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Redesign, modal analysis and stress analysis of cross car beam
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As components of the car's dashboard, there is a support structure which is called cross-car beam (CCB).
This beam bears the loads and respond to crash forces. Cross-car beam is essential, because its functions
include safety, structural support of the instrument panel and passing sound, vibration and harshness (NVVH)

Fiber in metal laminate standards. If the natural frequencies of the cross-car beam overlap with one of the excitement frequencies,
a phenomenon known as resonance occurs. According to the low stiffness of the cross-car beam, the modal
response of the cross-car beam should be studied and modified to avoid this destructive phenomenon. In
this article, by changing the material of the cross-car beam from steel to polymer-based composite, the
beam was redesigned and its vibration performance and stress analysis were performed. The simulations
showed that changing the material of the metal beam to glass-epoxy composite, carbon-epoxy composite
and fiber in metal laminate (FML) increased the natural frequency by 18%. In order to avoid resonance,
more increasing is required for natural frequency amount. Therefore, several supports were added to
connect beam to car body and reduce degree of freedom. Changing the material and increasing supports at
the same time resulted 460% increasing for natural frequency. Because excessive increase of natural
frequency will lead to increasing structure rigidity and as a result stress concentration, so numerical stress
analysis was done and finally a suitable laminated composite was suggested for cross-car beam.
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Fig. 1 Example of cross car beam [1]
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Table 1 Chemical properties of 1010 steel [24]

Element Content (%)
Iron, Fe 99.18-99.62 %
Manganese, Mn 0.30-0.60 %
Sulfur, S <0.050 %
Phosphorous, P <0.040 %
Carbon, C 0.080-0.13 %

[24] 10108Y55 5355 ols> 2 Jgoir
Table 2 Physical properties of 1010 steel [24]

Metric
7.87 gr/cm®

Properties
Density

[25] 10105Y58  SlSe olss 3 Jguzr
Table 3 Mechanical properties of 1010 steel [25]

Young's Modulus (GPa) 200
Poisson's ratio 0.285
Total Elongation (%) 28.453
Yield Strength (MPa) 305
Tensile Strength (MPa) 395
Tensile/Yield 13
Uniform Elongation (%) 18.973
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Fig. 2 3D model of the cross-car beam
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[26] S5l (25 5 omSTgy) s (Sl 5 (So5d o> 5 Jgu
Table 5 Physical and mechanical properties of glass/epoxy and carbon
epoxy [26]

Mechanical Properties  Glass/Epoxy Carbon/Epoxy
Elastic Modulus (MPa)
E: 45000 121000
E, 10000 8600
Es 10000 8600
Shear Modulus (MPa)
G 5000 4700
G 5000 4700
G 3846.2 3100
Poisson’s ratio
Via 0.3 0.27
Vi3 0.3 0.27
Va3 0.4 0.40
Density(kg/m®) 2000 1490
Tensile Strength (MPa)
TS 1100 2231
TS, 35 29
TSs 35 29
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Fig. 4 Boundary conditions added in simulation
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Fig. 3 Boundary conditions in simulation
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2024-T3 pyingll SLIT (Sl 5 (So58 oly> 4 Jgur
Table 4 Physical and mechanical properties of aluminum alloy 2024-T3

E E E Poisson's Tensile
X 4 N : Density(kg/m’)  Strength
(GPa) (GPa) (GPa) ratio (MPa)
72.4 72.4 28 0.33 2700 465

1 shell
2 clamp
3 Quad
4 Sweep
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Table 6 Comparison of the natural frequency (Hz) between the current
research and the reference [28]

First natural
Percentage

Length(m) Ref [28] frequency (present Difference (%)
study)

1 732.430 681.70 7

2 220.705 203.97 7.5

4 58.338 53.985 7.46

6 26.311 22.980 12.66

8 14.859 12.977 12.66

10 9.527 8.783 7.8
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Fig. 8 Mass-natural frequency diagram of glass epoxy and
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Fig. 9 Mass—natural frequency diagram of glass epoxy-aluminum
and comparison with aluminum and steel 1010
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Fig. 7 Comparison of results: a) according to Ref [29] b) according
to the current modeling (present study)
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Fig. 10 Mass—natural frequency diagram of carbon epoxy and
comparison with aluminum and steel 1010
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Fig. 11 Mass—natural frequency diagram of carbon epoxy-aluminum and comparison with aluminum and steel 1010
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Table 8 Comparison of tension, frequency and mass of aluminum and steel 1010 with the best FMLs in the all-support mode

