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Abstract 
TRA’s urban stations in prime locations provide a transport service to railway 

travelers and also have a transport transfer function and can stimulate tourism. 
Because of this, in recent years stations have successively been rebuilt as vertical 
(underground or elevated) multiple use buildings. Because of the uses of train 
station buildings and the special structure, application of existing building law is 
difficult so many have been built after applying for and receiving “special building” 
building licenses.  

This paper examines the interrelationship between “special buildings” and 
“fire prevention plan” in the building law and their evolution, describing the 
administrative work and points for attention for a“special building fire prevention  
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plan”in the train station building life cycle and goes on to outline future train station 
development and special building fire prevention plan”trends and response strategy. 
The end of the paper has a conclusion and suggestions for TRA, the aim being that 
the paper will be of use to units and colleagues responsible for the future 
management and maintenance of special buildings in the future. 

Key words: Station buildings, operating and management, special buildings, 
fire prevention plan. 
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Abstract 
To increase the reliability of railway vehicle electrical engineering systems and 

reduce maintenance labor, modern vehicles have all replaced old-type mechanical 
components with printed circuit boards (PCB). However, the breakdown rate has 
increased with the increased use of PCB. To increase train control system reliability, 
JR EAST in Taiwan’s Asian neighbor Japan has carried out various studies and tests 
of railway vehicle electronic equipment. In the light of the fact that TRA trains have 
been heavily affected by electronic equipment breakdown for a long time, in this 
paper this research is arranged and provided to colleagues for future reference.  

Key words: Printed circuit board, reliability, main tenance labor-saving 

�� 
�
�
�
� ������������ ������������� ��������������� �������������������������������� ����

R º j% ­� -. C­ -.’ o �% O Ž …Í Ú‘ ��� s���� �� s!�"� ÝN¥ F '…“ # P ª ý '
« � > È �� �œ ! ¾ � •ŠN $ §� ä %\�— 1 —` Q > Ú¾ ’Ý'å^MóV �t
# P! O @b & N ' ö ã = Y              s

å À j -.¡ o � ç %! O Ž1 ÚM¶ v ( …Í ÝN ª ý¥ F ' s š Õ | ) / ¬ Œ­ 	
� 'ý -.¡ o �% 7 ’¬ ¡ C 8 ^ßM x Ì u 5jD ­ c � ’¡ C' 
� -.’ o �% « ¥

����5 & •�� ' �



 

��� ���35

*$ §� \� } �— 1 Õ7 ä P ª ý!« � ' b Ê ' ö ã = N # P O @' � Nd P ä ¼
b Ê G d 'œŠ � �� ˆ¶… ' w � +' ö • 'j L & > , Æƒ 'å« � Ð � » -� - �

� ˆ ­ ' ö ã = Ð Ÿ � ­ ' ö˜ N ¢¡
�
. 'å & �• m -.

�
. jQ 'S ' � ./> È * $

ä %È F 'Û� ¾ - �� ¾ ) �• � ' Q ž�� ˆ # P O @ä ' ö ã = •^M Ys

N ý l � �� “ ±t “ / ¯ F% A õ Š ÚŒX 0 �ª Ý!µ † 1 Ï '> È� %Š b ^²
˜ ’. C j ­ ' X �}  ¸ • !>‹ ' 2 � y » -� - �� ˆ N À *$ µ † ÚÛ.t �¥ ‘ 3
� %�� ˆ N * $ � ��´ Ý' ± œe|� } �— 1 ñ‘ 'Þ� -.¡ o �%•ìV!�—
1 m -.’ o �% 8 Ò ' c N � ¬ Œ­Òp '•jŠ� � _Õã > È ä P! . 4 Ys

s jã« � ô W'�� �œ ò7 s * $ §� ! ¬ Œs š Õ | ¶ j bã Ye| * $ §
� ! ¬ ŒYò s ,5 2 	� \ 6�77"��8��9�� † G Àp! Õ | ñc b & œô 'X ˜ � V s
CçŠ ’¡ Cjã Ys

      s

�� �� ˆ                   ¾ 1 �— 1 —` Q > s

� �
¾ - s*$ ä %s s s s s s s s s s s s s s s s¾ ) s*$ ä %s

����� ���� !"�#�$�%&'()*+,-� !"�#�$�%&'()*+,-� !"�#�$�%&'()*+,-� !"�#�$�%&'()*+,- ����

������������ _‚ƒ„q…_‚ƒ„q…_‚ƒ„q…_‚ƒ„q… ����

-Ì’Ì’ ; ‡ O Ž …Í ! --- ¹ Ž É …Í Úþ §� Ž É …Í Ý'@åÂ …�%TQ‘ � �
S!��{ òm _` Ys

-Ì’Ì- š � Ž É�� ˆ Ú:6 • Ý'Â …�- „ š ; { Ys



 ������  
 

36

������������ †‡ˆ‰ƒ„†‡ˆ‰ƒ„†‡ˆ‰ƒ„†‡ˆ‰ƒ„ ����

����=�=)>>>?=�=)>>>?=�=)>>>?=�=)>>>? @ABC@ABC@ABC@ABC ����

-Ì-Ì’Ì’ > , Æƒ ‹ œª ý s

67 ª ý�� ˆ !> , Æƒ 'óV ' w � ,+' ö • & Ê 'å« � Û� ¾
¢� • > È � --- ¹ Ž É …Í { ' ö ã = B Ð Ÿ !ä º <8 �� ˆ 'å '
ö ã =� -¡Ì  . Ys

s
¾ ¢s �� ˆ > , Æƒ s

-Ì-Ì’Ì- È %& 	 s

& 	 z E = ‡ “ ' ] À ŠóV 23 õ ¦ J & 	 ’. œ' & 	 › I ÛQ 	s
’ Ä --- ¹ Â …�­ ' ö Ys
-Ä � �� ˆ0 ! ' ö Ys
)Ä 	� ª ­ ´ � ' ö Ys

E >& 	 « � !Ð 	 Û � ¾ ¡ �• � s

s

¾ ¡ s' ö & Ê« � s

È %& Ê« � ÛQ 	s
’ Ä± 0´ 1 ' ö4 P ˜ ’. . Ys
-Ä È %! ,5 2 N ’ 5 2 ?±Ys
)Ä%TQ --- ¹ Â …�{ ' ö ã = Ú£ Z ˆ ´ � ' w Ý˜ ’. . Ys
¢Ä�� ˆ0 ' ö ã = ˜ ¡ . Ys
¡Ä.Ð/ 0 ' ö £ @ö & Ê/ 23 Æƒ 	 & ÊŽõ + eQ A Ys
‘ ÄX � @ö˜ Š ¢¡• ¬¡ô � � Ys
(Ä --- ¹ Â …�{ B ö ˜ Š ). • ¡¡ô � � Ú
 _ ¢¡ô � � Ý'�{þ CD '�

� �œ •Š 23 • Ú Ys

�� �  



 

