
˺4̀̀

 

ÄÌ`& Á ÊuY6�-ZBw_ ÃZa,0' 6;Z0 Á D�Z0DY�] Ê°Ì¿Á�,°_Y l:0 
~�  Á' DZ4�Â,¯Y�e )606(

É{Y�» Ê^$W»1Ê Y{�» `�Z� ,2

Ã|Ì°  
1Ì!!>Z» Ê-!!-( *Z»|! Y� �!!" �–Y/!!» ÉZ!2�$»Y�Z^ 1#�!!$¼%» &Y Ê!!°# f�!uP 1Ì!!Ì 5 @!4  , )!!�Y Ã|9-!!( ÉZ!2Ã|!!99( �{ ÉY

 {�Y{ Ã|!%� �!" Y� �/$(Y�5 &Y 7/0X 8"ZI *Y/5 *Y�Ì» .'!PZ^ { ,�/!$(Y�5 ,NZ!3 k#Y�!> c"Z!5 )!¢Ì¢¼( �!;  &Y f�!uP )¢Ì !�, , |!9"
 ¢/!95 '!" '!¢+/5 Z!" '!( )�Y �/$(Y�5 �" Ã{�Y, �Z" Ê!» �/!"�» ÉZ!2�$»Y�Z^ Ê!AÌ( , Ê!¢¼( j¢Ê!? *G *Y�!Ì» *{/!" �!¢Ìu$» '!" *Y/!5

 a!¸$b» k#Y�> Ê!^ É�Z!( {�!" .Ê-!-( cZ!¢Ì¸¼� 1Ì!X �{ f�!uP *Y�!Ì» *{/!" y–b-!» )!%+ Ê»�Ì Z!°» '!eY�Y ,� 1Ì!¼2 &Y
Ê» �/$(Y�5 Z%  , |!9( Z!A#Y �/!$(Y�5 Ê-!-( *Z»|! Y� QK!� 1$!>Y{ �!; �#& , 7�$9( �{ É�–Y/» @4  | Y/5 )!%+ Ê !� '!" SZ!$#

 {{�!= Ê!%$9» 7�!$9( 8!"ZI ÉZ!2�$»Y�Z^ &Y Ê!3�" hM!�Y O!PZI �{ )¢Ì �, 1#Y {/^%" .�{ É�!Ì=�Y�I c�/!� �{ �/!"�» C$�!Ì�
 Ê» �5 8»Z( '�/¼W» E# {�!Ì=�Y�I Ã{ZA$!�Y {�/!» @-!( 7�!$9( )!%+ Ê!X�? *Y/!9� '!" |! Y/5 .�{ Ã{ZA$!�Y {�/!» L�Ì Z!°»

Ã&Y|!! Y &Y Ã{ZA$!!�Y Z!!" h�!!? 1!!#YÉ�!!Ì=x�!!R �,{�!!2 �{ Y� f�!!uP �Y|!!4» Ê!!4K9» '�!!#Z4» E!!# �{ �/!!$(Y�5 O!!4� , /!!¸+ ÉZ!!2
 Ê!» @#Z!¼  , '^!�Zv» Ê°Ì ,�$°PY c�/� '" ';vP C!( �ZÌ�!" , )!�Y ÊPZ!$ÌW#{ �Y|!4» E!# C$�!Ì� 1!#Y Ê!+,�3 , |!2{-

{/" |2Y/3 '9#�2.H- Y{ �{ C$�Ì� 1#Y )3Z� 8XY�»)�Y Ã|Ì�� LZW Y '" 'Ì»,�Y ÃZ.

Ã"YÁ|Ì!¯ :uPf�'Ì^> ,�P�$9(,�°Ì» ,�$»/Ì� Z$^ ,ÊW9�É&Z� 

1-W- Y{ 1Ì>Z» EÌ Z°» Ê�Z9>�Z( É/EÌ ,�$°PY )�^ ,'¢Ì»,�Y ÃZH- Y{ É&�,Z-( ÉZ2 :mojtaba_moradi99@yahoo.com 
2–, '¢Ì»,�Y ÃZH- Y{ Ê¼¸� )“Ì2 /]� 1Ì>Z» EÌ Z°» É�$({ É/W- Y{É&�,Z-( ÉZ2'¢Ì»,�Y ÃZH- Y{ 



