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Development of Lightweight Composite Sub-frame in Automotive
Chassis Parts Considering Structure & NVH Performance

Doo-Heun Han*, Sung Ha*"

ABSTRACT: Recently, according to environmental regulations, the automobile industry has been conducting various
research on the use of composite materials to increase fuel efficiency. However, there has not been much research on
lightweight chassis components. Therefore, in this research, the purpose of this study is to apply composite materials
to the sub-frame of chassis components to achieve equivalent levels of stiffness, strength, NVH performance and 50%
lightweight compared to the steel sub-frame. First, the Natural frequency of steel and composite specimens was
compared to the damping characteristics of composite materials. Then, in this study, the Lay-up Sequence was derived
to maximize the stiffness and strength of the sub-frame by applying composite materials. And this lay-up Sequence is
proposed to avoid heat shrinkage due to curing during manufacturing. This process was designed based on a FEM
structural analysis, and a Natural frequency and frequency response function graph was confirmed based on a modal
analysis. The prototype type composite sub-frame was manufactured based on the design and the EE.M analysis was
verified through a modal experiment. Furthermore, it was fitted to the actual vehicle to verify the natural frequency
and the indoor noise vibration response, including idling and road noise. This result was confirmed to be equivalent
to the steel sub-frame. Finally, the composite sub-frame weight was confirmed to be about 50% of the steel sub-frame.
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Fig. 1. Sub-frame Parts List
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3. Sub-frame Material Development
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3.1 Composite material design for sub-frame
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Table 1. Material Property

T700/Ep (7] | SYT45s/PE (8] | ELG/Ep [9]

E1(MPa) 139,300 130,000 23,000
E2(MPa) 9,900 9,000 23,000
Nul2 0.28 0.299 0.28
G12(MPa) 7,100 7,100 -
G13(MPa) 7,100 7,100 -
G23(MPa) 2,960 4,000 -
X(MPa) 1,600 1,400 344
X’(MPa) 1,600 1,400 361
Y(MPa) 40 49 344
Y’(MPa) 246 199 361
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3.2 Specimen Modal Test
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Fig. 2. FEM Modeling & Boundary Condition

Table 2. Case Information for Specimen

Case T}}El;l]e 5 Material Lay-up
Steel 2 Steel -
NCF/Ep 2 |T700/Ep [0/90/45/-45]s
Recycled/Ep 2 Recycled/EP -
NCF+Recycled/EP 4 T700+Recycle/Ep |[0/90/45/-45]s
NCF/PE 2 |CE-SYT/PE [0/90/45/-45]s
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Table 3. Natural Frequency of Specimen

Case 1** Natural Frequency (Hz)
Steel 72
NCF/Ep 87
Recycled/Ep 77
NCF+Recycled/EP 114
NCEF/PE 81
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4. Sub-frame FEM Analysis

4.1 FEM Modeling & Boundary Condition
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4.2 Steel Sub-frame static analysis
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Fig. 6. Comparison of Stress Contour, Steel sub-frame

Table 4. Case result of sub-frame in 6 load

Case Stress (MPa) | Failure Index Disp (mm)
Load 1 669 0.838 1.916
Load 2 641 0.822 1.381
Load 3 120 0.154 0.286
Load 4 157 0.201 0.365
Load 5 247 0.317 0.496
Load 6 651 0.835 1.402
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4.3 Composite sub-frame static analysis
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Table 5. Case information of composite sub-frame

Case Thickness Lay-up Sequence

Steel 2 mm -

CF_0 4 mm [0],
CF_30 4 mm [0/30/-30/90/0/90/-30/30/0]
CF_45 4 mm [0/45/-45/90/0/90/-45/45/0]
CF_60 4 mm [0/60/-60/90/0/90/-60/60/0]

Table 6. Result of sub-frame in load 3 cases

Load 1 Load 2 Load 6
Case FI Disp FI Disp EI Disp
Steel 1.20 1.91 0.82 1.38 0.83 1.40

CF_0 0.70 2.96 0.58 2.18 0.61 2.37

CF_30 0.72 2.41 0.54 1.68 0.59 2.04

CF_45 0.68 2.14 0.54 1.54 0.55 1.54

CF_60 0.69 2.35 0.52 1.78 0.54 2.06

(@) CF30 (b)

CF 45 (c) CF60

Fig. 7. Sub-frame displacement contour
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4.4 Composite sub-frame modal analysis
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Table 7. Result of sub-frame Natural frequency

Case I*NF | 2"NF | 39NF | 4"NF | 5"NF
(Hz) (Hz) (Hz) (Hz) (Hz)
Steel 206 316 423 484 533
CF_0 167 329 424 500 538
CF_30 169 333 435 510 545
CF_45 173 339 448 523 566
CF_60 171 336 440 515 548

(a) Steel 1" NF (b) CF 45 1°* NF

(d) CF 45 2™ NF

(¢c) Steel 2" NF

Fig. 8. Sub-frame mode shape
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5. Composite sub-frame manufacture
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Fig. 12. Composite Sub-frame

6. Experiment

6.1 Specimen Modal Experiment

2A oI A S|4 ol ek AJE A EE Mgt
Table 20] A 1~4W 7} x| PEE AM8-3F Specimen &7 F
Epoxy #|@e] Alsol s gL Ayatct.

Fig. 132 A3} FEM 314] 2] FRP 1&g Zo|c}. 142 %
5 A, y3& A& do] s 2g 3T 5 9
3 AR FEM s412] A0l A7 AL 21T 4= 9
th FEM s M1} AF O] I {KF H|LA|, Bt 1~3% &
g Bhelat S o). 1 Ude B R AT A
T QlE|mo]~ £

o

HHAYSE 5= Q)= Void, Lay up angle 5

Ajo] of5t oxp= alargitt.

6.2 sub-frame Modal Experiment
# Al ME Modal 43S B 14 Zake 1%
STt 2 AR OIS T AA BRI S 187) AHg5}3
Fig 145 412300 91 44 2 PR E wolgh A
2 Steel Sub-frame?} 213 Composite Sub-frameE #3513
E}. Table 72 Steel & Composite Sub-frame®] A& 1} 3[4 9]

L



Development of Lightweight Composite Sub-frame in Automotive Chassis Parts Considering Structure & NVH Performance 27

160 — Steel_2t
[ ~ )p&( —— NCF_2t_E.P
\
= I = Recycled _2t_E.P
ol /%‘“‘i/
° 8- Jf W —— NCF+Recycled_at_E.P
= < / Curve Max
- 145 dB@ 74 Mz
100 1 150 dB@ 82 Hz
y 4 - 147 B@ 77 Hz
b ZLS— WS £ 144 dB@ 107 Mz
180 (5], | [i7o] ]

300

(a) FRF graph through experiment

— Steel_2t
— NCF_2t_E.P

= Recycled _2t_E.P
—— NCF+Recycled_at_E.P

0 50 100 150 200 250 300
Frequency [ Hz]

(b) FRF graph through FEM analysis

Fig. 13. Compare FRF graph between experiment & FEM

Sensor Type : Acceleration Sensor
Number of Sensors :18

< Composite Sub-frame Modal Experiment >

l
< Steel Sub-frame Modal Experiment >

Fig. 14. Sub-frame Modal Experiment
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