��� ���37

����=�=�=�=�=�=�=�=� DEF@A23GDEF@A23GDEF@A23GDEF@A23G HIJKLHIJKLHIJKLHIJKL����

:6 • ­ & 	Q Û --- ¹ Ž É …Í ! & 	 ÐÙ ' ‚ “�� ˆ > , Æƒ ª ý\
È %'@ ö & Ê ' & Ê/ 0 N => ' ¦ J & Ê ’. œ' & Ê�•Š š � { �� ˆ
þü Û � ¾ ‘ �• � 'å> , Æƒ X à £ --- ¹ Ž É …Í •. ˜ -¡ . Ys
& Ê« � !Ð 	 R Û � ¾ ( �• � '•|i � ÛQ 	s
’Ì  :6 • ' ö £%TQ‘ --- ¹ Ž É�{X à ÐÙ Ys
-Ì  ' ö 	 B S  )Ì’ô � � '
 _ ¡.ô � � Ys
Š�� ˆþü ­ @ö 'Þ� › ª !¾ � ' ò %{\ š { � ” ' � %A Š CŒ õ
B ö e 4 S! d ? ' s óV 23 ª ý« �… Xz ' N ‚ “ ¶ f	� 'j Õ | �
� �œ !óV ¬ ŒYs

s

� ¾ ‘ � '@ ö & Ê�• s s s s s s s s s s s s s s s s s �¾ ( �s '@ ö & Ê« � s

������������ Š‹Œ•Š‹Œ•Š‹Œ•Š‹Œ• ����

s23 ª ýô W'@ --- ¹ Ž É� � � Õ ¸• ' ¸ �{ B ö ò X � @ö ž Ð !
” 'œ � V ›¡ S B ö •^M! ÓÔ Y9� :6 • � e �� ›¡ S B ö ^MÕ7! Ó
Ô '@A ¶ f	�« ¥ --- ¹ Ž É …Í £ :6 • Ü � • …!ñp Q e• � . 	s

’ Ä --- ¹ Ž É …Í 	 Á V ,5 2 	� < Õ * $ §� ¥ � , ¬ Œ! ÓÔ Ys

-Ä :6 • 	 s šS ' S B 	� j ² Õ | å ¬ Œ'ÐÑ B ö ¥�� �œ ! ¸ • ÓÔ 'ò
s E E | ! FG fW Ys

����=/=)=/=)=/=)=/=) MNOPQMNOPQMNOPQMNOPQ ����

N Õ | * $ §� ­ ¬ Œ'å ,5 2 	� ! ¶ f ó ÚH ÝòÞÀp Ú’Ýs

6�77"��8��9�� † G p• Z f ô Ys

...(1) 
T

1
-

T
1

K
Q

exp
T
T

f
f

2max1maxB

n

1

2
3
1

2

1

��

�
�
�

�
�
�

��
	



��
�



´��

	



��
�




D
D

´��
	



��
�



=a

s

põ 7	 ' ö 5 2 i ?±s

IJ 	 ' w K ö s

J÷ �L	 B S ' ö s

������  

· ()*
+,- }  

./0       

1 }  
2  

, }  
3  



 ������  
 

38

M ê ’Ì- 	 ½ � Š � . ª FÓæ• …! ¶ f	� s

N	 < P7 s

. � 	 O u P t i Ú� ���Q÷ ��� s���9���� ÝN } 3 � H t i£ �R ¶ S i­ ò � Y� �
���  ( Count Amedeo Avogadro , 1776 - 1856 )�s

ß i � 	í - • -Ì¢' �Õ | « � # 
 � !i ê� .œe• wx '@AN b Êa •
! � � 'œ s š � l ,5 2 	� Ys

¶ f ó N Èª 	� / 0 £ ¶ f	� ! ,5 2 i! ò � '@Aò s]€ 	� « �
òm j b Ê � � ,5 2 	� « � Û � ¾   �� ¾ ¬�• � Ys

@N �� l ,5 2 	� " T >‹ * $ §� ä %'•j U � 	 ) ‘.. À ,5 2 !
	� ’ '£ 	 ) --.. À ,5 2 ! 	� -'å # P Æ} •. 'ä ¸ � �Qb Ê) '
M � & 	 « � dÊ% A V�� �œ ­ ¬ ŒÕ | ' � � ìV -Ì¢Ys

¶ f ó ­• Z ìV �V-Ì¢ \ -. Cjã! ,5 2 i '@A• Z « � d P ) 3-)’
o --- ¹ Ž É …Í ! � , ¬ Œò � ’‘ Cjã Ys

s s

¾   s,5 2 	� Óæ ’ s s s s s s s s s s s s s s¾ ¬s,5 2 	� Óæ -s

����=/=�=/=�=/=�=/=� RSRTEUPQRSRTEUPQRSRTEUPQRSRTEUPQ ����

-Ì)Ì-Ì’ 	� ˆ � s
tu d j � l ž ü ! :6 • …� B Õ Õ | 'ÐÑ�� �œ ­S ' ÄS

B ;• 	� 'å 23 …† N ' ö  ¡ W' @ö  ¡ô � � Y ±
� :6 • Ò Ï
ã• Ð ! ØQ ;• ' ö Î ü 'yÙ Ô	� ! 23 …† ØN (¡ W'
 ¡ô � � Y 	� …Í ! Z <Û � ¾ ’. �Ys

s

s

¾ ’. S ' S B ;• 	� s

� . Í 4



 

��� ���39

j ¡ 
 X'X B 1 z Ø Í ÌÐ € 	� V :6 • �� ˆ ' 23 …† äo
� “ Y õ! 23 'Ôe Ž É� ” Š3� Æ} '¿j% š âmo � Ú÷��Z �![ Ý
…] ’.. î /! É \ ;• 	� ' ­ d P åÕ7 '…œ 	�� -... î / Ys

-Ì)Ì-Ì- 	� « � s
	� ÉR ² ˜� † ‘(¡ • ((. î /åõ ’ € :6 • >‹ � 7 LW ! ¸

• '.Ù! ¸ • >‹Š.Ð �{ Ô 'IJŠ  ¢- • ¬’. î / ± œG Ð �{
Ô �Rd  >‹ ¸ • Ys

-Ì)Ì-Ì) ¸ • } v s
Z < L ý>‹ ¸ • ­�� ˆ '> È ]^ �— 1 ­– %' 	 y ­ Æ­

�— 1 q _ N 8 F —Ô ' ± ² !8 …Õ7 	� 'Ð ‘ ` " G t 'd P ¸
• � @N ]^ �— 1 – %•^M Ys
]^ �— 1 – %� @! • d 	s

O�� @N�— 1 ¦ JŠS B 23 Q5• '† ö � B ^M FG ' a
b y Z	 � c – Æ• à 'R � # P NŠ @d £ ef È g ‹Œ ! È %23
Q'g× P Ê#>‹ ’• ' � Š.Ù ‹Œ Q 'å & �� � æN h T >‹
¸ • 'œÔe�— 1 >‹ ' _Q ä & ! ¾ � •Š '@A , ²¥�— 1 !
¥¦ä h Ù• ¸ • ij Ys

����=/=/=/=/=/=/=/=/ V6WXYZ[\]V6WXYZ[\]V6WXYZ[\]V6WXYZ[\] ����

¶ f	� -... î / 'âVã• • ¬ Œh Å C 'N)7j• Z ÕÖ ' � V
»   k��"!9 ! < P7Àp �ÛQ � Àp - �s

