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3 4 5 6 7 8 9 NCAC : ; < => � Ford Explorer
? @ % �A B C � � (2003/102/EC) D 1 E F ���	'
(+G �H IJ % ���	K L �'(3 4 MN B C H

IO P QR S % TU V �) ����	=W �X Y Z[

\ ���K L 	]^ _ H I5 
������������`��a (bX Y ZH Ib^ _ H Ib? @ %  
 
1. � �� �� �� �  
cde f ��g h % & �i j k 8 �l m $ d%

& �	n o�pq r a (s t �u v ! i w���x

y�z {�|} ~ � �[ \ � �P � 8 � � w�� 5�

� �� �cd� � b� � % & A ) �� �� ���z

� � �� � % & 	]� � �� �� � ��� � � 5�

� ��� 7 8 � � � �   ) ¡ ¢ £ ¤ ¥ ¦ § ¨ © � ª

« �£ ¤ +G � ¬  '® �� �d� � ¯ �° H �1 �

± �R z ² ³ ´ z d���	����B C µ ¶ d 2001
�� � � 46700 ¦ ���	± ���p����·¸

� ¹ º » ¼ GDP½ 2%5�d¾�¹ º 50%����
	�¿ � z d��� ¼ % & À Á ½L Â 	]�� �|

} µ ¶ Ã Ä 2/3 ½���	�p�% Å ZÆ d 40 
km/hr5�dÇ �� �� 5000�± d���	b69�000
�� �M� {È ¹ ½���É 
� k Ê ���	n o'

(�|} u v Ë Ì � ¼ ���x y5z {�� � " d

2003 �B C WG17 Í ÎÏ½G 2 Ð Ñ ���	n o'
(+G (2003/102/EC)�G 2 9 2005� 10ÒÓ �H Ô E
F # $ � � �Õ r ���É �q 8 % ) �Ö ¨ �) �×

a |} % Ø Ù 3 / 0 1 2 ����	'(3 4 5 

B C µ ¶ �1 Ú �Û Ü�Ý § % & �	Þ ß à ��

á L z 	]� � ½
�g â w 31%�ã L w 32%M�%
ä À F Þ ß $ d�����å ª x 
�½L æ 21%w
À a ç �18%wè é ê < L �ë À § ���	'(|
} �H Iì í   ) ½¬  � B C À �î �L æ ) �|

} [ \ �ï¶ ð   5� �z �ñ ½ò % ï¶ wó ô õ �

Ø Ç ö �÷ ø ù ú Ó û ü ü 7 ý þ �Ø �ï¶ ��{ �

ï¶ s �� � � 3 � ) 1 � � � $ d��� � 	 


���  �Û ��ñ ½% Ø ï¶ ¿ ¯ è é ê § è é � �

L ¦ � � � � � � � ��� � ª x ½���	�� �

�¤ � � z d��á L 	]¼ � = � � ½è é L ¦ �

� � � � � �	� � 5¼ ë À w �  t < ½! % " # ²

� $ ¹ %  & / 0 ' ( ½���	'(- .�) Që À

EURONCAP� * + �å ! % , ½���	- . O P �
� Ê /d���	'(s t ² � $ ¹ �   0 1 2 5 

 6 ¯ 3 8 CAE½H Is �� 4 A ) �ë 5 % R
6 7 8 �9 : % ä < � 3 ; < ���	'(= > ½; <

z ? �@ c A B ½H I7 8 �A �ë 5 % �2 > ; < C

D5� E B C �Ê � ; < > z ? �) �ë 5 % �X Y Z

H I[ \ Q� E F �^ _ H I5 
 
2. � � � � �  ! " # � � $ % & ' ( )� � � � �  ! " # � � $ % & ' ( )� � � � �  ! " # � � $ % & ' ( )� � � � �  ! " # � � $ % & ' ( )  
ë À e f ��Q� � â A d���	'(~ � G