˺4̀A

 Ä»‹|$» 
1Ì>Z» Ê--( *Z»| Y� �" �–Y/» ÉZ2�$»Y�Z^ 1#�$¼%» &Y Ê°#1ÌÌ 5 @4  '( )�Y f�uP Ã|9-( ÉZ2Ã|99( 8"ZI *Y/5 *Y�Ì» �{ ÉY

 {�Y{ Ã|%� �" Y� �/$(Y�5 &Y 7/0X .( �Y|4» , )3/� `�0» 7�$9( ÉY�" f�uP �Y|4» Ê¸¼� �;  &Y|2Y/3 É{Z#& �ÌY†5 1Ì>Z» É�"�Z
)>Y{ .'PZ^ { ,�/$(Y�5 ,NZ3 k#Y�> c"Z5 )¢Ì¢¼( �;  &Y f�uP , Ê!¢¼( j¢/!95 '!" '!¢+/5 Z" '( )�Y �/$(Y�5 �" Ã{�Y, �Z" )¢Ì �, , |9"

 Ê» �/"�» ÉZ2�$»Y�Z^ ÊAÌ( a¸$b» k#Y�> ¢Ê? *G *Y�Ì» *{/" �¢Ìu$» '" *Y/5 Ê!^ É�Z!( {�!" .Z!°» '!eY�Y ,� 1Ì!¼2 &Y)!%+ Ê»�Ì 
 Ê» �/$(Y�5 Ê--( cZ¢Ì¸¼� 1ÌX �{ f�uP *Y�Ì» *{/" y–b-» *Z»|! Y� QK!� 1$!>Y{ �!; �#& , 7�!$9( �{ É�–Y/!» @!4  | Y/5

 {{�= Ê%$9» 7�$9( 8"ZI ÉZ2�$»Y�Z^ &Y Ê3�" hM�Y OPZI �{ )¢Ì �, 1#Y {/^%" )%+ Ê � '" SZ$#Z%  , |9( ZA#Y �/$(Y�5 Ê--( .Z!"
 9(,�°Ì» E# &Y Ã{ZA$�Y Ê» �P�$ )<�= Ã&Y| Y �$»/Ì� Z$^ ,{ J#�? &Y Y� f�uP �Y|4» *Y/5 .E# �{ É�Ì=�Y�I c�/� �{ �/"�» C$�Ì�

 Ê» �$¸»Z( '�/¼W» {�Ì=�Y�I Ã{ZA$�Y {�/» @-( 7�$9( )%+ ÊX�? *Y/9� '" | Y/5 .Ã{ A$!�Y Z" h�? 1#Y �{ Ã{Z$A�Y {�/» L�Ì Z°»
 Ã&Y| Y &Yx�R�,{ É�Ì= /$(Y�5 O4� , /¸+ ÉZ2 , '^!�Zv» Ê°Ì ,�$°PY c�/0" ';vP �2 �{ Y� f�uP �Y|4» Ê4K9» '�#Z4» E# �{ �

Ê» @#Z¼ C( �ZÌ�" , )�Y ÊPZ$ÌW#{ �Y|4» E# C$�Ì� 1#Y Ê+,�3 , |2{{/" |2Y/3 '9#�2.8»Z( �/K" C$�Ì� 1#Y )3Z� 8XY�»
 H- Y{ �{)�Y Ã|Ì�� LZW Y '" 'Ì»,�Y ÃZ .)»,Z4» Z2�$»/Ì� Z$^ �2 É�¢Ìu$» ÉZ2 '#Z^ 1Ì" )»,Z4» �Y|4» @3�R J#�? &Y '( |9$ ÉZ2

 Ê» �ÌÌu5 Z% G|9( .8°> �{1Ê»Ã&Y| Y ÉY�" ÃZH$�{ 1#Y )3Z� }Z�Y '( {�( Ã|2Z-» Y� �$»/Ì� Z$^ E# ÉZ¼  *Y/5 f�!uP É�!Ì=
Ê»|>Z".