ò b Ö¶ f ó � a �s

( ) ...(2) 
T
1

-
T
1

.
K
QT

H-HQHexp
21B

2
1

2
2 �

�
	



�
�
�



��
	



��
�



+=a

s

� V@ö s� -Ä � ’ ½ � ¶ f	� / ' � . ª F! @ö � Ys

JV' ö sJ-Ä J’ s½ � ¶ f	� / ' � . ª F! ' ö � Ys

. � VOu P t i Ys

N� Ä NJV� l B ö \ ' ö ! < P7 s

Á VÀp Ú-Ý• Z / ' U �È %!
 _ ' ö N ). WÚ).). Ý¡¡ô � � • Z ô a l
’’’ '@Aô * !« � ä ¶ f	� -... î / 'âVã• • ¬ ŒN -¡ Cjã Y s
	� « � ô W'� / %A �� �œ !óV 23 ' B ö ¥óV ¬ Œ¿þ_ Ø ! Ó
Ô Ys

....� ���/0/0/0/0 s

tu d !M � N¥ 8 3 � �% �œ !óV 23 Ú'@ ö Ýqe � m' c ¬ Œò �*
’‘ Cjã Y
�% A óV�� ˆ !i ` é X ' � %u 5õ •• @N�� ˆ ! ¸ • ^
M � %n zR• �n Ê ' ÓÔ *+ ÔP 'Û7 ¶› å &u 5– � >?ªD!é A�
� 'ÊŽ L† �� ˆ ' � ©S � æÕ\ w�ó '¤ ß ±òŽ Ys



 ������  
 

40

1111� ���23232323 ����

ÎÏ �op� / %A �� � 1	� 3 � 3¡..‘Ú-..¡ � Ýe| '@ ö 	� 	 R Ys

������������ Ž•Ž•Ž•Ž• ����

���  ;• ØQ ' ö 	 ØQ �� �œ G t ;•! þü ' ö Ys

���  Õ7 ØQ ' ö 	 ØQ �� �œ G t Õ7! þü ' ö Ys

���  Øl ' ö 	Šþ3� Æ} Q '7 Ú Øl �� �œ � G t Æ} ! ' ö Ys

���  þü ' ö 	�� �œ Â …þü ! › � ' ö Ys

���  t ' Ä t B 	 ' ö ¡W• )¡ W' @ö ¢¡ô •  ¡ô Î ü { Ys

������������ †‡•‘†‡•‘†‡•‘†‡•‘ ����

----=�=)=�=)=�=)=�=) ^_S6^_S6^_S6^_S6 ����

�� �œþü ! ' ö '( q óV �G eÍÊ �Z 'ÐÑ 
 ; �ops3¡..¢ !Í
Ê'C
 _ ' ö� ô ® † -¡ W' � ; ‡ %%{�� �œ •Š � BÎ ü ! ' ö ¤
Š �’. W•’ (. WÎ ü { Ys

----=�=�=�=�=�=�=�=� V6V6V6V6 ����

�� �œ ! þüZ � @ö '( q óV �G eÍÊ �Z ' � ' ¢.WjQ­•
¥ B ö ãç¤Š ¬.ô • ¬¡ô Î ü { Ys

----=�=/=�=/=�=/=�=/ "`abcd"`abcd"`abcd"`abcd ����

���  óVS ö Š Ÿ r ’-.. À 
 jã Ys

���  þü ' ö Š ¢.Wjã Ys

���  þü !{ 	 \ Z � ' Š �-¡ W\ �’. WjQ Ys

���  %{ B S ' ö Š (. WãQ Ys

���  C
 _ � ' S Ä @ö S Ys

----=�=-=�=-=�=-=�=- PQefghicdPQefghicdPQefghicdPQefghicd ����

���  „ ' vw Æ} N -. W'— � À w N s’¡ WYs

���  B övw Æ} N ‘¡ô '— � À w N s-.ô Ys

���  � t vw Æ} N  ‘ . º � • ’.‘ . º � Ys

������������ ’“Œ•��”’“Œ•��”’“Œ•��”’“Œ•��” ����

' ö 	� !l Ø Û � ½ ’ �• � Ys
l Ø Ú-ÝaV��� �œØl ' ö ­ B ” � Š �’. WYs
l Ø Ú)ÝaV��� �œØl ' ö ­ B ” � Š �-¡ WYs
U s� laV� „ { �œ s
s s su laV� „Z�œ s
s s s� laV� „Z�œ� e GZ ! …Í ] Ë Ys



 

��� ���41

½ ’ s' ö 	� !l Ø s ¹� Ws

” ' 	� s S' 	� s

	� l Ø s
;• Ø s
Q ' ö s

Õ7 Ø s
Q ' ö s

;• Ø s
Q ' ö s

Õ7 Ø s
Q ' ö s

' ö 5 2 	� s

l Ø ’ s s �-¡ s
(.ÚS ' 	� Ýs

¡¡ÚS ' S B 	� Ýs
�-¡ • (. s

� s . s ¡ s

us
¡¡ s ¢.s

l Ø -s

� s
�’. s �’. s

‘. s ¡¡ s

�’. • (. s

� s ¡ s

us
¡¡ s ¢.s

l Ø )s

� s

�-. s
�’. s

‘. s ¡¡ s

�-¡ • (. s

������������ Œ•€RŒ•€RŒ•€RŒ•€R ����

----=-=)=-=)=-=)=-=) S6jkPQS6jkPQS6jkPQS6jkPQ ����

s š ' ö ã =	� / '�� �œ ¤ H ò7ó­ § B�â ‚ óV Æ} 'Š3
� Æ} � ' ö ã = 
 æ²×j e Í ' ± ² & Ê �	 ­ ' ö Ys

----=-=�=-=�=-=�=-=� lSPQlSPQlSPQlSPQ ����

s š ” ' 	� / '�� �œ Šþ3� Æ} Q' þü ' öst ' Š ). z v j
­ ww Q > 9 ½ ) ÍÊ;• ØQB ” ' ö ' ± ²ŠÍÊ ' ö ! s)WÎ ü { Í e
- î / ' N 3�d P ;•ä ¼ G t Ys

NÀ y�� �œ Šþ3 � Æ} Q ' þü ' ö Š ). z v j ­ ww ã = 9 ½ )
ÍÊ­Õ7 ØQ ­ B ” ' ö Y ± ²ŠÍÊ ' ö s)WÎ ü { e Í - î / N 3� s
šÕ7 	� Ys

----=-=/=-=/=-=/=-=/ RSPQRSPQRSPQRSPQ ����

s šS ' 	� / '�� �œ Š3� Æ} Q' þü ' öst ' Š ). z v j ­
ww ã = 9 ½ ) ÍÊ;• ØQB S ' ö ' ± ²ŠÍÊ ' ö ! s-WÎ ü { Í e ’
î / N 3�;•ä ¼ G t Ys

NÀ y þü ' ö Š ). z v j ­ ' ww Q > 9 ½ ) ÍÊ­Õ7 ØQB S ' ö
s-WÎ ü { Í e ‘ î / ' N •Õ7 	� Ys