* H × �. I +G �� � EEVC WG10 Í ÎÏ9 1987
� J K � L ���	|} M I s �� E � N · O � P

Q�å R � � u Õ (EC) B C ACEA” � � ò % S �T U
Õ U 2 ” V �ó 1 W X ”2003/102/EC” � a (��½n
o�J +X * + d 2003� 11Ò 17�59 2005� 10
Ò 1�Ó ��� Y Z [ � � \ � ½ B % Ø �] ^ Ù _ `
- a b c d W X 2003/102/EC D 1 E F G 2 ½- .M9
2012� 12Ò 31�Ó ����É ½% ? - » ¼ {- .5
9 2010� 9Ò 1�Ó �Z [ � � \ � ½ B % Ø �] ^
½ ! % ) _ ` - a b � � c d W X 2003/102/EC¾D �
E F ½ . I - .M9 2015� 9Ò 1�Ó ����É ½
% & _ ` » ¼ 2003/102/EC¾D � E F ½ . I - .5 

	 � s t e " d 2004 �Ð Ñ ���	n o'(
+G (TRIAS 63-2004)�G 2 9 2005�Ó �dJ �f �
" # �q 8 % � ` g ' J +G �- .5{� � h i Ç

�b¾�b j �b k � � � % & Í l A ) � � d

UN/ECE/WP29=m n [ \ � o p ���	n o'(�
e f µ 1 c d U q (Global Technical Regulation� 
GTR)� r G s d��� $ � * t 5 

d� � EURONCAP 9 1997 �Ó u v WG10 Í Î
Ï½G 2 ¨ © - . s ��J . I Q w x C � ½s �� G

y z 1 C { ���	
�� . I s �5cd

EURONCAP� M I - . s �| # $ WG17 Í ÎÏ½G
2 P _ �� ½�p = }�1 ¿ 	 d ~ ó R � ½ 18 � 	
]} � �� � T $ d M I O P � a � � � Ê � - O P �

A o3 ñ � J % � > 3 �� �EURONCAP � O � - �
T � � � � � ½	]}æ � - �3 � � ]� I � � ½

æ � �� � J % � w � � ½���	'( > 3 5d� �

2 � � � bk � b¾�� � NCAPd���	'( -
. s t � � 	 � L �¾�EURONCAP § � � D 1 �D
� E F +G � � � % � � u v � 1�G 2 5 
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ë À +G G 2 k 8 � ]� �� - H wá L b< W �

=W � � � H � $ % Ý L H ½O y ) �	] . I 5d

2003/102/EC +G D 1 E F �D � E F . I ¾� 	 % Ý
	]½ � � �Å Z< � � � n �1 Ú �Û QD � E F

/EURONCAP½- .� wª � 5 

 
� 1 �G ® � C { � . I s � 1 � � 

M I s � � � - ¦  
� � +G

D 1 E F  
� � +G D � E F  
Euro Ncap / WG17 

��á Ø

	] 
HIC 

á Ø � �

4.8kg / 
35kmh 
d�� �

�	] 
� u v 8  

á Ø � � 4.8kg / 
40kmh 

d�� � �	] 
< 1000 

Æ � á Ø

	] 
HIC 

á Ø � �

3.5kg / 
35kmh 
	]dè

é ê <  
<1000M2/3
� �  

<2000M1/3
� �  

á Ø � � 2.5kg / 
40kmh 

dÆ � � �	] 
<1000 

4 � � u v 8  5 kN K L < W

$ dè é

ê À � 	

] 
  ¡ 4 ¢  � u v 8  300 Nm 

£ ¤ � Å

Z 
< 200 g < 150 g 

¥ ê ¦ §

� 
<215 <155 

K L =W

$ da ç

	] 
¥ ê ¨ 4

P © � 
< 6 mm < 6 mm 

 
3. * + � , ) -* + � , ) -* + � , ) -* + � , ) - .... 
 ª ÷ ¯ k 8 Ford Explorer 2000�, ��« ¬ 