8°&1
�,»ÂÌH¿Z,5 ®Ë DZO¿ 

Z%&Á� Á 'YÂ» 
)»,Z4» Z2�$»/Ì� Z$^ " '( |9$�2 É�¢Ìu$» ÉZ2 Ê» 8#|^5 )»,Z4» cY�ÌÌu5 '" Y� '#,Y& cY�ÌÌu5 Ê Y�,{ c�/0|99()8°>1.(Ã/v 

 8°> �{ �Z$P, C¢�4» E# &Y Ã{ZA$�Y , �Z$P, '" �$»/Ì� Z$^ �/�9� �{ '#,Y& �ÌÌu5 8#|^52)�Y Ã|> Ã{Y{ @#Z¼  .
1#Y ÉY�" E# &Y |9( UX Y� '#,Y& cY�ÌÌu5 *G c^5 '" , )»,Z4» cY�ÌÌu5 C$�Ì� '( Ê!» Ã{ZA$!�Y �Z$P, C¢�4» {/!> .�Z!$P, C¢�!4»

 Ê» �Z$P, '" )»,Z4» 8#|^5 ÉY�" Ê–¸( Ê>,�|>Z" .‡/PZ! G 7¢|!^» Ã{,|v» �{ )#/45 '" &ZÌ  *,|" �Z$P, Ê+,�3 1¼� �{-7Z!$ÌW#{
Ê» {/" |2Y/3 [/3 �ZÌ�" )PZX E# �{ �/�9� ÊPZ$ÌW#{ �;  &Y '( |>Z" .8°>2�{ �Z!$P, C¢�!4» E# Ã|92{ @#Z¼  Ê!–¸( )!PZX

)�Y.

8°&2
"Z,_Á J‹H$» ®Ë DZO¿ 

Z!" �"Y�" �$»/Ì� Z$^ –8( )»,Z4» �Y|4» , {�Y{ {/+, )»,Z4» , '#,Y& 1Ì" Ê–K3 'K"Y� '°9#Y {�< Z" Rt)!»,Z4» ,R1c�/0!" 
'#,Y& Z5 )»,Z4» *Z¼PY '°Ì5�/� �{ , *Z#�+ 7�$9( ÉY�" É��te�#& c�/0" Ê+,�3 �Z$P, {/> '$<�= �;  �{ |> |2Y/3:



˺4̀B

Vcc
RtR

Rt
te

V
RtR

VccI out 
�




11
T

{/" |2Y/3 c^9» �Z$P, &Y )"ZY O#�� E# Ê+,�3 �Z$P, 1#Y�"Z9" .|Ì�� CÌ2Y/3 �#& cZ°  '" O#�� 1#Y Ê���" �{.
1-)<Z# |2Y/3 �$-Ì" Ê#Z9Ì" C$�Ì� Y�#& )�Y �$%" |>Z" �$-Ì" O#�� 1#Y 'R�2.
2-'R�2Rt'" {|� 1#Y |>Z" �$-Ì" 1E#{�  |2Y/3 �5)�Y �$%" , |> .
3-'R�2R1ER/( ��( |>Z" �$-Ì" )�Ì  [/¸K» , Ã|> �5.

Ê$�#Z" )3Z� f,� �{ 'WÌ$  �{Rt, �Y|4» �6(Y¢|X R1|>Z" Y�Y{ Y� {/3 �Y|4» 8IY¢|X .CÌ2Y/!3 'K"Y� 1ÌP¢,Y *Y/9� '" 1#Y�"Z9"
)>Y{:

TN1outV

 Vcc
RtRte

Rt



11N

Y Ã{ZA$�Y Z" Ê» O4� x�R ÉY�" É�H#{ , /¸+ x�R ÉY�" Ê°# �$»/Ì� Z$^ ,{ OÌ(�5 &x�R Ê^�  )(�X *Y/5 , Ã{�,G )�|" Y� Z2
Ã&Y| Y f�uP �Y|4»{/> É�Ì=.

Ã&Y| Y ÉY�" Ê–¸( f,� k¢�/5 f�uP a#� 5 &Y Ã{ZA$�Y Z" f�uP É�Ì=ASAE1983 Ê» �Z" Z" x�R {Y| 5 )^�  f�uP '( |>Z"
{ {Y| 5 )^�  '"Ê» a#� 5 �Z" *,|" x�R �,{/>.

1001 ¸̧
¹

·
¨̈
©

§
�
�

��
quantityunloaded

quantityloadedSlipPercent  

Ê» *Z#Z¼  Y� �#& '0–b-» �$»/Ì� Z$^ �Z$3Z� |9( .'Ì^> ÉY�"{/> Ê���" c�/� 1#Y '" Ê$�#Z" O�Z9» É&Z�.