 ������  
 

42

----=-=-=-=-=-=-=-=- RSRTPQRSRTPQRSRTPQRSRTPQ ����

s šS ' S B 	� / '�� �œ Šþ3� Æ} Q' þü ' öst ' Š ’Ì¡ • -Ì¡
î /{ ww ã = 9 ½ ) ÍÊ;• ØQB S ' ö 'A/•¥ B ö µ Ù Š  .ô • ’..ô
�	 ­ ' ö 
 æ² ØÙ A ' ö Š s-WÎ ü { � ’. î /./•¥ B ö µ Ù Š
¬¡ô • ’..ô 'œ²•¥ B ö KN  .ô • ’..ô ' þü B ö� Š ) î /{ ww Q > 9
t ' •�	 ' ö 
 æ² x ã ‚ “Õ7 	� Ys

----=-=.=-=.=-=.=-=. S6NOPQS6NOPQS6NOPQS6NOPQ ����

s š ' ö 5 2 	� / 'y�� �œ Šþ3� Æ} Q 'å þü ' ö
½ ) Í
Ê Øl ' öB S � ØÙ ). z v jã ' ± ² N 
B ” ' öØÙ ). z v jã 'Û
A 5 2 ¡ À ' B ² L " 9 t ' ² x ã ‚ “Õ7 	� Ys

----=-=,=-=,=-=,=-=, %mPQ%mPQ%mPQ%mPQ ����

ÐÑ�� �œ Â …Š%{R% Z ­��{ 'ÛóV � þ_ Ø ÍÊ � • 'ò
j �‚ “} × 	� Ys

Û � �e‚ “} × 	� / '�� �œ�e ŠóV Æ} R.È Æ} Q ‚ “ '
} × 	� ² x ã ‚ “Õ7 	� Ys

----=-=+=-=+=-=+=-=+ noPQnoPQnoPQnoPQ ����

�� �œ �;• Æ} e Í � � \ �{ '�{ ' ö —� À w N s-W' st '
ÉR Š ’Ì¡ • -Ì¡ î /{ã = 9 (. WR 9 ñ Í ®­ ' ö '•¥ B öØÙ Š
 .ô • ’..ô Î ü { '�{ y Ì•ÍÊ! CD Râ ‚ óV 23 ! CD ' y Ì CD `
Þ Ô z � £ b ^ © 9 ñ Í ®­ Y CD 	� d ) 'ö ± ‚ “Õ7 	� \ � � t 	
� Ys

----=-=�=-=�=-=�=-=� pqi2PQpqi2PQpqi2PQpqi2PQ ����

¦ J3� 	� ! þü ' ö \ ¦ J3�/ 0 ¶› � ½ - � {| Ys
¦ J3� 	� e d P �� �œ Š ¦ J3�/;•þ x t Ys

� ½ - � ¦ J3� 	� Óæ s

› I s � s us

þü ' ö s t ' s
½ ) •ÍÊ­;• Ø

Q ' öB S � s

¦ J3 �/ 0 s ¢  î /jã s -. î /jã s

45454545 67676767 ����

’Ì  } / %A V�� � 1 ~ � æÕ Õ | ~ u d ����"�• sp���Z s€ s8��k"�� • s-..¢Ì ‚�� Ys

-Ì  �op } / %A � �� � 1 � 	� 3 � 3¡..‘Ú-..¡ � ÝYs



 

��� ���43

���������	
��
����������	
��
����������	
��
����������	
��
� ����
Research into improving the electric locomotive propulsion system�

 
� ª ƒ  HSU, Tiao-Tai1�

 
�� 	  10041
���
�� 3 � 5 �  

Address	 5F., No.3, Beiping W. Rd., Zhongzheng Dist., Taipei City 10041, Taiwan  
 

�� 	� 02� 2381-5226 EX 3601 
  Tel	� 02� 2381-5226 EX 3601 

 
���� 	 � ) ¬¬¡. „ ÷ 9�Ì� � Ì•�…Ì�†s s

   E-mail	 tr389950@msa.tra.gov.tw 

�

�������� ����

 ë ��³´�� '� 83 C 0S ´ì Ô b ‡ p � %'åõ � % 64 A Ä-

% 336 A ' ¯ • 400 A Y O Í © ˆ �È v � � À l � È­qÛ N È v MOBIS
À l � å ¸ b ^-% ' m q U.C.W À l b ^ � %%H 'œ � %; ‡ \ Ž É o
p� Þ ‰Äc á À l GEC ALSTHOM� È­qÛ N ALSTOM À l � å ¸ Y b
‡ p � PUSH-PULL� � %� WÜ P-P � %�N
 ë ��³´� � W-5­ O
‡ %l ' u 5 £ � ñpN Š ² � Ð A � %�; ‡ %�' õ 0 E Í þ; ‡ -% 12
A •Š ² � %•‚ è E kª ‡ n' Š � -%“ Y • ²ñ � %�² ¦� %� å ¸
k b n� PUSH�' Š ñ � %�t+ � %� å ¸ k ‡ n� PULL�Y  

P-P� %7 '� 85 C ¶ Ì
�� u 5 'ö@ �ž� • � • Ä � ‹ \ "P �
n ' Œà� %Û ‹ ¸ • ' 1 ! ÓÔ 
�� ŒF Ytu d ƒ « ¥ b ‡ p � %; ‡
op ­
 • � Ž 1� FL/TFL�•>‹­ ¸ • …“ •Ž • ¿u � ò“­K ~ ñÖ '
jŽ > ” b ‡ p � %b …op ­ ¸ • æi YtñÖ R º « ¥† í C C ¸ • Ò }
…zv ' j ª>‹ b …op¸ • ­ O�� @'jA•NK ~ 
� 'Aöt À7
“u d K ~ ­ � Þ Y  

Abstract 
TRA purchased push-pull trains in 1994, buying 64 locomotives and 336 

carriages. Hyundai precision & Ind. Co., Ltd. (Now called Hyundai Mobis) was 
responsible for manufacturing the passenger carriages and U.C.W of South Africa 
was responsible for making the locomotive bodies. The power systems and control 
systems were made by Anglo-French company GEC ALSTHOM (now called 
ALSTHOM). Push-Pull trains (P-P trains) are TRA’s main force long-distance 
passenger trains. Used in operations by TRA, they are made up of 12 non-powered 
passenger carriages with an electric locomotive at the front and back. The front and 
back locomotives haul the carriages. The locomotive at the back pushes while the 
front locomotive (the main engine) pulls.  

