
�

� � �
� � �

��
�	
���� � �

� � � � �

� �
�

� � � � �
� � �

� � �
� � � � �� �
� � �

� �
�� � � �

� �
� � �

� � � ��
� � � � �

� �
� �

�
� � �

� �

� �

����

�� � �  !�"#$%��&'
( ) !�"#��*+,-./ 012

�� � �  !�"#$%��&'
( ) !�"#��*+,-./(!3456��

78�9:; <= >?=@
ABCDEF:=GHIJK LM/6 N

��AB=OP �&QRSTU ABV W E�O XYT Z R[\@
]^_< `a (F:^b cc N de�f V g XV hi�f:�T

jkl�mnRYT o pqrs. NW o oqr= NjRt �f:�TEuv�f
qr E�O R_TABV <= 8w :�T x <fR?yyz{| oqr
9 �{RoqrR_TAB= }a@ U ABRV~ >��@�{f>� c= �

ABXYT �!�(!�(!��� = �EF: � �=��R O� �=AB
��: �&QRSTU AB=��8 =��@��{fT �{R oqr= �

�T9RV oqrR_TAB�=CD@ � @ � GHt =��@��f&Q�=��
�XYT @>y>y��>�E�O ?YT �l

�� � �  !�"#$%��&' 8t F:�Toqr= 7 V �
( ) !�"#��*+,-./ NW ( � X Euv�f:�T {
�,-./ E�O XV <=CDEF: p oqrR_TAB=��8�TRY�:V
 [\^_¡GH¢ 8 £ ¤¥=GHt = ¦§=GHt =¨©8[ªF 7« 8�T

EE?R ABA =¬> ®8 £ ¯°=
� 8 {yR±TcE@ XYT <=
9RV AB²/.EF: AB`�=³X>�
AB=§´µAB&=§ 8 oqr=d
0^_¡¶ RY�: >·X \±T
@YT <=¸ ABR^¹T

º º

�� �j �»¼½ �

� � � �
� � � �

��
	 � 


�

� � � �
� �� � �
� � � �

� �� �

� ��� ��
��

� � � � �
� � � �

�  
! �

�� � " #
�� �$ % & %

� � '��
( ) *

+,- .
� � � �  � / � �
� �� - ! 01

� 2 * * � �
. 3 2

4- 5 6#

78 �
� � 9� : 6
# �� ��

�� ;< =>?

� ��

��������

	
��������������������� 

� � �
� � �

�

�

�
�

�
�

�

�
�

�

� � �

225

OMITA

OMITA IZUKAMI AKAHASHI

SUKAMOTO

Corresponding author

Muneki T

Nisshin-cho, Kita-ku, Saitama, , Japan

E-mail : mtomita@a rc.go.jp

Japanese Journal of Farm Work Research : ,

*

**

ROPS

ROPS

ROPS

ROPS

* ** * *

Analysis of the E ects of Safety Equipments for

Riding-Type Tractors through Farmer Survey

Muneki T *, Tomomichi M **, Masamitsu T *

and Shigeyoshi T *

* Testing and Evaluation Department, Bio-oriented Technology Research

Advancement Institution, National Agriculture

and Food Research Organization

** Crop Production Machinery and System Department, Bio-oriented

Technology Research Advancement Institution, National Agriculture

and Food Research Organization

+

,+ / ++

,+ ++ +.

--+ 2/-1 + .* ,

+ .* , --+ 2/-1

#

.. . ,,/ ,-, ,**3

/*

-** +*

33

./ ,**/

1

+

,**1

+.

.* ,**/

#



� � � � � �
� �

� �
� � �

� �
� � � � �

� �
� � � �

� �
�

� � � � � � �
� � �

�
� � �

� � �
� �

�
� �

� �
� �

� �
� �

� � �
� � �

� �
� �

� � �
� � � �

� � �
� � � � � �

�
� � � � �

� � � �
� � �
� � �

� � �
� � � � �
� � �

�
� �

� �
� � � �

�

�	
� � 

� ������� �� ����� � � � � � � � �
!� "#$��%& �' () �*+,
 - � .!/ 0� 1�, 2345
��6/7&!+, � 89� ��:;�2345 '<
=$� 
>?@A�� BCD�E F�� BCD23� G &451FH/7�
�I41232 �JKL ( M� N�' O1�L P�L Q �&KRS
	T' U� V?�AC �'�W�, X ' YZ��[ % 1�, \/�
�� =�]A@�^_` '*+,ab'c 23�:KL� 23d� � N
� Fe'*+L 23 f' g0� ��,