Composite or FML codes w (Hz)  m (e"-4ton) Max stress (MPa) Yield stress (MPa) Ultimate tensile strength (MPa)
Steel t=2mm 840.35 10.2979 Fail: max stress >396 305 395.98
Al t=2mm 862.6 3.53296 Fail: max stress >465.3 345 465.28
Al t=3mm 873.02 5.299 Fail: max stress >465.3 345 465.28
11 567.59 5.23402 479.7 - 1100
32 941.5 3.89935 670.6 - 2231
41 967.77 6.23895 417.6 - 2231
46 798.93 3.43483 Fail: max stress >603.2 - 603
156 866.5 18.4499 194.6 - 580
193 887.05 3.28958 Fail: max stress >1000 - 1000
256 896.52 4.93437 615 - 920
270 933.5 9.86875 279.2 - 808.8
284 976.53 16.4479 157.7 - 690
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Table 11 Types of 12 layers FML studied in this research (The unit of
measurements is mm)
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Table 9 Types composites studied in this research (The unit of
measurements is mm)

> o
> > > >
o 3 ¢ 5 -z 22 Z3
2% g% 25 2 28 £ 2z . =
&5 22 § 2 52 53 28 s g% gE g g 55
2= &/ 2 2 <o 24 52 o 8 S @ CI=] 2 B ]
o =] e 8 g% 2 <3 a2 ag $ o s 5 <5
2 ] e = < o a o g 2 & ] 2 o
g > 5‘7 9; = — 5‘7 [ o 7] '8 17 Bt % b 17 %
&< < - ¢ E & = ¢ =S
187 59  [AL/+45,/AL], 04 02 04
188 60  [AL/+45,/45], 1 02 ; 22 1 [£45]5s 0.2
189 61  [AL/+45,/AL], 03 015 03 23 2 8 [0/45/90/—45], 0.2
190 62 [AL/+45,/45], 0.75  0.15 - 24 3 [0/90],s 0.2
191 63 [AL/0/45/90/—45 04 02 04 25 4 [£45]5s 02
/AL 26 5 12 [0/45/90/—45/0/45], 02
192 64  [AL/0/45/90/—45 /0] 1 0.2 - 7 p [0/90] 0.2
[AL/0/45/90/—45 3s :
193 65 /AL] 03 015 03 28 7 [+45],, 0.2
S
194 66 [AL/0/45/90/—45/0], 0.75 0.15 - 29 8 16 [0/45/90/—45], 0.2
195 67  [AL/(0/90),/AL], 04 02 04 30 9 [0/90],, 0.2
196 68  [AL/(0/90),/0], 1 0.2 - 31 10 [+45]s, 0.2
197 69  [AL/(0/90),/AL], 03 015 03 32 11 20  [(0/45/90/—45),/0/45], 0.2
198 70 [AL/(0/90),/0], 0.75  0.15 - 3 12 [0/90].. 02
34 13 [+45]4, 0.2
ol Guio o aslllas 350 4Y 14 GLII 56 aVoiz o zaY elgl 12 Jguo 35 14 24 [0/45/90/—45];, 0.2
(Wibon sa e Woojlusl als) 36 15 [0/90] s 02
Table 12 Types of 14 layers FML studied in this research (The unit of 37 16 [£45]7 0.2
measurements is mm) 38 17 28 [(0/45/90/—-45)5/0/45]; 0.2
39 18 [0/90],, 0.2
> > S — > 40 19 [+45]g, 0.2
z = = g4 £z 3%
g a ° 5 =g 82 §&8 =g 41 20 32 [0/45/90/—45],, 0.2
<} [~y IZ o o o
£¢ 2% el tF % E g = & 42 21 [0/90] 0.2
¢ ¢m g 3 $8 28 2% F8
B g ¢ e "L e 82 g%
g < = 27 s= 8 P2l G 45 aslllae 5,50 Y 8 SUII 36 a¥aiz sla iz glsl 10 Jyu
(a3l oo o e Wojlasl axlg)
199 71 [AL/EAS/AL 02 02 04 02 s -
/+45/AL], Table 10 Types of 8 layers FML studied in this research (The unit of
[AL/+45/AL measurements is mm)
200 72 J+45/AL). 015 015 03 0.5
201 73 [‘;f)/ %?0/ ALO 92 02 04 02 z 2 2§54 g2
[90/AL]; 2 3 ¢ 5 ng S5 Eg
8Ss 8% S 2 28 2% £&
25 22 5 5 5% 58 &%
Solo Gz ;0 anlllas 590 Y 16 BT 16 4Vaux sla maY £l 13 Jgur @ %1 g3 S 2 ¢ 2 g
(a3l oo o e Woojlul axly) Z Z g g~ "g
Table 13 Types of 16 layers FML studied in this research (The unit of
measurements is mm) 171 43 [AL/+45/AL), 0.2 0.2 0.2
172 44 [AL/+45/AL), 0.5 02 025
> . > g > 173 45  [AL/+45/AL), 015 015 0.15
3 g _ 5 ¢ 5 ;9% % 5 25 174 46 [AL/+45/AL], 05 015 025
£¢ 2% = 28 2z £F 175 47 [AL/45/—45/45] 0.6 02 -
25 2 g Sg =% 52 176 48  [AL/45/—45/45], 045 015 -
=
S 5’ a 2 g% @ 2 177 49  [AL/45/90 JAL), 0.2 0.2 0.2
= 178 50  [AL/0/45/90], 06 02 -
202 74 [AL/+45,/AL], 054 0.18 0.54 179 51  [AL/45/90 /AL], 015 015 0.15
203 75 [AL/+45;/AL], 06 02 0.6 180 52 [AL/0/45/90]; 045  0.15 -
204 76  [AL/+455/AL], 045 0.15 045 181 53 [AL/0/90 /AL], 0.2 02 02
205 77 [AL/345;/45]; 14 02 - 182 54 [AL/0/90 /AL, 05 02 025
206 78 [AL/+45,/45], 105 0.5 -
[AL/0/45 /90450 183 55  [AL/0/90/0], 0.6 0.2 -
209 8145 ar), 054 018  0.54 184 56  [AL/0/90 /AL], 015 015 0.5
_ 1 AL AL . 1 2
11 g3 [AL/0/45/90/-45/0 06 02 06 85 57  [AL/0/90 /AL], 05 015 025
/45/AL], 186 58  [AL/0/90/0], 045  0.15 -