The P-P trains have been in service since 1996, however because of design 
faults, poor workmanship and inferior materials used, the responsibility of the 
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manufacturers, the trains frequently break down, seriously affecting TRA’s image. 
In this paper the break down of FL/TFL in the train power system is examined and a 
feasible plan to reduce P-P train propulsion system malfunctions is put forward. 
Firstly the type of fault over the last few years are analyzed to identify the main 
reasons for propulsion system malfunction and this is used as the basic for 
improvement. 
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…! ¿ ˆ N �� 'tÖzN Ü 	 R z Ø g Þ Í ©b ^ !@ � Ä… � ¥ ñ '¿Â � …
� E1064� %Y © Ž � ‡Í —Y Û (M æ� Ä  )'AŽ 0 c � h À £ ž© é AŽ ¬
� ˆ � • † G Ä£âH 4q Ä ‚� Ä & 	 ÈÈ (¾ 7) (¾ 8)(¾ 9)' d � 96 C 10 “
28 ±ß M 	 %'•| & 	 wxÛQ � ½ 1�� ½ 2�� ½ 3�Y  

  
¾ 7 !@ � K^ Š                 ¾ 7-1 K^ Š !… � &  

 

¾ 7-2 @Ó¿ ˆ K^ Š  

  
 ¾ 8 !@ � K^²                     ¾ 8-1 @Ó¿ ˆ K^²  

 

���� �
� �

��	

���� �

�
���
����� �

����
��� �

���
�� �

����
� �
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¾ 8-2 …� ¥ ñ K^²  

 
4.3.18b � @˜ !@ � & 	 « � 	  

      Š 1800P» t ‡ Q' @` � N 1.95 CMp'54� L N 11»Y  

4.3.2� !@ � Š•.! É Ê � & 	 « � 	  
     Š 1800PA,t ‡ Q' @` � N 1.85 CMp'54� L N 10.3»Y  

4.3.38 Ä Œ@� ­ & 	 « � •B •� e @� N EÖ Ò p'å @˜ "P m × '•¥!
@˜ ! › � —Ã à î •8 @˜ ìV ¸ b ' @` à X'54� L�à N „ SYs

4.3.4@/ op ­K ~ —…@op L ? Y (ØÙ N @� ' ÚÙ N… @¥ ñ \ ¤ Û Ä Ü
Ù N › � L ? ) 

 
 

����
��� �



 ������  
 

50

8 ! @& ‘ Ã • Z 	@N 8 ! @& { ¿ e> , ” '#ÆSÌ @' ö ' �
e� Æ¶ T , @` S 7 �* � e¾ � Y  


�� PP� %Š � x � � Ž 1 T , @� K^  

1.]î / � , `  30KW  

3 @`  

Qh=30KW*860/(0.29*(40-25)*3600)=1.6CMS 

2.]î / � , `  30KW  

3 @`  

Qh=30KW*`860/(0.29*(40-29)*3600)=2.2CMS 

3.› � ­Ê t ò , Cp=1.0035Kj/Kg-K=0.24Kcal/Kg-K 

4.> , ` H(Kcal/Hr)=MCpÝ T=pQCpÝ T  

5.3 @` :Q(CMM)=H/pQCpÝ T*60=H/0.29*Ý T*60 

8 ! @& ‘ Ã • Z : 
@ ` • • 2.2CMp Þ2 
 =4.4CMp• É & ‘ Ã :1.65) Þ0.95¡ ß 1.6¬Þ

0.955–0.319Þ0.35=3.08M
�� É & � Í¶…� à¸ ò Í p ¥ ñ \ 60%É & ó ­

¤ Û ' ¸ • Z ª Ñ É & @f N 2.4 M/S � FóV '… @@f¨ ò Ž ÉŠ  
2.5M/S j{'ò}  × z E � Ì Y 8 @� ! t % '@ op Ì @& e X\ À
Á p ¥ ñ ! Õ (' ‹ •ò > ” 1100PA! t ‡ 'œ 8 ÆÌ & ¥ ñ ,hÆ ¶ 50PA
! t ‡ .¸8 @� !Õ7• 750P»Ä 2.2 CMpYj 8b @� !Õ 7' ˜ Š 55HZ
!4 f � ò � * Y  

¸ GHœ � 4 f ò �º µ ” ' ˜ 3200RP8 '� L `[ ò µ” 9 9» áâ
� [ ‹ Ö ò > 2 z ã j ­ Y  

4.3.5rstBuvwxPrstBuvwxPrstBuvwxPrstBuvwxP ����   

Šâ ‚ Â …²'• �Èª & 	ª G @` X î ' ª G! !� Û Q	  
4.3.5.1T , • • ­ @` � ' ª G 4 Û1 ! Û ó j Ž É @� 4 f ' �* â ‚ •

•� . (@` £ @� 4 f !Ð À ñM G ò ---@� Ê ä ) 
4.3.5.2 @`� ò† X'j}  …@& ! × z � Ì'ÐÑ• Ž ÉŠ‘ @f

2.5-2.7M/S�× z � # E � ÌY  

K^² ž { å } & 	 	  

  
¾ 9 › � L ` & 	                        ¾ 9-1 áâ& 	  
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  ¾ 9-2 � Ì ×` & 	  

½ 1  K^ Š !@ � ! â & « �  

 

 
¾ 10 @` ¥ åt \ � Î 6­ æ| ¾  
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½ 2 K^ Š & 	 i �  

K^ Š �� ` S � 14� CMS�' „Z áâ S � 102� dba�' TM ª @&Û ó 66hz/
B ”@ f N 16.3� M/SY�  

 

E1064  
& 	 › I  

4 f (Hz) 
÷ 1 !@ �  ÷ 2 !@ �  

30(1800RPM) 5.3 5.7 

50(3000RPM) 9.6 9.5 

60(3600RPM) 12.1 13.0 

66(3960RPM) 14.0 13.2 

30(1800RPM) 5.4 5.6 

50(3000RPM) 9.6 9.6 

… 
�  
&  
@ 
f  

(m/s) 

66(3960RPM) 14.0 13.3 

4 f (Hz) 30(1800RPM) 50(3000RPM) 60(3600RPM) 66(3960RPM) 

#1BM 6.5 8.8 12 15.7 
�  
L  
(A) 

#2BM 5.5 9.2 12 16.2 

#1BM 91 94 88 99 

#2BM 84 85 87 95 

l � ¿  68 69 75(š  | ) 71 

õ 0  68 68 77(š  | ) 72 
l
�
„  

»´ ¿  67 68 76(š  | ) 70 

1  82.3 93.1 95 102 

á  
â  
�  

(dba) 

„Z  
2 82 92.3 95 101 

#1 7.4 12.1 14.9 16.5 

#2 7.1 12.2 14.9 16.4 

#3 7.4 12.8 15.7 18.4 

TM 
ª  
@ 
&  

( m/s) #4 6.9 12.2 15.1 16.3 



 

��� ���53

½ 3 K^² & 	 i �  

 
K^² ��@ f N 2.4(CMS)Yáâ � K^² 86.6(dba) YTM ª @f K^² B ” 17.6

� M/S�' å å } & 	 i � ¸ �K^ Š Y  
å } & 	 ²­i � D È K^²M¾ ¸ �K^ Š 'u d î � � Ê ‚ “; } & 	 j q …

Ð 	 ) } K^²­M¾ Y  

E1064  
& 	 › I  

4 f (Hz) 
÷ 1 !@ �  ÷ 2 !@ �  

30(1800RPM) 0.8 0.7 

50(3000RPM) 1.5 1.4 

60(3600RPM) 1.6 1.6 

66(3960RPM) 2.4 1.9 

30(1800RPM) 0.9 0.9 

50(3000RPM) 1.6 1.7 

… 
�  
&  
@ 
f  

(m/s) 

66(3960RPM) 2.4 2.0 

4 f (Hz) 30(1800RPM) 50(3000RPM) 60(3600RPM) 66(3960RPM) 

#1BM 6.4 8.9 12 15.5 
�  
L  
(A) 