8°&3
�,»ÂÌH¿Z,5 ®Ë ÊG3YÁ Ä?6NU» 

Ê» Ã|2Z-» '( Ê#Z2�¢Ìu$» )�Y �#& �Y�I '" {/>:
te :'#,Y& '( )�#YÊ» �{ Ê-#Y�<Y )PZX &Y �$»/Ì� Z$^)�Y )»,Z4» *Z¼PY Ê#Z%  �Y|4» cIY, �{ , |#G.
tb :'#,Y& Ê» 8#|^5 '#Z^ )PZX '" �$»/Ì� Z$^ '( )�#Y Ê» �A� Ê+,�3 8»Z( �/K" , {/> {/!> .)!^6» @#Y�!<Y k!4< '!°ÌeZW G �Y

Ê» `mX '^�Zv» �{ Ê={Z$<Y )¼�I YmP )�Y �; ¢|»{/> .

¿Z,5 lÌ& EÌ=?e�,»ÂÌH 
Ã&Y| Y ÉY�" �$»/Ì� Z$^ &Y '°ÌeZW G &YÊ» Ã{ZA$�Y '#,Y& É�Ì= &Y �$¼( '#,Y& E# �{ , CÌ9(360Ê!» {/!3 C¼#�(Z!» '" �Z$P, |!�� .

{�ÌH" c�/� OÌ> QÌv05 '( Ê$�#Z" 1#Y�"Z9" .



˺4A=

8°&4
�,»ÂÌH¿Z,5 lÌ& EÌ=?e ÃÂ=¿ 

'" �$»/Ì� Z$^ �,{ &Y Ê$¼�I �{ '°9#Y '" '¢+/5 Z" Ê»�" Ã{�» 'ÌXZ  1Ì!¼2 , CÌ!>Z" '$!>Y{ Ê+,�3 'ÌXZ  *G {�/» �{ |#Z^  C#�/3
 U°� @2Z( ~�Z" Ê5Z�M–?Y ÊH$��= |> |2Y/3 C$�Ì� 8¼ PY .&Y �$-Ì" ÉZ#Y,& �{ |#Z^  'WÌ$  �{teCÌ!2{ LZW Y Ê5Z^�Zv» .�{

'#,Y& Z5 {/�teCÌ9( [Z�X Y� f�uP )� Y/5 CÌ2Y/3 .» �#& c�/0" QÌv05 O#��Ê» '^�Zv{/> .C(�Y{/!¼  Ê$�#Z" OÌ!> �!5
|#ZÌ" )�|" �$-Ì" OÌ> Z" �Y{/¼  O�X�".

360360360
, 21

1

221
21

te
v

tevv
te
v

yy vv �� o�


�  KKKK

{�ÌH" c�/� Ê$�#Z" QÌv05 1#Y ,f�uP JÌI{ �Y|4» '^�Zv» ÉY�" YmP .Ã{�» 'ÌXZ  */R {�ÌH  c�/� QÌv05 1#Y '°Ì5�/� �{
Ê» '$<�= �;  �{ 8( �/K"$-Ì" É�Y|4» )��� {/>|> |2Y/3 '^�Zv» �.)>Y{ CÌ2Y/3 O#�� �{ 'K"Y� 1#Y *{Y{ �Y�IZ":

   

   RtR
RtVcc

RtR
Rt

Vccte
RtRte

RtVcc
RtRte

RtVccVV recieveoutrealout


�










 ��

13601360

36011

1

1

NT

TKTTKNK

�$»Y�Z^ , Ã|> QÌv05 f�uP �Y|4» ,te Ê» `mX {/> .'!R�2 )!»,Z4» *Z!¼PY '!#,Y& �Y|4» '( {/> '$<�= �;  �{ Ê$�#Z" '–$^PY
Y ÊP�$9( 8"ZI�Ìs �/K" ÃZH$�{ ÉZK3 , Ê#Z Y/3Z  {/> �$°R/(Ê» @#Y�<|"Z# .�=Y ,teÊ¼  SZ9Ì4# |>Z" �A� �"Y�" Ã{Y{ „Ì2 *Y/5 ÉY

{�( '^�Zv» Y� f�uP , )<�= .

