies Boundary Condition
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5 _ + Materials : Al 6063 . T ¥ Materials - Al 7021
! ;rv:::::m method: Injection molding | 7 {ECET 2k o0 three point bending 4 :’,‘;g‘e’s‘:"’" method:Injection molding {7 JCLC  od three point bending
Section Design Results of Analysis Section Design Results of Analysis
Deflection : 3.11mm(Design satisfaction) Deflection : 3.08mm(Design satisfaction)
(e) Type#5 (f) Typet6
Design Methodologies Boundary Condition
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Section Design Results of Analysis
Deflection : 3.01mm (Design satisfaction)
(2) Type#7
Fig.2. Results of optimization design and FEM analysis for impact beam.
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Fig. 3. Results of 3-point bending FEM analysis.
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Sample #01

Stroke(th
2888888388838

y = 0.5054x + 11335//

A - Hes
Table 2. Condition of 3-point bending test
Gauge
No. Testing condition Load length
el o
#1  Materials : STDE 1407 360
4 Test .Type : 3-Point Bending 353 653
——— Specimen Length : 853[mm] ————
External Diameter : 31.8[mm)] 472 583
#4  Inner Diameter : 27.8[mm] 481
om[3]e] FaeRle] A4 desid 54 4w
He Fasle] B =RoM 244 12 JoE We|
Ao N9 dolHE FoR Ha A8 YHEe]
HHAF A vud 5 7] el FF FH
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AlE Qe el 3 ek
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& AHE SIS ARsle] 37 FYNE A3
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Sample #02
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(a) Results of 3-point bending test(sample #01)

Sample #03
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y = 06953+ 17.752 »
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(b) Results of 3-point bending test(sample #02)

Sample #04

y = 0.7316x + 18712
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(c) Results of 3-point bending test(sample #03)
Fig. 4. Results of 3-point bending test.
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Table 3. Comparative results on the strain of impact
beam materials

Signal  Steel beam  Composite Al profile

o, [mV] materials Beam beam

[mV] [mV]
1 0.002320 0.006599 0.004152
2 0.002310 0.007723 0.004512
3 0.005940 0.007205 0.003524
4 0.001539 0.006654 0.003105
5 0.001257 0.005472 0.002957
6 0.000812 0.004241 0.001524

Z28]3 Strain SR S F3F] Composite
materials beam3} Al Z23U beam T4 AUAE
E7et ol WMFANURARE WA T} vldEelar
UeS YJv|BtaL Table 304 &1 = X0l Steel
beam®] ZEHQI gk} Hlwate] 7k Ak 2
£ Y9og AzHn)

B =Rlxe 71E dY™E &
Hlwdlole] ghue} Hast JUE We] HAA4A
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), 3= v 2ot

71& JUE Wo] FaEe ] 256[g]0R, B AFoA
£ Steel AZNA Al, Mg, CFRPAIZS 283 3

o
%
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WS 7 Z20kd el i ot 334
AE FAsion, Fekeald S Foto] A F2A)
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ojate] HAHAE TSI FF WHAF 34 4
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Yalo] A olBFE vl EAE FHE=S dt
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(==N
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