#2BM 6.4 9.1 12 15.8 

#1BM 90 97 100 113 

#2BM 85 94 97 102 

l � ¿  69 71.4 71 75.4 

õ 0  69 71.4 72 75.4 
l
�
„  »´ ¿  68 70 71 74.4 

1  74 77 78 86.6 

á  
â  
&  
	  

(dba) 

„
Z  2 74 79 82 83 

#1 7.1 11.9 16 17.6 

#2 7.9 13.7 17.4 18.6 

#3 7.3 12.5 15.6 17.9 

TM 
ª  
@ 
&  

( m/s) #4 7.4 12.9 15.7 17.6 
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P-P Y?¢£Y�¤¥•Ÿ¦§¨©¡Œ-.Y?¢£Y�¤¥•Ÿ¦§¨©¡Œ-.Y?¢£Y�¤¥•Ÿ¦§¨©¡Œ-.Y?¢£Y�¤¥•Ÿ¦§¨©¡Œ-. (ª«¡Œª«¡Œª«¡Œª«¡Œ ) 

1����yWz{yWz{yWz{yWz{  

÷ 1Ä 2 4 ? T� Ž 1 \ Š � x � ­ T , !@ � Þ% ¿ T§ …� 'å… � L ` �
14CMS'ŠQ A œ/' A ×T§ Þ% ¿ …� & · Ì� Ž 1 \ Š � x � '^M� Ž 1
\ Š � x � ø Ä – Æ¸ • 'NK ~ AÐ 1 !� • \ å ' � !8 Í � � •Þ%H „ {
…� '¿K^•|%H �œ Y  

2����xP|[xP|[xP|[xP|[  

 N ¦ } \ òm K^ Š Ä²­ T , @` (à @ÓÕ …¿ç ­… � & Ä Š � x � T
, ª @& ` )Ä !@ � x � � � _Õ ' ‚ “t & 	 Y  

3����xP}|xP}|xP}|xP}| ���� Û ½ 4~10• � Y  

4����xP~•xP~•xP~•xP~• ����  

1Ä  � L èé 	 TES 3050 

2Ä  áâ • 	 Lutron SL-4001 

3Ä  @` é 	 PROVA  AVM-03 

4Ä  @ö • 	 @öß � é  

5Ä  ' ö • 	 × ê' ö •  

5����xP€•xP€•xP€•xP€• ¬¬¬¬ 96 C 10 “ 22 ±   

6����xP‚ƒxP‚ƒxP‚ƒxP‚ƒ ���� ëì í Ä� 
 î  

7����xP„…xP„…xP„…xP„… ���� Û ½ 4~10• � Y   



 

��� ���55

 

   ½ ¢  P-P � %  E1064 !@ …� & K^ '@ öÅ Ï  96.10.23 m Q   

Æƒ    * ;  54õ  54õ  54õ  54õ  54õ  54õ  54õ  œý  

& 	 / 0  
& 	 � Í  12:30 13:24 14:30 15:00 15:26 16:10 17:30 18:35 s  

„Z X � ' ö  28.8         

ACE Š (/  28 34 37 37 37 36.5 36.5 34.5  

O4 t 1 Š (/  27.5 34 35 34 35 33.5 34 31  

ï é ; ‡ � Š  27 34 34 33 34 33 32.5 30  

ï â @Ó …� &  28 34 34 34 34 31 32 30  

� ˆ „ ² ›0  28 34 34 35 35 33 33.5 30  

ACE Š @ö  64 46 38.5 41 40 42.5 46 52  

ACE Š ' ö  29 34 37 36 36 36 36 33  

ï â @Ó � ¥ ñ …
� @ö  

66.5 45 42.5 48 46 52.5 54 62.5  

ï â @Ó � ¥ ñ …
� ' ö  

28 36 37 34 36 33.5 34 31  

� ˆ „ @ö  62 44 40 42 43 50 53.5 61.5  

� ˆ „ ' ö  29.5 34 35 34 36 33 33.5 31  

& 	 � �  �r  op  •ž  � �  ,-  � �  ð õ  � £   
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½ ¡ s sº�º s� %s3’.‘¢ s …� & '@ öÅ Ï   94.10.24  �ã   

Æƒ    * ;  54õ  54õ  54õ  54õ  54õ  54õ  

            78 ()  
78 p»  8.50 9.32 10.30 11.28 12.27 13.32 14.30 

„Z X � ' ö  27.8 
s  s  s  s  s  s  

ACE Š (/  33 38 41 44 46 43 45 

O4 t 1 Š (/  35 38 43 45 45 45 45 

ï é ; ‡ � Š  33 37 41 44 44.5 43 43 

ï â @Ó …� &  31 40 42 45 48 46 45 

� ˆ „ ² ›0  35 42 44 46 50 48 45 

ACE Š @ö  59 48 39 34 34 37 33 

ACE Š ' ö  29 34 37 36 36 36 36 

ï â @Ó � ¥ ñ …�
@ö  

63 45 42.5 48 46 52.5 54 

ï â @Ó � ¥ ñ …�
' ö  

28 36 37 34 36 33.5 34 

� ˆ „ @ö  59 44 40 42 43 50 53.5 

� ˆ „ ' ö  s 30 33 35 35 36 34 33.5 

& 	 � �  S I  � �  8uŠ  ( { Š  i ± Š  ,-  õ �  
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½ ‘ s sº�º s� %s3’.‘¢  …� & K^ L ` \� L Å Ï   94.10.23  m Q  

& 	 ‹ƒ  30Hz 50Hz 66Hz ¹�  
/ f  KPH 0 50 100 120 0 50 100 120 0 50 100 120 s  

#1  1.9 3.0  1.7 1.7 1.6   1.8 3.0  m/s 

#2  1.8 3.0  1.8 1.8 1.6   1.9 3.0  m/s 

#3  1.8 2.5  1.7 1.8 1.6   1.8 2.5  m/s 
Š � x �  

#4  1.8 3.0  1.8 1.8 1.8   1.9 3.0  m/s 

#1 BM 5.7     8.5     15.2  A 
!@ �  

#2 BM 6.0     8.5     15  A 

 

½ ( s sº�º s� %s3’.‘¢ s …� & K^ L ` \� L Å Ï s s¬‘Ì’.Ì-¢ s s �ã s 

& 	 ‹ƒ  30Hz 50Hz 66Hz ¹�  
/ f  KPH 0 50 100 120 0 50 100 120 0 50 100 120 s  

#1  1.9 3.0  1.8 1.8 1.6   1.9 2.5  m/s 

#2  1.8 2.5  1.8 1.8 1.8   1.9 3.0  m/s 

#3  1.8 2.5  1.7 1.8 1.6   1.8 2.5  m/s 
Š � x �  

#4  1.9 3.0  1.8 1.8 1.8   1.8 3.0  m/s 

#1 BM 6.5     9.0     15.9  A 
!@ �  

#2 BM 6.1     8.8     16.8  A 

s

½   s sáâ& 	 s s m Q s

÷ â !@ � x � ²
ñ (/  

÷ é !@ � x � ²
ñ (/  

l �h � Í  
 

� Í  
s  

%f  
50 100 120 50 100 120 50 100 120 s dba 

30 97.5 97s 95s 94 95s 98s 74s 73s 77s s dba 
50 96 97.4 97s 94.2 95 97s 74 73 74s s dba %� 1064 