� U h 451h T�ijklAm
�� 	dnopqr � 	dno s V?�AC�� t�[h ��[ hu

vw dnor 1K% �p ' L ( � ��+, h T� � �
M��W�, � UT�BCDx,� 1y1z{' |, } � ~��[

�� �'*+, *GCD�@' � �� ~v��h T� ~v�� ��+
0� (� 	T1� � �M ,
' � dnor� �, =�ab
� UT� 1&+, 1�AC�mC� 45:�� �

h T�� 0�BCD��� ��[
� ' �LK�N�� ��+, �
��V?�AC��� � ' � � �AC�mC1 � ' �LK
UT�Y �LN/% ���W�, V? �N�� ��+,

�AC������ �1� ���L� 1 . 1����� ~
YZ�1�, � ���� 
>?@A� � 1�N�!+,�� � ~ �
� � �� :��hu �� �N � ��[ h T��&K ~v�

	dn�pr�*+, � � '�` �� +L �0�¡¢��+
£� � £!/ ,

£�!;Lhu�, � ��JKL� �� ¤
23�:KL ¥b� �� 1h �,T�

� ' |, � �AC�mC�JKL�
h T�ijklAm1�L �LK�BCD'� 0�h T �%
	 ¦	� ' ��, x, BCDE § � �� �&K 1h � �&�
�� ¨�,| :���AC�mC 1N * �� 0�1�,h T�
' U� 451 �' ��, �AC� ��+, x, � �&K 1�L ¥h
mC� �© 1�L� � 451 �&K � � � 'ª«,
' ��, $7/�ab!/ � ¬� z�:[
232 �� 23' 231=� 	T� �N�K1FH/7, � �AC
�23� �L�W�, � � 2 �mC� :��� � 1 ®�
'¯ 0�,| � ° ± :�� L !+, $7�[ 	T��AC�mC'
�2 1�, $� �� �h � �LK�²S� � � \7LK

T!/ ��2 �h \7�� ���, �BCD�:KLN ��³ T�d
| M � ´T� :��2345� � µ¶ «·\7�$1��[ �-
N�' �1 � � �6'¸ �, �23 ¹¥b�º \7�� �c»\7
x, 232 �JKL� 23� ��H ,
¼� :��2345 ' ��, ¼�

½ ½

� � �

�� �� � � 	 �
 	 �
 �
�  � � � �� ��

��� � ��
� �� � �

�  � � �� ! " #
$ � % & �� '(

�) '* ��
$ + �

� $ , ,
� � # � - ,

. /  0 , 12 31
� � $ 4 5 6 78
� 9 : � ! ,
 � ; � <

< => �? �
$ < �� @

, � A
� BC ��
� � D EF � � G� ��
$ � �

�� �
 �H0 78 I
J � D � KL $ M
N OFP N OF # Q R ,
�S:%� � D 6 78T U
N 7 OF 47 6N 7

@ '( '* S
,

� BC 5 �
, 12 78 V �� � , <

2# � �  ! ,
� �W �XY Z ! ,
$ �� @ � ! [\ �
@ = ! H! , H! ]*

[\ � ^ _
�� '( '* � @ �

` �� � a � ��0 !0 b
c d %S ` e f R �
gS# � �� hc , ! R �H

4 � , i1 '( '* '
4 B j k1 4 l � m
4 no � ! p ? i1

� ��
qr # � qr

� �������	
����� ������������

�

� �

� �

�

�

�
�

�

�

� �
�

�

�

�
�

226

ROPS

.

ROPS

ROPS

ROPS

ROPS

ROPS

ROPS

ROPS

ROPS

ROPS

ROPS

, -

.. .

/

,0

+ +

+.,2

,0 // 30

/+ ,

0* ,. 1* 0

,** +**

,0+2 ,

,-*-

, 03

/*

.*

1- 0*

0- 1*

+1 3 +, +2 +

- 2/

3**

//

+0

.2



� � �����	
���

�
 

  
�  � 

 � 
 
�  �

� 
  � 
 �




  �  
� ��  �

 � �
 
  
� ��  � 

�


�   �


�

� ��������� ��

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

 � � � � � � � � � � � � �
! � � � � � � � � � � � �
! � � � � � � � � � � � �

� � � � � � � � � � � �

"#$% &'()*�+�, -./012 ! �34� 5

� ����� ��� �67�� �����89 :;
���� �<�= > ?� ?@ABC >
)*�DEF ����� CGHIJ K?� =LMNO >PQ?M ?@

RS �C� ��?@AB � ���� T U (�DEFUVAB WB �
� �?@T RS �C� ��?@AB 8<�= >PQ?� !XY�+
ZJ�  ��� D+[� ��� � ���C � � 867 \J �9
]^_B `(���� & abc�&d'� ;C ?@AB��	_FUVAB
�)*=efgh_B � �����RS _V_ !XY?�� ����?�9
��iEF � Cj _ :;�+�kC l?mVAB ZJ%=