~�  Ä] (Z?eY ÃÂ=¿Z4

x�R 7Z0–5Y �{|92{ LZW Y Y� �,{ 1#�$¼( '( | �Ì= �Y�I x�R &Y ÊeZ+ �{ Ê$�#Z" SZ¼$X Z2�$»/Ì� Z$^ @#Z� O^� '" Z2 .{�<
" Z2�$»/Ì� Z$^ '( {/> 8°> c�/05x�R �{Ê» 8�, �/$(Y�5 ÉZ2{/> .x�R �{ �$»/Ì� Z$^ O0  ÉY�" Ê�(/^Y O�R &Y 8¼� �{

|> Ã{ZA$�Y.

8°&5
Â!) Á l$L ~�  Ä] (Z?6eY ÃÂ=¿ 

a#� 5)ASAE 1983 (c�/0":



˺4A˺

 Rltheoretica
ltheoretica

actual
f xx

x
xs � ,1

Z4�‹Ìw,»:
RÊ ,�Ì" jZ > ÉY�" 
rÊ¸3Y{ jZ > ÉY�" 

AË|¿Y:
FÉY " ÉY�" Ê¸3Y{ x�R 
RÊ+�Z3 x�R ÉY�" 
f/¸+ �$»/Ì� Z$^ ÉY�" 
rÉY�"O4� �$»/Ì� Z$^ 

Wx�R
Px�R �{ �$»/Ì� Z$^ )¢Ì I/» 

)�Y �/$(Y�5 ¢y$b» U#| Y *,|" ÉZ2�¢Ìu$».
Ê»�$»/Ì� Z$^ Ê+,�3 �Z$P, '" Y� 'K"Y� 1#Y *Y/5{�( 8#|^5 Z2.

FF
F

F

f

FP
fRR

RW

R

r

RP
r

F
f

FP
f

F

F
FR

r

RP
r

RW

R
R

xk
R
x

R
Rxk

R
x

R
R

R
R

R
x

R
R

R
x

'
'

''
'

'

''
'

'''
'

'

TT

TTTTTT

,

,,,

�» O�X�" Z#Y,& '( 7ZX x�R k¢�/5 Ã|> Ê? )<ZÊ» '°9#Y &Y , |»G )�|" Z2Ê» )�Y O�Z9$» '#,Y& Z" Ê+,�3 �Z$P, CÌ Y{ -
)>/  *Y/5:

   

    F

f
FFFfF

F
fFFfff

R

r
RRRrR

R
rRRrrr

k
V

xxkVx
RtR
kVccRtVxkVcc

RtR
RtV

k
VxxkVx

RtR
kVccRtVxkVcc

RtR
RtV

c
'

'�'c'�'



'�'''


'

c
'

'�'c'�'



'�'''


'

1360
,

1360

1360
,

1360

TT

TT

�$»Y�Z^ EÊ» Ã{ZA$�Y /¸+ x�R Ã|> Ê? )<Z�» �" Ê IY, )<Z�» */Ì�Y�^ÌPZ( ÉY�" {/> .^ÌPZ( ÉY�" {�( )–I{ |#Z" ÊP, */Ì�Y�
Ê" LZH92)A� 1Ì»& '  {/> LZW Y Ê�Y�& 1Ì»& �{ �Z" .Ê» )�|" f�uP a#� 5 &Y|#G:

f

r

f

r

R

F

F

f

R

r

F

R
f V

V
V
V

k
k

k
V
k
V

x
xs

'
'

�
'
'

c
c

�

c
'
c

'

�
'
'

� E\EEE 1111

Ê» '$��= *Z»& O�X�" �P�$9(,�°Ì» �{ Ã|> Ã�Ì$ Y/( �#{Z4» '" '¢+/5 Z" �#& c�/0" Y� f�uP 'K"Y� '$��= c�/0" *Y/5
)>/ :

   

   irir

ifif
f VV

VV
s

�
�

�




1

11 E\  

Ê» *Z-  'K"Y� 1#Y {�Y{ &Z!Ì  '!;<ZX &Y {|!� ,{ , �P�$9(,�°Ì» &Y {|� �Z%R '" '^�Zv» ÉY�" f�uP �Y|4» '( |2{ .ÉZ!2�$»Y�Z^
';<ZX Ê» Y� ÉY ';<ZX &Y *Y/5EEPROM {�( )<Z#�{ .�#{Z4»&Y Ê°# É�H#{, |>Z" �Z$P, Ê /9( �Y|4» |#Z" Ê°# �Z$P, �#{Z4» Z¢»Y