66 97s 97s 99s 94 103 99s 75.6 75.4 80 s dba 

áâ& 	 s s �ã s

30 97s 97s 97s 94s 95s 98s 73s 74s 77s s dba 
50 95s 98 98 96 96.5 98s 74s 73 79.6 s dba %� 1064 

66 96s 97s 103 97 97s 102 75.6 77 79 s dba 
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½ ¬s sE1064 ¥ ñ …� z ñ  

m Q   ² ¦ %   s 96.10.23 �ã    Š � %s 96.10.24 

£ �  ���  ��  ���  / f  4 f  £ �  ���  ��  ���  / f  4 f  
8.7 4.8 0.9 0 4.4 9.7 

7.0 2.5 0.3 0.6 2.0 8.4 ï 1 

5.5 1.0 0.3 

112 66 Hz ï é  

0.6 2.2 7.6 

120 66 Hz 

8.1 4.4 1.3 0 3.2 8.9 

5.4 2.4 0.1 0.5 1.2 7.7 ï 2 

5.2 1.7 0.2 

112 66 Hz ï â  

0.5 1.4 7.0 

120 66 Hz 

6.5 4.0 1.3 0.1 4.6 10.0 

5.4 2.0 0.4 0.2 1.9 7.8 ï 3 

1.6 1.3 0.1 

112 66 Hz ï õ  

0.4 0.7 7.4 

120 66 Hz 

7.1 2.7 0 0.1 4.6 9.1 

5.7 1.4 0.3 0.6 2.0 8.1 ï é  

4.7 1.0 0.2 

112 50 Hz ï é  

0.1 2.0 6.7 

120 50 Hz 

5.3 3.5 0.8 0.1 3.1 8.5 

4.6 1.7 0 0.3 0.5 7.3 ï â  

4.6 1.4 0 

112 50 Hz ï â  

0.1 0.7 7.1 

120 50 Hz 

5.6 2.8 0.1 0.1 3.4 9.1 

5.3 1.7 0 0.9 1.7 8.8 ï õ  

5.0 0.9 0 

112 50 Hz ï õ  

1.1 0.6 8.3 

120 50 Hz 

s

½ ’. s	
��  
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P-P Y?¢£Y�¤¥•Ÿ¦§Y?¢£Y�¤¥•Ÿ¦§Y?¢£Y�¤¥•Ÿ¦§Y?¢£Y�¤¥•Ÿ¦§ ­­­­©¡Œ-.©¡Œ-.©¡Œ-.©¡Œ-. (ª«¡Œª«¡Œª«¡Œª«¡Œ ) 

1����xP€•xP€•xP€•xP€• ���� 96 C 10 “ 27Ä 28 ±  

2����xP†‡xP†‡xP†‡xP†‡ ���� é A �  

3����xPfˆxPfˆxPfˆxPfˆ ���� �r ~S I  

4����xP~•xP~•xP~•xP~• ����  

1Ä L ` • 	 PROVA  AVM-03 

2Ä ' ö • 	 × ê' ö •  

3Ä� L èé 	 TES 3050 

4Ä @ö • 	 @öß � é  

5Ä áâ • 	 Lutron SL-4001Ä KANOMAX 4001 

5����xP�‰xP�‰xP�‰xP�‰ ���� E1064(X : ž )Ä E1049(S I ž Ý•  Š � 15 A -%  

6����xP„…xP„…xP„…xP„… ���� Û ½ 11~23• � Y  



 ������  
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@Ó ¤ Û Û …� & @` \ !@ � x � � L  
 

½ ’’ sm Q  

& 	 ‹ƒ  30Hz 50Hz 66Hz œý  

/ f KPH 0 50 100 120 0 50 100 120 0 50 100 120 ¹�  

#1 @Ó &  1.2 3.4     6.5    7.3  M/s 
E1064 

#2 @Ó &  1.2 3.0     6.6    5.4  M/s 

#1BM 5.7 5.8     8.5  8.9 15.3 15.2  A 
E1064 

#2BM 6.0 6.1     8.5  8.6 15.8 15  A 

½ ’- s �ã  

& 	 ‹ƒ  30Hz 50Hz 66Hz œý  

/ f KPH 0 50 100 120 0 50 100 120 0 50 100 120 ¹�  

#1 @Ó &  1.2 3.4     6.4    7.2  M/s 

E1064 

#2 @Ó &  1.2 3.0     6.5    5.3  M/s 

#1BM 6.5 6.6     9.0  8.9 15.9 15.3  A 

E1064 

#2BM 6.1 6.2     8.8  8.9 16.8 16  A 

 

½ ’) s � Ž 1 FL B S ' ö � 
  

& 	 � Í  ÷ 1 4 ? T FL ÷ 2 4 ? T FL œý  

B S ' ö  48.5 44.5 W 
E1064 

B S ' / 0  �ã 13:04 �ã 13:03  

B S ' ö  40 47.5 W 
E1049 

B S ' / 0  �ã 13:08 �ã 13:08  
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� ˆ „ ' ö \ @ö -E1064 

½ ’¢ sm Q  

�� ! �
��"# �

12:30 13:34 14:30 15:00 15:36 16:10 17:30 18:35 ¹�  

„Z X � ' ö  33        W 

ACE Š (/  34 34 37 37 37 36.5 36.5 34.5 W 

O4 t 1 Š (/  33 34 35 34 35 33.5 34 31 W 

#2 ; ‡ � Š  32 34 34 33 34 33 32.5 30 W 

#1 @Ó …@&  33 34 34 34 34 31 32 30 W 

� ˆ „ ² ›0  32 34 34 35 35 33 33.5 30 W 

ACE Š @ö  64 46 38.5 41 40 42.5 46 52 W 

#1@Ó � ¥ ñ …� @ö  66.5 45 44.5 48 46 52.5 54 62.5 Ë  

� ˆ „ @ö  62 44 40 45 43 50 53.5 61.5 Ë  

& 	 � �  �r  op  •ž  � �  ,-  � �  ð õ  � £   

½ ’¡ s �ã  

�� ! �
��"# �

09:00 09:35 10:30 11:30 12:40 13:35 14:35 œý  

„Z X � ' ö  34 33      W 

ACE Š (/  33 35 37 38 38.5 37 38 W 

O4 t 1 Š (/  32.5 34 34.5 36 36 35 35 W 

#2 ; ‡ � Š  32 33 33.5 35 35 34.5 33.5 W 

#1 @Ó …@&  32.5 33 34 34 34 33 33 W 

� ˆ „ ² ›0  33.5 33 34 35 35 34 34 W 

ACE Š @ö  60.5 54 48.5 46 46 57.5 44 W 

#1@Ó � ¥ ñ …� @ö  65 52 50 49 46.5 53.5 46 Ë  

� ˆ „ @ö  56 52.54 50 48 47 52.5 46 Ë  

& 	 � �  S I  � �  8uŠ  ( { Š  i ±  ,-  õ �   
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áâ ` &  