m_C � @TC �?@AB Cnm�CQo� !X �)*p4V
���� % U (�Dq� !X CrEstC
� �����Dq������ �C � �����UI�uv_FE�wxyC@
867BC ��C � ��C � zAF � ��8{|I}��� ~�U

@AB � �+T��
�= (�� CNE= �IJ� !XY ��
@T?� �C � C ?@AB Y �{|8��Z=C ?@� \�	�=

��	_ m_?� � � _F��Y�� ��
�� ��C�
?@T m_�� ����C� �U �IJBC I%m����=_F ��
VAB � mD @T?�� �� �!XD+[!XY�����	
��� �
� �2 ����!XY�+�� ��?@A �� � ¡�Dq� ¢D+[ !XY
BC )*?����£¤D+[¥¦�~§� �¨© �ª «!XY� (��d'¬�
®%mVAB ZJ� � ���y¯Q ° 	
��� ±² ?� ¢C 3=³´%J�
(�µ¶� �· _B)*� =_BZ= � ¸�.¹º.X »¼�)*p4+T ��
�+� °(�NO�¸�.¹º.8X _FEmVAB

� � �+������kn

½ ½

� � �

�� ��� 	 �


�

�

 �

�


� � � �

� � � 	 � �
��

� �
	 � � �

	 � 
	 � � ��

� � ��
�  	
�� 
 � 
 �

� �
� �

� � 	
	 	

� �� � � � 
� 	 ��

� 	 � �
	 �

	 �
� � �

�  � �
	 ! " � �

� # $ � !
%& �

��

�

�

�
�

� �
�

� � �
�

�

�
� � �

� �
� �

�
�

�

� � � � � �

� � � � � �

� � � � � �

� � � � � �

227

:

ROPS

ROPS

ROPS

ROPS ROPS

ROPS ROPS

ROPS

ROPS

ROPS

ROPS ROPS

ROPS ROPS

ROPS

ROPS

ROPS

ROPS

ROPS

-

0* +/ 0*

,23 -. 1* ,-

/1

,*2 -3 0*

1, 02 1*

0*

+2*

+*1 1-

/, 3 +3

+

1* -

.3 ,/

+ ,

+

+*2 ,2 +, +3 -3 , ,*2
/, +- 0 3 +3 +

/+ +* - 1 , * 1-
1* +. . +* - *

/, +0 / 1 ,1 * +*1
.3 +/ / 1 ,/ *

/ , . / +* , ,2
+2 1 +. +2 -0 1

+



� �
�
� � �

� � � � �
� � � �

� � � � ��
� � � � �� � �

�
�

� �� � � �
� � �

� � �� �
� � � �

� � �
� �

� � � � �
� �

� � �
� �

� �
�

�
� �

� �

�	
� �  � �

������ ��� �������� �� �� !
"��#$%&'�( ) �*+�,-�./ �� !0123456�78�9:%;,(
<-�= ���"�# >?@ ABC�9 D#9:% �� !#E;F�:%,(
G H ����IJK��%&'�0?L; MNOP �	P�Q #9:% ", !

�RST, 7�UM,�V UW 7� #,��( D XY D�@ ��#9G
�V �?X Z A[�"�#\],@ AB ^�_�`a, Zbc% d ^,
C�9:%�efg�� ^, ,XY H�( h&�gK��$ i �RGMJ
j`klmnZo �%RST�0p�@ �� q,ri�%&s�0p����F�:%
�t?L( *uv GK��W $�w�xm 9G012 w�,^�_��t
y�F?"��z{��L?� P g ?L �� ! ,D|Z}�� ?~�;
��,� �t?L;� #9�����9 MNOP �	P�Q �E;F�:% d