® Ø ÎwH Ië 5 % �QJ % ) �R 6 ����	H

I5J �« ¬  ® Ø ¯ ¶ h ° 619161 � ¬  b632166
� ÷ }�pÄ � ±� u v ± 15 

 
± 1 Ford Explorer� « ¬  ® Ø  

 

cdJ % ² d� l �% Ø , ��dO y ï¶ à ³ ´

& v µ ���	'(|} � ¶ .�d 6 ¾A k 8

2003/102/EC �D 1 E F +G Îw C D J % ���	'
(3 4 ½� I 5 q 5dH Ià �k 8 �K L � ] � | 7

8 g ' ACEA[1] � � � I G 2 (Calibration test)�K L
=W � ]� (Lower Leg Form Impactor)5dH Ià ¯ k
8 J � ] � B C +G � �G 2 h ° - . � � b	]Å

Zb	]· Z� � ) �|} �H I5 

 

4. * + � / 0 ! 1 , ) - .2 3 4 5* + � / 0 ! 1 , ) - .2 3 4 5* + � / 0 ! 1 , ) - .2 3 4 5* + � / 0 ! 1 , ) - .2 3 4 5  
B C D 1 E F +G �- .�=W � ]� � 	]a ç

� ¸ æ � � r å ¹ | � 132mmQ< �	]Å Zw 11.1 
m/s5 6 ¾º 2 Ô ¸ �	]æ � � � 2�± 2� » î 5 

 
� 2  =W � ] � 	]} æ � ¼ î  

} æ  æ � » î  

A a ç ¾ ½  

B a ç ¾ ½ � ¾ 450mm 
 

 
± 2 AbB � }	]æ � Ä � ± 

 

�} æ 	]O P ¿ À � u v � 3�cJ �½H IO
P � Ê /� Á ¿ A } í B}�B C ë À �® p H IO
P ! Â+¤ Ã � � D 1 E F +G ½- .5̄ d E F Ä F

) �{ë 5 % K L 	]�X Y ZH I�|}   ) �[

\ 8 Á 5 
� 3  	]O P ¿ À Å -  

} æ    ¡ · Z å ¹ ¨ Æ æ Ç  � Å Z 

� � D 1 E F

+G 5 q À  
215 6mm 200g 

A 31.95 8.0mm 348g 

B 27.75 8.7mm 560g 
 

5. 6 7 ! 1 8 9 : - .; <6 7 ! 1 8 9 : - .; <6 7 ! 1 8 9 : - .; <6 7 ! 1 8 9 : - .; <  
Që À R 6 % �H IwU V �K L Â+¤ Ã � � D

1 E F +G � º È QR 6 % �a ç É µ wX Y Z[ \

�ë 5 $ Ê 5· Ã ö Ë �J % a ç Ì (bumper beam)§ �
L Í Î (fascia)�2 � Ï � � 5.2mm�[ Ð Q{ Ñ Ò Ó $
Â( Ô Õ )foam � n � � 1 2 ��{ï¶ wH IR 6 % E
� � � Â+¤ Ã +G - .�x - R z �1 5 

± 3 w���	=W � ]� Q+G Å Z 11.1m/s�
	]a ç ¾ ½ Ä � ±5wó Ö × ö Ë 	] � Ê = ¯ % á

À s � L Í Î Ø Ù �cJ ±� Ê /dÚ K 	]à �	]

}� - w Point A� Point B Ô }�A} À s w1 � Û ½
Ô Õ Õ Î �B} À s wa ç Ì 5 

 
 
 

A B 



���������	
������������������������������������������� � � �� � � � � � � � �� ���96 �12 �21-22 ��
The 31st National Conference on Theoretical and Applied Mechanics� December 21-22� 2007� ISU� Kaohsiung� Taiwan� R.O.C. 

