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The Optimization of the Press-type Door Hinge of the Full-sized Car
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The Door hinge is a very important part for door sagging performance of a vehicle. It is divided
into two classes as a forge- and press-type according to a manufacturing technique. The press-
type door hinge is cheap, but shows low strength. To apply the press-type door hinge to a full-
sized car with satisfactory door sagging performance, we optimized the design parameters of the
door hinge using the DFSS method. As a result, the effective design parameters of the press-type
door hinge with good door sagging performance were obtained.
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Table 1 Comparison of door hinge type

Type Forge Press
Strength high low
Cost high fow
(1/4 of forge-type)
Weight high Low (in general)
Vehicle | E320, LS430,530i | CAMRY, AVALON
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Table 2 Comparison of door sagging performance
between forge- and press-type

(a) Front door

Target 4.5mm |

Forge Press

Shape
D -
00T Sageing 4.5mm 5.28mm
(CAE)
(b) Rear door
Target 5.5mm | Forge Press

Shape

Door sagging
(CAE)
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Table 3 Noise parameters

N1 N2

Door we.ldmg 10% | 10% 1

scattering

Door part Decrease Increase

thickness (design value (design value

scattering -3%) +3%)
Door hemming Poor Excess

hardening (design value (design value

scattering -20%) +20%)

3.1 Front door &% 3%}

HA front door © W FHHI}E A3
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Table 4 Control factors and their levels for the front door

Control factor Level 1 | Level 2 | Level 3

A Span length 353mm | 358mm -

Vehicle front direction

bolting position of 6mm | 12mm
B present

door-side upper hinge move | move
lower part

Vehicle front direction

bolting position of 4mm 8mm
C . i present
door-side lower hinge move move

upper part

Length of bolting

D | positions of door-side | 84mm | 90mm | 96mm

lower hinge

Length of bolting
E | positions of body-side | 25.3mm | 30.3mm | 35.3mm
lower hinge

Body-side flange
F| length of body-side
hinge

11mm 12mm 13mm

Hinge pin-side flange
G| length of body-side
hinge

16mm | 18mm | 20mm

Neck-part flange

H| lengthofbody-side | 1Smm | 16mm | 17mm

hinge
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Table 5 Mean and S/N ratio of L3 orthogonal array for

the front door

i
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Fig. 1 Control factors for the front door
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Fig. 2 The effect of control factors for the front door
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Table 6 The estimation of the initial and optimum values
for the front door

Prediction
factor |A|B|C|D|E|F!G|H| S$/Nratio | Mean
Initial |1 1|1 |1|1}1 -5.08 5.22

Optimum |2 (33 (1(3(3|3|3 3.55 3.97
gain 8.63 1.25

Table 7 The optimum design for the front door
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Table 9 Comparison of the estimation and verification of
the initial and optimum design for the front door

Prediction Verification

S/N ratio| Mean |S/N ratio|] Mean

Initial design -5.08 522 -4.97 5.22

Optimum design| 1.72 4.25 1.89 424

Gain 6.80 0.97 6.86 0.98

Table 10 Control factors and their levels for the rear door

Optimum
design at .
Control orthogonal F,l nal
Present optimum| Remarks
factor array desi
S/N esign
. | Mean
ratio
1 2 2 1 Trade off
S/N ratio T,
B 1 3 3 3 Mean |
S/N ratio T,
1 3 3 3 Mean |
1 1 3 1 Trade off
S/Nratio T,
E 1 3 3 3 Mean |
S/Nratio T,
F 1 3 3 3 Mean |
G 1 3 3 Trade off
H 1 3 3 2 Trade off

a8y AARE oA A4 AFRLR U
TE FHojoAxE HAAYoz HMAsE FHol B
7Fsd A7 Bk A7IM = SN ®l ek gkl
J3rr7l =& BCEF AAE HHAFoZ MA
RO, AR AA AAF Ao, DAAE d
7F8 7 (Hinge bracket 4 E7H, G ¢ H A= &=
o] Aul 4 Al T4 TR Z trade off & 3]-&349
Table 7 3 o] HE HAHAIL S HAF L)

AR HF HHAS A & HA 23
E Table 8 o YEFWTE. Table 6 & S/N H] A ALk
T} ] trade off & FFOZ SNV HA gk

o o5l A2EE & & AUtk
Table 8 Verification of the optimum design for the front
door
Design N1 N2 S/N ratio| Mean