½ ’‘ sm Q  

÷ 1 !@ � x �  

²ñ (/  
÷ 2 !@ � x � ²

ñ (/  
l �h � Í  œý  

 
� Í  

         
 
        %f  
 %�    4 f  

50 100 120 50 100 120 50 100 120 kph 

30 97.5 96 98 94 95 97 73 74 76 dba 

50 96 97.4 99 94.2 95 97 74 73 75 dba E1064 

66 97.5 104 103 94 103 102 75.6 75.4 76 dba 

½ ’(  �ã  

÷ 1 !@ � x � ²
ñ (/  

÷ 2 !@ � x � ²
ñ (/  

l �h � Í  ¹�  

 
 

� Í  
         

 
%�    %f

4 f  
50 100 120 50 100 120 50 100 120 kph 

30 96 97 99 94 96 99 73 74 74 dba 

50 95 98 97 94 96.5 98 72 73 73 dba E1064 

66 97 99 103 98 100 102 74 77.2 75 dba 

½ ’  sŠ � x � ' ö � W�  

       � Í  
 
%�  

1 2 3 4 œý  

E1064 
3 & 1  

x t  

63.5 

(13:04�ã ) 

60 

(13:04�ã ) 

59.5 

(13:04�ã ) 
W 

E1049 
3 & 1  

x t  

56.5 

(13:08�ã ) 

56.5 

(13:08�ã ) 

59 

(13:08�ã ) 
W 
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E1064¥ ñ …� & @`` & � � cms�  

½ ’¬ sÛ ó 66Hz'/ f 112kph-m Q  

#1 #2 #3 

8.1 4.4 1.3 8.7 4.8 0.9 6.5 4.0 1.3 

5.4 2.4 0.1 7.0 2.5 0.3 5.4 2.0 0.4 

5.2 1.7 0.2 5.5 1.0 0.3 1.6 1.3 0.1 

½ -. sÛ ó 50Hz 

#1 #2 #3 

6.0 3.3 0.8 7.1 2.7 0 5.6 2.8 0.1 

4.6 1.7 0 5.7 1.4 0.3 5.3 1.7 0 

4.6 1.4 0 4.7 1.0 1.2 5.0 0.9 0 

½ -’ sÛ ó 66Hz'/ f 120KPH-�ã  

#1 #2 #3 

0 3.2 8.9  4.4 9.7 0.1 4.6 10 

0.5 1.2 7.7 0.6 2.0 8.4  1.9 7.8 

0.5 1.4 7.0 0.6 2.2 7.6 0.4 0.7 7.4 

½ -- sÛ ó 50Hz 

#1 #2 #3 

0.1 3.1 8.5 0.1 4.6 9.1 0.1 3.4 9.1 

0.3 0.5 7.7 0.6 2.0 8.1 0.9 1.7 8.8 

0.1 0.17 7.1 0.1 2.0 6.7 1.1 0.6 8.3 

½ -) s	
��  
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����� ���/JCD/JCD/JCD/JCD KKKKLM,NLM,NLM,NLM,N OOOO  
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Abstract 

Electric motors often use mechanical braking, a method that is highly reliable. 
However, subway carriages brake frequently and using a mechanical braking 
method alone results in high costs.   

This paper is mainly an examination of the subway carriage regenerative brake 
circuit, first introducing the structure of the subway power supply system and 
explaining its functions and design principles. MRT system load is divided into 
stationary station load and dynamic load as the train moves. The former is fixed and 
easy to measure, however, the carriage load changes according to the properties of 
the network and difference in headway and consumes 60-70% of the total power 
consumed by the subway system. The power consumption of the electric braking 
system and pure friction braking during start up, acceleration, coasting and braking 
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were measured, the effect of regenerative power consumption on the power supply 
system and vehicle were examined and electric braking situation and power 
regenerative voltage analyzed. Various complementary systems are proposed to 
increase the regenerative power recycling rate and reduce energy waste.  

Key words: Regenerative brake, load, power recycling. 
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Examination of the process of promoting railway vehicle 
remoulding and reducing unused material improvement�
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Abstract 
Traditionally the enterprise approach to value chains has been to vertically 

integrate whatever could be vertically integrated, including all value creation within 
the value chain. However, after the core competency became widespread enterprise 
found that their core capability was not in a vertically integrated industry suited and 
the benefits of vertical integration are limited. In management, industries are as 
separate as if there were mountains between them. With the loss of “Economies of 
specialization”, plus the increased efficiency of the market and lowering of trading 
costs,  the result is that vertical integration is no longer popular and reducing the 
level of vertical integration has become the fashion. Vertical division of labor is 
popular. Today’s thinking is don’t vertically integrate when it is possibly to not 
vertically integrate. 

If internal control review, and cost lowering measures are strictly and 
permanently implemented, then unused idle and waste materials can also become 
gold. The residual value of all kinds of freight and passenger cars can be effectively 
utilized to develop improved cars that meet TRA’s requirements, creating new 
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opportunities and revenue for TRA! 

Key words: Value chain, core competence, unused material, residual value 
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Abstract 
Based on visits to First Avenue Tokyo Station, Otaru Museum, Omiya 

Railway Museum and Umekoji Steam Locomotive Museum this paper sums up the 
key success factors and useful points in land development for use as reference when 
TRA develops station land, railway museums and established and TRA formulates 
asset management strategy in the future. 

Key words���� First Avenue Tokyo Station, Railway Museum, land development 
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J�����8 ���������������� �
JKLM 8NJ �
OPQ9 8RSTUVWXYZ[ �
Q9�	 8\]]^\ U_`�ab_cdX e H f g�
Q9
� 8h]ijiekllkf^�
m����	8noopqrrssstuvwxsvytz{|tos �
G����}8UW~•G€•‚ƒ �
OP„K 8�…†‡ lk ˆ ]l ‰�
ŠJ„K 8�…†‡ fi ˆ \] ‰�
P����‹8ŒP h
�•�Ž••‘’UWm“ j�
”����•8–U— i]] 3�
˜™š` 8�
���  ‡›œ•žŸš` �

�	 \]^kf U_`žŸX i]l H \ g�� ¡¢8h]ijif\k]i]£�
‡›mXœ• 8noopqrrssstz{|¤{{¥¦t§{¨tos �

���  ©ª�«¬­ hnoopqrrsssts®¯v¯¤{{¥¦t§{¨tos j�
�	 8^]]^i U�`�b�°X ± H��� ¡¢8h]^jiii±]ee]�
�

²³´8i]]fi]]]i]� µ¶¶´8\]\\·±kf]�
¸¹º»¼½ 8RSTUVWXYZ[ �
¾œ¿ÀÁÂ¼Ã �ÄÃÅTÆÇ•T()} �ÈÉÊ¸¹º»¼½œËŽÌÇÍ¼ %





 

  

�…ÎÏU�4 \££± H•Ð45Ñ–ÒÓÑ �
#ÏÔ–Ò[OPÕÖ•Ð[PU�4 \]k\ H�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 

�
�
�
�
�
�
�
�
�
�

µ¶¶´8\]\\·±kf]�

�
GPN	 2005200020    

”• 8–U— i]] 3�



 

 

�������
  ��

���		

����
��
����
���
��������
���������������

��������� 
 

98 

9 