 

 
± 3 =W � ] � 	]a ç ¾ ½ Ä � ± 

 
c± 3�	]Ä � ±� Ü Ý J , � ? @ % d��

=W �	à U  < Ã Ä � - Þ 4 æ � (load path)T<
(Point A)=(Point B) Ô ¸ ��{ = > ¯ T E F ) �[ \
  ß J % �1 x - u v à C 5± 4Tu v R S % ��x
- = > �G s z �� = > u á (X1�…�X7)� G y � FE
Ä � ±��T. â _ H IÓ û �H Ià ã � ¯ � L Í ä

(fascia) å æ H I5� 4w X1~X7� u á P h ® ç B Ü 5 

�

�
± 4 =W 	]H I� = > u á � G y � FE ® Ø Ä

� ± 

 

 
� 4 X1~X7�u á P h ® ç B Ü  

mm ® ç  Baseline 

X1 0 15 5 

X2 400 500 475 

X3 40 70 50 

X4 85 135 120 

X5 30 60 50 

X6 40 60 50 

X7 250 300 275 

 
6. 6 7 = : - .2 36 7 = : - .2 36 7 = : - .2 36 7 = : - .2 3  
 6 7 8 Hyper study Û Ý � � � � ï¶ M I (DOE)

½s ��è ' D 5 ÷ �© 2 � X1é X7 u á ) �ð @ %

��=W � ê ZH I5� 5 Tk 8 J ® �ë z á +
(Fractional Factorial)2 E ì (2 level)½s �� 8Ï(L8)ï
¶ M I � u á À �H I�Ê � � Ï=W 	] í � = >

W 5 �O P B Ü 5± 5~7T� Å Zb̈ Æ æ Ç b  ¡ ·

Z ê ZH Is î ±(Anova)5cH IO P � Ê /: 
� c± 5/�X1é X7� u á ¾$ � Å Z�ê Z

å ¹ � u á T X3� ï Ta ç Ì À � Ô Õ ð

Z�pð Z� � $ d� ] � �� Å Z À å �ì

¨ � P 5 
� c± 6/�X1é X7� u á ¾$ ¨ Æ æ Ç � ê

Zå ¹ �u á T X2� ï Ta ç Ì ¾ ½ � ñ �

� ZMÜa ç Ì � ñ � ò à $ d � ] � �̈ Æ

æ Ç À ó ô å ¹ 5 
� c± 7/�X1é X7� u á ¾$   ¡ · Z� ê

Zå ¹ �u á T X2� X7�ï Ta ç Ì ¾½ �

ñ �� Z�a ç Ì ¾ õ é upper foam ¾ õ �
� � �Ü X2 � � a ç Ì � ñ � ò à �{à �

] � �   ¡ · Zí � P ¹ ; Ü X7 � � a ç Ì

¾ õ é upper foam ¾ õ �� � à � � à �{
à � ] � �   ¡ · Z ó ö 5 

� d ê ZH Ià ÷ · ø � ) � ë z á (Fractional)
� E ì (3 levels) H I(L27�u v � 6)�ù � �
� - ú û ² � ü ý � P �� ; < å R �O P 5 

� Q< �H IO P � ÎTE F ^ _ ï¶ � à C 5 
 
 
 
 
 
 
 
 
 
 
 
 

 

�  (front rail)

Point A 

Point B 

� Upper foam! bumper foam " #
$ % Dyna Mat63 

� Bumper beam! upper foam 
brace " # & % Dyna Mat24 

Upper foam 

Bumper foam 
Impactor 
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� 5 DOEï¶ M I �pH IO P Å -  

 X1 X2 X3 X4 X5 X6 X7 A(1) S(2) B(3) 

1 0 400 40 85 60 60 300 293 3.6 16.5 

2 0 400 70 135 30 40 300 210 5.3 15.4 

3 0 500 40 135 30 60 250 253 1.8 25.6 

4 0 500 70 85 60 40 250 203 1.8 25.6 

5 15 400 40 135 60 40 250 234 4.4 20.2 

6 15 400 70 85 30 60 250 241 3.8 20.4 

7 15 500 40 85 30 40 300 275 0.9 19.2 

8 15 500 70 135 60 60 300 245 1.0 17.2 
(1) � Å Z(g);(2) ¨ Æ æ Ç (mm);(3)  ¡ · Z(Z) 
 