<0)940l8 (5 )9Ud 9 pole Ay s
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[AL/(0/45/90/—45),

[AL/0/45/90/—45/0

254 126 10/45/90]. 165 0.5 - 212 84 /45/AL]. 045 015 045
257 129 [AL/(0/90)s/AL], 1 0.2 1 o4 ge  LAL/0/45/90/—45/0 4 o2 i
258 130 [AL/(0/90)s/AL], 075 015 075 /45/90], ' )
259 131 [AL/(0/90)5/0], 1.65  0.15 - 515 g7 [AL/0/45/90/-45/0 105 015 i
260 132 [AL/(0/90)s/0], 22 02 - /45/90] i i
216 88  [AL/(0/90)3/AL], 054 018 0.54
219 91 [AL/(0/90)5/0], 1 0.15 -
72l 3ao 3 adlllae )90 4Y 28 SLII L eV GlainzraY ¢l5l16 Jgax 220 92 [AL/(0/90)3/0]; 14 02 -
(w3b oo o e Laojlasl asls) 221 93 [AL/(0/90);/AL], 06 02 0.6
Table 16 Types of 28 layers FML studied in this research (The unit of 222 94 [AL/(0/90)5/AL]s 045 0.15 045
measurements is mm) 223 95  [AL/(0/90)3/AL], 051 017 051