Initial 5.66 4.78 -4.97 5.22
Optimum 4.57 3.90 1.89 4.24

Control factor Level 1 | Level 2 | Level 3
A Span length 339mm | 344mm -
Vehicle front direction
bolting position of 4.5mm 9mm
B . . present
door-side upper hinge move move
lower part
Vehicle front direction
bolting position of 1.5mm 3mm
C , . present
door-side lower hinge move move
upper part
Length of bolting
D | positions of door-side | 84mm | 90mm | 96mm
lower hinge
Length of bolting
E | positions of body-side | 25.3mm | 30.3mm | 35.3mm
lower hinge
Body-side flange
F| length of body-side | 1lmm | 12mm 13mm
hinge
Hinge pin-side flange
G| length of body-side | 17mm | 18mm | 20mm
hinge
Neck-part flange
H| length of body-side | 12mm | 14mm | 16mm
hinge
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Fig. 3 Control factors for the rear door
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Table 11 Mean and S/N ratio of Lz orthogonal array for
the rear door

Inside array Outside array
AIBIC|D|E|F|G|H ] S/N
N1 | N2 |Mean .
112|3{4|5|6,7|8 ratio

(1111 |1|1|1|1]570] 4.79 | 5.24 |-1.26

212|551 4.64 | 5.08 | 0.05

2
313(3(535] 451|493 |1.33
213(3(5.48| 4.59 | 5.04 | 0.31

21331 |1|538] 4.54 | 496 | 1.04

2
3/3/1(1/2(2(550( 4.64 | 5.07 {0.13

1131213 (2(1|3|1|536]| 454 | 495 | 1.18

5
6
711131112 (1(3]2|3]|5.43| 4.57 | 5.00 | 0.65
8
9

1{3(3]1]3]2(1]2]529]| 446 | 4.88 | 1.82
2121|526 4.42 | 4.84 | 2.10

11(2(1(2{1|1|{3]3/2|543| 4.55 | 4.99 |0.74

®
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533 ] 449 | 491 | 1.47

1312(2]1|2]3|1]|3(2]|524| 440 | 4.82 |2.36
1412121213 |1]2|1|3]529| 4.45 | 487 | 1.89
15(21213|1(2|3|2|1|529| 4.45 | 4.87 | 1.85
16/23/1]3(2)3]1)2|5.15| 4.34 ) 4.75 | 3.14
17(2(3:2|1|3|1]2|3|5.16| 433 | 474 | 3.10
18{2(3(3|2(1|2|3|1|526| 4.44 | 4.85|2.12
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Fig. 4 The effect of control factors for the rear door

Table 12 The estimation of the initial and optimum
values for the rear door

Prediction
factor |A|B|C|D|E|F|G|H| S/Nratio| Mean
Initial |[1|1|1|1|{1}1|1|1| ~-1.32 5.24

Optimum [2(3(3[3(3|3|1|3| 4.06 4.62
gain 5.38 0.62
Table 13 The optimum design for the rear door

Optimum
Control (frflgn atl Final
on
ro Present orthogona optimum| Remarks
factor array .
S/N design
. | Mean
ratio

A 1 2 2 1 Trade off
S/N ratiof,

B 1 3 3 3 Mean|
S/N ratiof,

C 1 3 3 3 Mean|
D 1 3 3 1 Trade off
S/N ratiof,

E 1 3 3 3 Mean|
S/N ratiof,

F 1 3 3 3 Mean
G 1 1 3 1 S/N ratiof
H 1 3 3 1 Trade off

AAE AF HZALG jd g A Az
= Table 14 o] JEFBTE Table 12 9 HAALST 1)
W3A trade off ) FFOZ SN H|Y HAFZEY o]
So] Z4%S o4 5 gk

Table 14 Verification of the optimum design for the rear

door
Design NI N2 S/N ratio| Mean
Initial 5.70 4.79 -1.26 5.24

Optimum 5.31 4.47 1.71 4.89
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Table 15 Comparison of the estimation and verification of
the initial and optimum design for the rear door

Prediction Verification

S/N ratio| Mean |S/N ratio| Mean
Initial design -1.32 5.24 -1.26 | 524
Optimum design 1.73 4.89 1.71 4.89
Gain 3.05 0.35 297 | 035
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