 
± 5 � Å Zí � s î ±B Ü  

 

 
± 6 ¨ Æ æ Ç í � s î ±B Ü  

 

 
± 7   ¡ · Z í � s î ±B Ü  

� 6 L27Ï��u á B Ü � 

 X1 X2 X3 X4 X5 X6 X7 A(1) S(2) B(3) 

1 0 400 40 85 30 40 250 280 4.5 14.8 
2 0 400 55 110 45 50 275 231 4.1 12.1 
3 0 400 70 135 60 60 300 213 4.6 9.7 
4 0 450 40 110 60 60 300 247 4.7 16.0 
5 0 450 55 135 30 40 250 229 4.3 23.7 
6 0 450 70 85 45 50 275 206 4.3 20.7 
7 0 500 40 135 45 50 275 243 1.7 24.2 
8 0 500 55 85 60 60 300 227 1.2 20.4 
9 0 500 70 110 30 40 250 221 2.0 29.3 

10 7.5 400 40 135 60 50 250 248 3.3 13.3 
11 7.5 400 55 85 30 60 275 259 3.5 11.4 
12 7.5 400 70 110 45 40 300 214 4.6 10.3 
13 7.5 450 40 85 45 40 300 248 5.3 17.3 
14 7.5 450 55 110 60 50 250 241 3.0 21.4 
15 7.5 450 70 135 30 60 275 237 4.2 21.1 
16 7.5 500 40 110 30 60 275 260 1.8 23.7 
17 7.5 500 55 135 45 40 300 223 1.3 23.2 
18 7.5 500 70 85 60 50 250 221 2.2 25.7 
19 15 400 40 110 45 60 250 263 3.5 13.3 
20 15 400 55 135 60 40 275 222 3.9 11.2 
21 15 400 70 85 30 50 300 204 4.0 9.1 
22 15 450 40 135 30 50 300 234 4.5 17.2 
23 15 450 55 85 45 60 250 239 2.8 20.8 
24 15 450 70 110 60 40 275 210 3.9 19.4 
25 15 500 40 85 60 40 275 228 1.9 21.3 
26 15 500 55 110 30 50 300 233 1.3 21.9 
27 15 500 70 135 45 60 250 246 2.8 26.2 

(1) � Å Z(g);(2) ¨ Æ æ Ç (mm);(3)  ¡ · Z(Z) 
 

7. 6 7 ! 1 > ? - .6 7 ! 1 > ? - .6 7 ! 1 > ? - .6 7 ! 1 > ? - . 
cD 6 ÷ ½X Y ZH I � Ê /X1~X7 u á þ �$ d

� � í � �å ¹ � ê Z�=1 � ¯ w � . k 8 Hyper 
study � �^ _ H I � 3 �B C $ d í � À (response)ï
2 « ¨ (constraint)�ë 5 (objective)½s �� Ê ¼ É µ
í � �å � í � À 5 
wó � Ê � � u v > � � ´ O P (regression)� 6

¯ 3 8 � D 6 ÷ ¾�� 6�Ä L27Ï�� = > í � �Î
w=W u á ^ _ ½ à C McH IÃ Ä k 8 å Æ � s +

(Least square regression)�Ê � � ´ O P �� Å Z�

R2=0.8199b ¨ Æ æ Ç � R2=0.8969b   ¡ · Z�
R2=09966�! 3 a b Í � < � ´ 	 Z�- .�ë À k

8 { L27ÏÎw.ý =W u á ^ _ ½ à C 5 
d^ _ ï2 k 8 � G D 1 E F �=W 	]+G 


� À Îŵ _ ï¶ � u v à C �dï2 < 7 8 : 

