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Fig.1-3 Example of material mix of light-weight car structure in Europe

RMDB Speed | 56 mph (90 kph)
Research Moving Deformable Overlap 35 percent
BerRMDB) Impact Angle | 15 degrees (PDOF=2345)

Occupants Near-side |THOR Mod Kit
(Driver) 50 Male
Far-side THOR Mod Kit
(Passenger) | 50 Male

Near-Side =R £ Far-Side
Occupant Occupant

Fig.1-4 Schematic diagram of oblique crash test *®
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Fig.2-1 Schematic diagram of springback-root-cause analysis
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Fig.2-2 Torsion springback of curved channel parts caused by in-plain stresses =

Fig.2-3 Curved hat part shape
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Fig.2-4  Shapes of forming dies and blank in press-forming of curved hat part
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Fig.2-5 Definition of torsion springback of curved hat part
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Fig. 2-6  Stress distribution at bottom dead point before springback
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Fig.2-7 Divided 9 longitudinal areas in curved hat part for springback-root-cause
analysis

2-9



Longitudinal stress
(Center of thickness)
/MPa

(1) Without stress removal in 9 divided areas 1000 [

500

(2) With stress removal in outer flange area

Fig.2-8 Stress distributions at bottom dead point before springback
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Fig.2-9  Change of torsion springback angle by stress removal in one of 9 areas
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Fig.2-10 Divided 27 areas in curved hat part for springback-root-cause analysis
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Fig. 3-2 Changer of stress in area A from aijo at bottom dead point before springback
to g;; after springback
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(a) Stress removal (c) Removal of boundary (b) After Springback
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Solid line : boundary with deformation constraint
Dotted line : boundary without deformation constraint

Fig.3-3 Schematic diagram of springback-root-cause analysis using stresses
at bottom dead point

(a)’ Stress removal in area B afier dividing model
into areas A and B

) \.z

Solid line : boundary with deformation constraint
Dotted line : boundary without deformation constraint

(a) Before springback

Fig.3-4 Detailed schematic diagram of springback-root-cause analysis using stresses
at bottom dead point
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(a) Before springback {(c) Removal of boundary (b) After springback
constraints of area A

Solid line : boundary with deformation constraint
Dotted line : boundary without deformation constraint

Fig.3-5 Change of stresses by springback
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(a) Before springback (b) After springback

\___,/

Solid line : boundary with deformation constraint
Dotted line : boundary without deformation constraint

Fig.3-6 Schematic diagram of springback-root-cause analysis using springback
driving stresses

{(a) Before springback (c) Removal of boundary (b) After springback
constraints of area A

Solid line : boundary with deformation constraint
Dotted line : boundary without deformation constraint

Fig.3-7 Detailed schematic diagram of springback-root-cause analysis using
springback driving stresses
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Table 3-1 Mechanical properties of steel used in springback analysis of cantilever

model
ial Yield strength Tensile strength | Elongation
M MPa MPa % R-value
ISC590Y 381 681 29 09
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Fig.3-8 Cantilever model
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Fig.3-9 Tension loaded onto cantilever model
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Fig.3-10 Bending moment loaded onto cantilever model
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Fig.3-11 Springback value, displacement in X direction of cantilever tip by springback,
using stresses of zero in one of 3 elements, A to C, and using stresses after
adding tensile deformation in other 2 areas compared with base springback
value of 0.12mm
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Fig.3-12 Springback value, displacement in X direction of cantilever tip by springback,
using stresses of zero in one of 3 elements, A to C, and using springback
driving stresses in other 2 areas compared with base springback value of
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Fig.3-13 Springback value, displacement in —Z direction of cantilever tip by springback,
using stresses of zero in one of 3 elements, A to C, after adding bending
deformation in other 2 areas compared with base springback value of 2.1mm
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Table 3-2  Stresses in X direction in cantilever before and after springback by tensile

deformation (MPa)
Before springback After springback
Shell element A B C A B C
Upper layer 714 714 714 0 0 0
Mid layer 714 714 714 0 0 0
Lower layer 714 714 714 0 0 0




Table 3-3  Stresses in X direction in cantilever before and after springback by bending

deformation (MPa)
Before springback After springback
Shell element A B C A B C
Upper layer 475 317 102 -146 2 0
Mid layer 2 -1 2 3 0 0
Lower layer -A479 -323 -106 144 0 0

Table 3-4  Springback driving stresses in X direction in cantilever before and after
springback by bending deformation (MPa)

Before springback After springback
Shell element A B C A B
Upper layer 619 319 102 0 0
Mid layer -1 2 2 0 0
Lower layer -621 =322 106 0 0
2.5
g 20
g
4 1.5
5}
S 10
50 ;
B
‘fl 0.5
v
0.0 '
Base A B C

Fig.3-14 Springback value, displacement in —Z direction of cantilever tip by springback,
using stresses of zero in one of 3 elements, A to C, and using springback
driving stresses in other 2 areas compared with base springback value of

2.1mm
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Fig. 4-2 Shape of front pillar reinforcement
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Lower die

Fig. 4-3 Shapes of forming dies and blank in press-forming of front pillar
reinforcement

Table 4-1 Mechanical properties of steel used in springback analysis of front pillar

reinforcement
ial Yield strength Tensile strength | Elongation
M MPa MPa % R-value
JSCo80Y 687 1011 19 09
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Fig. 4-4 Springback of front pillar reinforcement

