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Structural Analysis and Design of B-pillar Reinforcement using
Composite Materials

Ji Heon Kang*, Kun Woo Kim#*, Jin Seok Jang*, Ji Wook Kim*, Min Seok Yang*, Yoon Sik Gu**,
Tae Min Ahn**, Sun Deok Kwon***, Jae Wook Lee*"

ABSTRACT: This paper aims to reduce weight by replacing the reinforcements of the B-pillar used in vehicles with
CFRP(Carbon Fiber Reinforced Plastics) and GFRP(Glass Fiber Reinforced Plastics) from the existing steel materials.
For this, it is necessary to secure structural stability that can replace the existing B-pillar while reducing the weight.
Existing B-pillar are composed of steel reinforcements of various shapes, including a steel outer. Among these steel
reinforcements, two steel reinforcements are to be replaced with composite materials. Each steel reinforcement is
manufactured separately and bonded to the B-pillar outer by welding. However, the composite reinforcements
presented in this paper are manufactured at once through compression and injection processes using patch-type CFRP
and rib-structured GFRP. CFRP is attached to the high-strength part of the B-pillar to resist side loads, and the GFRP
ribs are designed to resist torsion and side loads through a topology optimization technique. Through structural
analysis, the designed composite B-pillar was compared with the existing B-pillar, and the weight reduction ratio was
calculated.
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Fig. 1. B-pillar for automotive vehicle[6]
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Fig. 2. Components of the steel B-pillar

Table 1. Properties of steel reinf. B-pillar

Part Num. Part Name Material | Thickness
1 CTR PILLAR SABC1470 1.2T
2 REINF - OTR LWR SPFC590 1.2T
3 REINF - OTR UPR SABC1470 1.0T
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Fig. 3. Classification of hot stamping zones for B-pillar outer

Table 2. Material properties of steel reinf. B-pillar

Density(ton/mm?) 7.8E-09
Young’s Modulus 210000
Poisson’s Ratio 0.29
Yield Strength(MPa) 996
SABC1470-H Tensile Strength(MPa) 1470
Elongation(%) 6
Yield Strength(MPa) 509
SABC1470-L Tensile Strength(MPa) 672
Elongation(%) 18
Yield Strength(MPa) 355
SPFC590 Tensile Strength(MPa) 590
Elongation(%) 17
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Table 3. Material properties of CFRP

Mechanical Properties Unit Value
Density g/cm’ 1.52
Poisson’s ratio(v,,) - 0.13
Longitudinal elastic modulus(E,) GPa 40.35
Longitudinal tensile strength(X,) MPa 690
Transverse elastic modulus(E,) GPa 40.35
Transverse tensile strength(Y,) MPa 680
Longitudinal compressive strength(X,) MPa 274.9
Transverse compressive strength(Y,) MPa 235.8
In-plane shear modulus(G,,) GPa 7.81
out-of-plane shear modulus(G,;) GPa 0.3046
out-of-plane shear modulus(G,,) GPa 0.3046
In-plane shear strength(S,,) MPa 45.79
Table 4. Material properties of GFRP
Density(g/cm®) 1.46
Young’s Modulus(MPa) 12500
Poisson’s ratio 0.4
Yield Stress(MPa) 205
Glass fiber Pellet type
Matrix PA6
Fiber volume fraction(%) 40
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Fig. 15. von-Mises stress results of steel outer and steel reinf. B-
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Max. Stress
266.4 MPa

(a) Upper Bending Load Condition — Composite reinf. B-pillar

i
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Max. Stress
205 MPa

(b) Lower Bending Load Condition — Composite reinf. B-pillar

Fig. 16. von-Mises stress results of composite reinf. B-pillar
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(a) Upper bending load condition (b) Lower bending Imul condition

Fig. 17. Tsai-Hill criterion contour results of CFRP

Max, Stress
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(a) Upper bending load condition

(b) Lower lu'mllnv, Toad l‘l.lllllllol'l

Fig. 18. von-Mises contour results of GFRP
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Fig. 19. Deformation of B-pillar center line(upper, Normalized)
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Table 5. Upper maximum deformation of each B-pillar model

B-pillar Type Deformation [mm]
Steel outer only -5.450
GEFRP reinf. -3.474
Steel reinf. -2.489
CFRP reinf. -0.864
CFRP+GFRP reinf. -0.706
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Fig. 20. Deformation of B-pillar center line(lower, Normalized)
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Table 6. Lower maximum deformation of each B-pillar model

B-pillar Type Deformation [mm)]

CFRP reinf. -7.728
Steel outer only -7.682
GEFRP reinf. -4.471
CFRP+GFRP reinf. -4.462
Steel reinf. -4.368

Table 7. Rotational deformation of each B-pillar model

B-pillar Type Deformation angle [deg.]

Steel outer only 1.947
CFRP reinf. 1.872
GFRP reinf. 1.439
CFRP+GFRP reinf. 1.388
Steel reinf. 0.970
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Table 8. Mass of steel reinf. B-pillar model by part

Part name Mass
Steel outer 3.59 kg
Steel reinf. 1 2.05kg
Steel reinf. 2 1.75kg
Total reinf. 3.80 kg

Total model 7.39 kg
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Table 9. Mass of composite reinf. B-pillar model by part

Part name Mass
Steel outer 3.59kg
CFRP reinf. 0.134 kg
GFRP reinf. 1.1093 kg
Total reinf. 1.2433 kg
Total model 4.8343 kg
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