X3 

X2 

X2 

X7 
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� º � (Constraint)¥ ¦ : 
� ̈ Æ æ Ç <6 mm 
�   ¡ · Z<21Z 

� ë 5 (Objective) ¥ ¦ : 
� � Å Z À (g):å Æ _ (Minimize) 

QÎwH I^ _ �ï2 ��· 25 �  ñ �± 8~10w�
Å Zb̈ Æ æ Ç b  ¡ · Z�å � u á O P Ä � ±M�

� 7w 25 �  ñ �O P B Ü 5c± 8~10�� 7�O P
� � · 25 �  ñ �pO P U  < " · � � � � � � p

� � ��í � " ·3 a b � G ���	D 1 E F �-

.5 ø % � D 5 ÷ ¾� 4¾ baselineÏ(� 7¾D 1Ï)
§ � 7· 25 �   0 E �= > í � P _ (� 7¾D 25Ï);
B C H IO P (� 8)� � Ê / � Å Z¹ º   0 16.5%b
¨ Æ æ Ç   0 -53.6%��   ¡ · Z¹ º   0 10.4%Mp
¾ ¨ Æ æ Ç �� � � �ù ² Æ d+G À (6mm)�pO
P ² � Þ � 5 

 

 
± 8. 25 � � Å Z  ñ O P  

 

 
± 9. 25 � ¨ Æ æ Ç  ñ O P  

 

 
± 10. 25 �   ¡ · Z  ñ O P  

 
� 7Q Hyper study· 25 � � �>  ñ O P  

 X1 X2 X3 X4 X5 X6 X7 A(1) S(2) B(3) 

1 5.0 475 50 120 50 50 270 231 2.8 22.1 

2 8.3 475 50 120 50 50 275 231 2.7 21.8 

3 5.0 497 50 120 50 50 275 232 1.5 23.6 

4 5.0 475 57 120 50 50 275 223 2.8 22.3 

5 5.0 475 50 131 50 50 275 229 2.9 22.2 

6 5.0 475 50 120 57 50 275 228 2.7 21.6 

7 5.0 475 50 120 50 54 275 235 2.8 21.9 

8 5.0 475 50 120 50 50 286 227 2.9 21.0 

9 5.5 472 49 119 51 51 277 232 2.9 21.4 

10 6.0 470 50 119 52 50 280 229 3.0 20.9 

11 5.6 478 51 121 51 49 287 225 2.8 21.0 

12 5.0 476 52 122 52 48 292 222 2.9 20.6 

13 4.6 478 53 121 53 47 295 220 2.8 20.5 

14 5.0 476 54 122 54 46 299 218 3.0 20.1 

15 4.5 473 55 123 55 47 300 216 3.1 19.7 

16 4.0 471 56 124 56 47 300 214 3.2 19.5 

17 3.5 468 57 125 57 47 300 212 3.3 19.3 

18 3.0 467 58 126 59 47 300 209 3.4 19.1 

19 2.4 467 60 127 60 47 300 206 3.5 19.1 

20 1.9 466 62 128 60 47 300 204 3.6 19.2 

21 1.4 466 64 130 60 47 300 201 3.7 19.3 

22 0.7 466 67 132 60 47 300 197 4.0 19.5 

23 0.0 466 70 135 60 47 300 193 4.3 19.7 

24 0.0 467 70 135 60 47 300 193 4.3 19.8 
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Abstract 

Most often discussion in previous papers of pedestrian 
impact protection analysis is given to and focuses on 
modification or design guidelines of sedan, and those for 
sport utility vehicles are relatively less compared. A Ford 
Explorer (SUV) FE model will be analyzed based on first 
phase EU regulation (2003/102/EC), after which a 
sensitivity analysis of leg form to car frontal impact study 
will be conducted. The analysis result derived from the 
thesis is expected to provide a useful reference for future 
vehicle design. 

Keywords: Pedestrian protection, sensitivity analysis, 
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