G �mS��S,� ���1G @ ��, d @ ���t?L}�� ", !�0?
ABCZ�g��M�����efg�� M L 9G#,`L� �% w�#
�,o��w? Z��[�� �mS��S , � .�L?% %�� ��D|��[
� ,�M,%c�(� �,�-,��� �@ ��,�'( 9G�
�?f� �:L k�m��kSq#}g� w�� #9G g�w��9:% �%
�$�G��mS��SZ\a���%�mS w�#(  ¡��� �@ ��, 
,1Xw ��S� ¢�£¤ o�#$�¥¦ !��L �F�:%,��� 9G
Z§ [�"�� B�efg�� �g� ¨ #(D|(�q#9:%�@ ��( .�w
�© NO�,�mS��S� ª�«��L �:%
¬6�\]UM#9�®��mS��S � RST,� �¯��( © °h&�g±
ZT²³012´�1:Lµ¶[� �·Jg °¸¹, &�� [�xmy�Fº
�� w�,&' @ ��(� >»��¼$ºw�

d � �¯��,�� ! `�

½ ½

�

�
�

� ��
� 	 


� �
� ��

� �
� �
� �

� � 	
� � � 


� � �
�

�� �
�� � � �
� �

� �
�  !

� " � �
	 �

# � � 	
�$ 	 % �

� �

� �

�

�

� �

�

�
�

�

�

�

228

ROPS

ROPS

ROPS ROPS

ROPS ROPS

ROPS ROPS

ROPS

ROPS

ROPS

.. .

,*0

3. ,+

.0 /. ,

,**/

-

.

0-

1

-+

,

,



� �
� �� �

� � � �

� �

� �

���	
 �������������������� �!"

#$%&'()�* +,-./#01' 2*3-. 45�67%895:;<*=>8
(%?>@A*BC
D� EF
 G� C ��HIJ�� .K�L>#IMN
��O �P>QR ST�UV*WX-+� D YZ[\*]^-+�

_ `a `bcd�cdef +,

_ `a `bcd�cdef ?%

g g

�

�

229

:

ROPS

ROPS

ROPS

ROPS

,**/

-

.



� � �
� �

� � �
� � � ��

� �
� �

� � � �
�
� � � �

� �� � � � �
� � �� � �
� � � ��

� �
� � � � �

� � �
� �� � � �

�
� �

� 	 	
��������

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

�� � � � � � � � � � � � �

	 	

���� � � � � � � � � � � � �

 !"#$ % & % '

( � ���)*+,-./ 012-	 	 	
�����
-3456 7896� ��6:; ���)3<=����

>54?@AB C,6 012-	 	
> 	 	
����6 �978 +D
BEF 0 	
G?8 ?>96H		 I �*� ��97AB � 	 	

J*;K5L	M*NOP-?QRST*U4B ��GVWXQG ���)6Y?4* � �
ZG�[\,Q �]F6^^U_ � G��`7abBcd
	 	
��efBZ-6 gh ��* ��]F6di-U_ c�jk*7AB
� l���-m*\?4<D Gno ��pq
rstruv`wxXQ� *7Q y\- ��pq6 !"z3<=+{|} ~
� ���  ���3<=j��-3�Q� g, &P�g, *�@AB � ��6
�*�4CG@\ ��:;+�`fYy * &P�g, * ~g, 9:;>
bQCG* �97Q +��G>56  � 54B � ~g,3<=&P�g,��*:
�i �u3<=�o��ot-<Q � ;>B!"z96 �o����o3<=�@P
� �=-�E���j�efG4AB��� ��o �N �o�� G4D *~g,��
 -<QRS?E¡fYG ¢r£-�� j  &P�g,�� `¤Z DI �
�`¥¦>§¨:;3<=©�ª«`¬Dz` 6� ��97AB � gB +{ �
®¯XQ�°±u ²³-<QRS�´: µ96 ¶·¸¹��oG�otso£9&P
; º`»-xZQ� *7QG�[\,Q �g,-<Q� ��*¼ �:;>54B

� 	 	
������pq

½ ½

�

� �� � �

�

�

� � � �
� �

� �
� � �

�
�

�
�

�
	 �



� �

�

� �

 � �

�

�

�

�

� �
�

�
�

� �

� � �
�

�

�
� � � � � �

�
� � � � � �

�

230

ROPS

ROPS

ROPS

.. .

.