2 > > g T ol 3o ) anlllae 390 4 20 LI 6 Vi sla ra¥ glyil 14 Jgux
) = w = - 8 = ]
T £5 7 3% :E (b s vl 221
&8 2 g 3 g8 %5 ©°8 Table 14 Types of 20 layers FML studied in this research (The unit of
7 = w fm =R < O ©» a
ey 2 8 g <] 52 % g measurements is mm)
g < g g~ "¢g
= = > 8 >
263 135  [AL/+454/AL], 12 02 12 o = w5 ==z £2 2=
g8 = e} =5 =2 2 .
264 136  [AL/+454/AL], 09 015 09 gg 8¢k g E 2 g g% %%
265 137 [AL/+454/45], 195 0.5 - 2z @ & g2 29 =2 =8
(¢] w [72]
266 138  [AL/+45,/45], 26 02 - 2 2 = " §2 93
_ < = @ =
269 141 [‘ZLL/ (0/45/90/=45); 12 02 12
/AL]SO 15790745 224 96 [AL/+45,/AL), 068 017  0.68
270 142 5 AA( /45/90/=45) 49 015 09 225 97 [AL/+45,/AL], 08 02 08
s 226 98  [AL/+45,/AL], 0.6 0.15 06
271 143 %ﬁ/ (0/45/90/=45), 26 02 - 227 99 [AL/+45,/45], 18 02 -
s 228 100 [AL/+45,/45], 135 0.5 -
2 1aa [AL/(0/45/90/-45), 195 0.5 - [AL/0,/45,/90,/—45,
/0], 231103 068 0.17 0.68
275 147  [AL/(0/90)4/AL], 1.2 0.2 1.2 [AL/S(0/45/90/_45)
276 148 [AL/(0/90),/AL, 09 015 09 233105 0 : 08 02 08
277 149 [AL/(0/90)4/0], 26 02 - 234 106 [AL/(0/45/90/-45), (o 015 g6
278 150  [AL/(0/90)4/0], 195  0.15 - /AL] i i :
236 108 %]L/ (0/45/90/=45), 18 02 -
. . e . s . . . s
ol oo o anlllas 590 42Y 32 BLI 56 aVasr b oz ey gl 17 Jgan 237 109 [AL/(0/45/90/—45), 135 015 i
(wilon s shen Laoslail axlg) /01, : '
Table 17 Types of 32 layers FML studied in this research (The unit of 238 110 [AL/(0/90)4/AL]; 0.68 0.17 0.8
measurements is mm) 240 112 [AL/(0/90)4/AL], 08 02 0.8
241 113 [AL/(0/90),/AL], 0.6 0.15 06
> o 243 115 [AL/(0/90),/0], 18 02 -
3 2 2 84 = 244 116 [AL/(0/90),/0] 135  0.15 -
Q — e B = 2 = 4/Ys
0¥ o2 g g 2s 32 E2E
g 98 2 B L0 2x =2
&8 o2 g g 5% g °F e e L .
7 @ 7] _{'grl & (.;D: ’é 2 = 4 % % )..4[> Gl )0 sl 3,90 Y 24 dLJl )ls Ai\JJ.Q ASL“@‘:-?“'.'.\J &ly‘ 15 JS"\".
< o a
g & g g~ ~F (a3l oo o sles Wojlal aly)
Table 15 Types of 24 layers FML studied in this research (The unit of
281 153 [AL/+45,/AL), 1.05 015 1.05 measurements is mm)
282 154  [AL/+45,/AL], 14 02 14
283 155  [AL/+45,/45], 225 015 - = > > 8 >
284 156 [AL/+45,/45], 302 R 2 e 55 =g § = Eg
_ S 9 o 8 2 B 40 @, & o
287 159 %%g%ﬁ/ 0/=8)s 105 015 105 &8 22 g8 58 &% )
[AL/(0/45/90/—45) z 3 ¢ & sS4 85 5%
288160 o hsial) 3 14 02 14 Z Z g g° g
S
289 161 %%g%ﬁ/ 90/-45), 225 0.5 - 245 117 [AL/+45./AL], 1 0.2 1
[AL/(0/455/90/—45) 246 118 [AL/+45-/AL], 075 015 075
200 162 /0/45/90] 3 3 0.2 - 247 119 [AL/+45./45], 1.65  0.15 -
S
293 165 [AL/(0/90),/AL], 1.05 015 105 248 120 {ﬁiﬁoﬁjs/fs(]f/— 45 22 02 .
294 166  [AL/(0/90),/AL]g 14 0.2 1.4 251 123 /0/45/AL) 2 1 0.2 1
S
295 167  [AL/(0/90),/0]¢ 225 0.15 - . [AL/(0/45/90/—45), 075 015 075
296 168  [AL/(0/90),/0], 3 0.2 - /0/45/AL], : : :
253 125 AL/(0/45/90/-45), 22 02 -