Fig. 4-5 Definition of twist angle by torsion springback
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(c) Longitudinal stress distribution (lowermost layer)

Fig. 4-6  Stress distributions at bottom dead point

4-6



(a) Longitudinal stress distribution (center of thickness) -1000 E

Longitudinal direction Longitudinal stress

-500
(b) Longitudinal stress distribution (uppermost layer) E

Longitudinal direction Longitudinal stress

(c) Longitudinal stress distribution (lowermost layer)

Fig. 4-7 Distributions of springback driving stress
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Fig. 4-8 Divided 6 areas in front pillar reinforcement for springback-root-cause analysis
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Fig. 4-9 Twist springback angles calculated using stresses of zero in one of 6 areas,
A to F, and using stresses as shown in Fig.4-7 in other 5 areas
compared with base twist angle of 3.9°
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Fig. 4-10 Divided 18 areas in front pillar reinforcement for springback-root-cause
analysis
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Fig. 4-11 Twist springback angles calculated using stresses of zero in one of 18 areas,
Al to F3, and using stresses as shown in Fig.4-7 in other 17 areas
compared with base twist angle of 3.9°
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Fig. 4-12 Twist springback angles calculated using stresses of zero in one of 6 areas,
A to F, and using stresses as shown in Fig.4-6 in other 5 areas
compared with base twist angle of 3.9°
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Fig. 4-13 Twist springback angles calculated using stresses of zero in one of 18 areas,
Al to F3, and using stresses as shown in Fig.4-6 in other 17 areas
compared with base twist angle of 3.9°
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Initial shape Modified shape

Fig. 4-15 Bead added to initial shape to reduce torsion springback suggested by
springback-root-cause analysis
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Fig. 4-16 Stress distributions at bottom dead point formed with initial shape dies (a),
and with modified shape dies (b)
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Fig. 4-17 Stress distributions: (a) at bottom dead point before springback,
and (b) after springback
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Fig. 4-18 Springback driving stress distributions before springback (a)
and after springback (b)
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Fig. 4-19 Twist angles by springback using residual stresses after springback
with stress removal in one of 6 areas from A to F
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Table 4-2 Mechanical properties of steel used in springback analysis of
center pillar inner

ial Yield strength Tensile strength | Elongation
M MPa MPa %
JSC1180Y 863 1242 12
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Fig. 4-21 Shape of center pillar inner



Fig. 4-22 Shapes of forming dies and blank in press-forming of center pillar inner
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Fig. 4-23  Springback of center pillar inner



Fig. 4-24 Measuring points for springback evaluation
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Fig. 4-25 Stress distribution at bottom dead point before springback
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Fig. 4-26 Stress distribution after springback
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Table 4-3 Springback values, sum of absolute value of deformation in Z direction of
points A and B shown in Fig. 4-24, calculated using stresses of zero in one of
6 areas, A to F in Fig. 4-28, and using stresses as shown in Fig. 4-27 in other
5 areas (mm)

Original A B C D E F
Average -242 -16.8 9.7 -238 -21.5 -22.1 -23.1
Difference -109 -154 -8.8 -10.6 -8.7 938 -11.0
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Fig. 4-27 Springback driving stress distribution before springback

Fig. 4-28 Six areas, A to F, in center pillar inner used in springback-root-cause analysis
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Fig. 4-29  Six beads added to initial shape to reduce springback suggested by
springback-root-cause analysis
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Fig. 4-30 Stress distribution at bottom dead point in press forming
with bead added dies
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Fig. 4-31 Springback of front pillar reinforcement press formed with modified dies
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Fig. 5-1 Schematic of conventional and developed springback-root-cause analyses
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Fig. 5-2 Procedure of driving stress calculation
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Fig. 5-3 New method for calculating driving stresses based on measured pressed

part shape
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Formed shape

Fig. 5-4 Shapes of forming dies, blank and press formed part of front pillar
reinforcement
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Fixed points

Fig. 5-5 Fixed points in springback analysis and definition of twist angle for
springback evaluation

Table 5-1 Mechanical properties of steel used in press forming of front pillar

reinforcement
ial Yield strength Tensile strength | Elongation
M MPa MPa % R-value
JACOR0OY 687 1011 19 09
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Fig. 5-6 Press formed front pillar reinforcement

(c) Lowermost Layer

Fig. 5-7 Calculated springback driving stress distributions at bottom dead point
by developed method
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Fig. 5-8 Calculated springback driving stress distributions at bottom dead point
by conventional method
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Fig. 5-9 Result of springback analysis using springback driving stresses obtained by
developed method
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Fig. 5-10 Result of springback analysis using springback driving stresses obtained by
conventional method
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Fig. 5-11 Divided 18 areas of front pillar reinforcement for conventional and developed
springback-root-cause analyses
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Stress removed area

Fig. 5-12 Twist spirngback angles calculated by developed springback-root-cause
analysis using stresses of zero in one of 18 areas, Al to F3, and using

stresses as shown in Fig.5-7 in other 17 areas compared with base twist
angle of 3.9°
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Fig. 5-13 Twist spirngback angles calculated by conventional springback-root-cause
analysis using stresses of zero in one of 18 areas, Al to F3, and using
stresses as shown in Fig.5-8 in other 17 areas compared with base twist
angle of 3.9°
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