2+

+2 ,

0+ ,,

/

.0 -2 /

0

+

,

,. ++ +* +2 +2 * 2+
-* +. +, ,, ,, *
+*2 ,2 +, +3 -3 , ,*2

/, +- 0 3 +3 +

/



� �
� �

� � �
� � � �

� �
� � �

� � � � � �
� � �

� �
� �

� � � � �
� � � �

� �
� �

�
� �

� �
�

� �
�

� � � � � �
� � �

� � �
�

� � �

��� 	
 ���� �������� ���� �

� ��� !"#$%&�� !�' (	) *+

,-� !.�/0123 (	) 45. 67.3 8 �9
: ;����� $%&�� !<=> 6?<4@A  !�BC3 D�A
E8�FC7G>�8H��A I� 3  3JK.�L ��M�<NM=O  !�
!< P7AKQ )R�S 6T :U 6 V  !� .4@A �A 6
( �@GWXY��AZ8[\��� 7.3/0�12<4@A
.M ]^�_ ��$%&�� !3*+< ,-� !.3  !�` V  
=>D� a V 86�bQ<cO  !� !8M ��� $%&����M�<=O
PI�M�d ef�gh< .4� I�  !< P7A(	)3 ]^�_<=9@A
i87G3 ���j k#(	)l� e� ��5  !�km�
� W #�nopDqr� e� �V  ! e��< �9�6@A st87
<uv��� �A ��� $%&�� ! G3 �Y�6� "wx�W\ y^�
3 �z(	r8>{5 | } r (	 ~���� k#' ��� #�(	)�
)���r:�5 H ��5�%r�=O ���� $%&�� !� eh<uv��
P7G>�8� .%�AZ } (	� �� A
���(r�H Y��E8<.%�� d�
f� E���(	d����{E8�
7A��� ���M .4� ��. >A �����4A@G3 ��

� 	)R��� #�� �� 	)
R�����=x6�� �  d¡@A E

����km���� � ¢k#���A �Kdk£57G¤ ¥7Dv�
Z�¦ d E�d[§7  ! ehd i
f�E8 87G 	
�km� ! d
¨�©^� ª. �7A I�«� � ����� ��¬  ! �
 ! * I�� ! *� < � �®¯° ±²^³

�A I�{´ V  !3I�µ� * *
.4@A  !.�¶0 d
� �@G ·f�8 V  !�bQ3 ¸ ¹º »¼ � (	

½ ½

�� � � � � �

� 	


� 
� 

� 
� �

�� �
� � �� � �
�� �

� 
� 
� �
� �

� � �� �
� � �� 
� 
�

 ! " �  � � 
# $

% � � � "
& # � '

( �  
)�  

 # *+
� �� � � �

, -�� " ./ �
0 �

� 1 2
3 4 ' 5
67 � 8
9 � 
� 
 � 
� 
�

� 8 4
�


� 
� :;
<= > � �? @A B �

�

��

��

��	�


���

� � �
�

� �

�

�

�

� �
�

�
� �

231

:

ROPS ROPS

PTO

ROPS

ROPS

PTO

ROPS

ROPS

ROPS

:

.

0

- ,/

.0 /.

,*2 2+

,3 +2

,**/



�
�

� �
� � �

� � �
� �

����	 
 � 
 �

��� ����������� ���
����	 !

�"#$%�$& ' (����)
*�+,-. �"#$% /0

12345 ��678�9: �
�67(; <�"=

> >

� �

�

�

� �

� �

�

� �

�

�
�

Summary

Key Words

232

Riding-type Tractor, Safety, Accident, Overturn,

Roll-over protective structure

decreased to with ROPS. For accidents other

Roll-over protective structure (ROPS) and seat-

equipment for farming implements were shown

to reduce the number and severity of accidents.

belts could be the most important safety equip-

seatbelt, although of owners of these trac-

. tors did not use the seatbelts at all. In all,

: accidents including deaths were reported.

pp. . of all accidents and of all deaths were

: due to overturning. In accidents due to over-

. turning, the degree of injury with and without

ROPS varied considerably : of accidents

without ROPS resulted in death but this rate

An analysis of the e ects of safety equip-

ment for riding-type tractors was conducted. than overturning, of accidents and

of deaths were caused by being caught in or

crushed by farming implements.

ment because overturn has occupied about The e ects of ROPS on overturning were

of all accidents on riding-type tractors. quantified, and the use of seatbelts and safety

The di usion and results of accidents of those

were investigated through questionnaire sur-

vey, in which, farmers in Japanese pre-

fectures were sampled, of which partici-

pated in the survey.

It was found that of tractors were equi-

pped with ROPS and of tractors had a
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