/0/45/90];
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Table 21 Types of 28 layers FML studied in this research (The unit of Table 18 Types of 16 layers FML studied in this research (The unit of
measurements is mm) measurements is mm)
= 2 = = > =3
£ o 2 5 g e 2 2 5 g
g5 o 28 g S% g& £ B 55
2 2 a8 & S 5 < o 2 2 a4 S 5 < o
A g8 g a A g8 ga
o g 62 S, e, 58 S,
S = = S & =R
& < = < =
267 139 [(AL/45/AL/—45),/AL/45], 0.2 207 79  [ALJ45/AL/—45), 0.2
268 140  [(AL/45/AL/—45),/AL/45], 0.15 208 80  [AL/45/AL/—45],, 0.15
[AL/0/AL/45/AL/90/AL/—45/AL/0 210 82  [AL/0/AL/45/AL/90/AL/—45] 0.2
273 145 /4L/45/AL/90] 0.2 /0/AL/45/AL/90/AL/—45],
[AL/0/AL/45/AL/90/AL/—45/AL/0 213 85  [AL/0/AL/45/AL/90/AL/—45], 0.15
274 146 AL /45 /AL /90 0.15
/AL/45/AL/90]; 217 89 [AL/0/AL/90],, 02
279 151 AL/0/AL/90);/AL/0 0.15
[(4L/0/AL/90)/AL/0l; 218 90  [AL/0/AL/90],, 0.15
280 152 [(AL/0/AL/90)5/AL/0], 0.2

ol Baind 5o aslllas 50 4Y 20 BLII 58 Yoz slo ey lsil 19 Jgus

(W3l oo yo oo Wojlasl axls)
(3lss foishes oojlail wxl) Table 19 Types of 20 layers FML studied in this research (The unit of

Table 22 Types of 32 layers FML studied in this research (The unit of measurements is mm)

measurements is mm)

ol iz )3 aalllae 3,50 0¥ 32 SUJI 5 oz sla iz el 22 Jouer

>
= e =

2 > = O 2 - B =3

o) =z = o8 o8 8B _

& 8 2 5 8 28c g8 < B g5
o3 on 25 5 g & 8 N7 & B ]
ge 82 = < B g &m g2 I
2> 2 g e g9 e 8 s & =X

g3 ¢ & e 5 & 2

S ™ I~ <

Z < =

229 101  [(AL/45/AL/—45),/AL/45], 0.2
285 157  [AL/45/AL/—45],, 0.15
230 102 [(AL/45/AL/—45),/AL/45], 0.15
286 158  [AL/45/AL/—45],, 0.2
232 104 [AL/OJAL/45/AL/90/AL/—45/AL/0], 0.2
291 163  [ALJO/AL/45/AL/90/AL/—45],, 0.15
235 107 [AL/0/AL/45/AL/90/AL/—45/AL/0], 0.15
292 164 [ALJO/AL/45/AL/90/AL/—45],, 0.2
239 111 [(AL/0/AL/90),/AL/0], 0.2
297 169  [ALJO/AL/90],, 0.15
242 114 [(ALJ0/AL/90),/AL/0], 0.15
298 170  [AL/O/AL/90],, 0.2
ol i o aalllae 9,50 0¥ 24 BLJI 518 aYouz la iz ¢l 20 Jguor
2 Cowgm -9 (05l o 2 sloo brojlail axly)
[25] 1010 35 Sxdly (255 5 (adly (25 23 Jgur Table 20 Types of 24 layers FML studied in this research (The unit of
Table 23 True stress and plastic strain of metal [25] measurements is mm)
True stress (MPa) True plastic strain (mm/mm) m o -
Fr £, - o 2
305 0 S £ 5 =g
<s <0 g5 85
306.6822729 0.078823805 8g 82 g2 B
&5 &% © a v o
311.3144875 0.079580754 - @ =
332.8049375 0.083154783 249 121 [AL/45/AL/—45]5s 0.2
354.445 0.086728003 250 122 [AL/45/AL/—45) 0.15
368.998875 0.089228084 255 127 [AL/O/AL/45/AL/90//jLL//;5‘§5/AL/0 02
S
383.85655 0.09233576 556 1oy AL/OJAL/45/AL/90/AL/~45/AL/0 0.15
392.4691 0.0954888 /AL /45]; i
395.9799641 0.098631929 261 133 [AL/0/AL/90Ls 015
262 134 [ALJ0OJAL/90]s, 0.2
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Table 27 True stress and true strain of FML (carbon/epoxy/aluminum

[30] powteosll 3 Sdly ()5 5 (adly (25 24 Jgur
Table 24 True stress and plastic strain of aluminum metal [30]

True stress

True plastic strain

twelve layers) [32] num. (MPa) (mm/mm)
num. True stress True plastic strain 1 345.00 0
(MPa) (mm/mm) 2 346.71 0.00037873
1 323.86 0 3 351.10 0.00053702
2 450 0.002 4 355.19 0.00058501
3 544.32 0.004 5 359.35 0.001755
4 690 0.006 6 363.50 0.0032176
5 808.8 0.008 7 367.66 0.0046801
6 920 0.01 8 371.81 0.0052651
7 1000 0.011 9 378.04 0.0073126
10 384.27 0.0087751
i o . 1 389.00 0.01053
Gy pyiangll [ oS 3l 1008 ) BT 58 Aoz 15,5 5 (ably (25 28 Jgur 12 394.66 0.013455
[32] (¥ jlz 13 398.81 0.01638
Table 28 True stress and true strain of FML (carbon/epoxy/aluminum 14 405.04 0.019013
twenty-four layers) [32] 15 409.20 0.021938
num. True stress True plastic strain 13 :11322 06002;629718
(MPa) (mm/mm) : :
1 29053 0 18 427.89 0.029835
2 323.86 0.002 19 434.12 0.032761
3 450 0.004 20 438.28 0.034808
4 544.32 0.006 21 442.43 0.038026
5 690 0.008 22 448.66 0.042121
6 808.8 0.01 23 454.90 0.045631
7 920 0.011 24 459.05 0.048263
25 465.28 0.051481

Gy pomingll [ oS 5l 0,8 ) BN 31 ¥z (36,5 5 oaBly (5 29 Jgur

[B32] (aY cuza g

Table 29 True stress and true strain of FML (carbon/epoxy/aluminum

twenty-eight layers) [32]

num.

True stress

True plastic strain

(MPa) (mm/mm)

1 245.61 0

2 290.53 0.002
3 323.86 0.004
4 450 0.006
5 544.32 0.008
6 690 0.01
7 808.8 0.011

s poeieadll oS aal 10505 ) S 5B Vi (8555 (adly (25 30 Jgur

[32] (¥ 55

Table 30 True stress and true strain of FML (carbon/epoxy/aluminum

thirty-two layers) [32]

num.

True stress

True plastic strain

(MPa) (mm/mm)

1 224.36 0

2 245.61 0.002
3 290.53 0.004
4 323.86 0.006
5 450 0.008
6 544.32 0.01
7 690 0.011

St poetagll ] oS gl [t ) SUII L Yoz (1555 (Hly (5 25 Jgur

[31] (a

Table 25 True stress and true strain of FML (glass/epoxy/aluminum

eight layers) [31]

num.

True stress

True plastic strain

(MPa) (mm/mm)

1 297 0

2 330.4 0.003
3 399 0.008
4 437.6 0.013
5 490 0.018
6 530.5 0.023
7 580 0.028
8 603.2 0.033

o poeesll Sl fated ) QUL aVoum (1555 (ly (25 26 Jguar
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Table 26 True stress and true strain of FML (glass/epoxy/aluminum

thirty-two layers) [31]

True stress

True plastic strain

num. (MPa) (mm/mm)

1 218 0

2 283.65 0.003
3 330.4 0.008
4 399 0.013
5 437.6 0.018
6 490 0.023
7 530.5 0.028
8 580 0.033
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