Ê¸^I ';<ZX �{ '( RAM |> |2Y/3 Ã�Ì3€ �P�$9(,�°Ì» .Ê!» Ê°Ì Z!°» �/!K" �#/!  c!<� ÉY�" 7ZX É�!ÌHPY�H$ Y E!# &Y *Y/!5
 f�uP 1ÌH ZÌ» }Z�Y 1#Y �" Ê°Ì Z°» {/> Ã{Y{ ,�°Ì» '" 'WÌ$  *Y/9� '" O4� �$»/Ì� Z$^ �,{ E# *Z»& �{ Z2 .f,� 1!#Y [Zb$ Y



˺4A˻

 { /¸+ x�R�$»/Ì� Z$^ '( Ã{/" }Z�Y 1#Y �"Ê» O4� x�R '" )^�  É�$¼( �,Z!" *{�!°  {�/3�" , 8�ZA5 '^�Zv» ÉY�" 1#Y , | &
)�Y O�Z9» Ã{�» '4K9» .)>Y{ CÌ2Y/3:

   

5
1 ifnif

f

VV
s

�
� E\  

�Y|4» nÊ» �ÌÌu5 Ê+�Z3 k#Y�> k¢�/5 , Ã{/^  )"ZY É�Y|4» |9( .Ê» 1ÌÌ 5 Y� �Y|4» 1#Y {/3 �P�$9(,�°Ì»|9( .�Y|!4» '!K"Y� 1#Y
PÊ» )PZX 1#Y �{ Y� f�u|2{ .Ê» �;  '" JÌI{ �Ìs , Ã{Z� �ZÌ�" f,� 1#Y �2ZB 'R�=Y|/< É�Y|#Z^ ÊP, |#GÃ¢{Z PY ÉY�!" Ê!–$X ÉY

)PZXC( 8#|^5 ÉZ2{�Y{ )Ì".
Ê» Ã|2Z-» */Ì�Y�^ÌPZ( ÉY�" �¢Ìu$»,{ `Z�,Y 1#Y Z"{/> .�¢Ìu$»E� Ê���" {�/» 1Ì»& k#Y�> Ê» *Z-  YÊ»Z!¼5 cIY, �{ '( |2{

 &Y �$=��" É{|� '( �¢Ìu$» E# �{ f�uP '^�Zv» ÉY�" 1Ì»& k#Y�>1Ê» '^�Zv» )�Y {/> .{Y ! 5 )^�!  �!"Y�" SM!¼� �Y|4» 1#Y
�,{ �,{ {Y| 5 '" �Z" *,|" /¸+ x�R ÉZ2 �Z"Z" )PZX '" /¸+ x�R ÉZ2 .'!" @$!¸s jZ > Z" )�Y �"Y�" �Y|4» 1#Y Ê»/%A» �/K" jZ !> 

x�R .

sWheelRadiu
iusRollingRad

E

�¢Ìu$» Z¢»Y \Ê» *Z-  Y� �$»/Ì� Z$^ '" @3�R 7Z4$ Y L�Ì Z°» |2{ .Ê» Ê$XY� '" �Y�!I �A� )PZA�G É,� �{ Y� f�uP �Y|4» *Y/5
 )PZA�G É,� �{ , Ã{Y{1E�Y|4» 1#Y�"Z9" )�Y\Ê» Ã�Ì3€ ';<ZX �{ , '^�Zv» )PZX Ê»Z¼5 ÉY�" , {/> )!�Y )"ZY Z2 .Z!¢»Y

 �Y|4»E{/> '^�Zv» NZ3 �2 ÉY�" Ê-#Z»&G �/K" Ê$�#Z" .Ê!�� , Ã{�/!3 Cb> NZ3 ÉY�")17.1E(@#Z!»&G J!#�? &Y
|> '^�Zv» .

½ÂÌ0YBÌ,¿YÂ¯ 
'Ì^> ÉY�" Z�'$��= Ê$�#Z" {�°¸¼� 1#Y É&{�( *ZÌ" Y|$"Y Y� �#{Z4» É&Z� .'Ì^> �{�!;  �{ �!#& c�/0!" */Ì!�Y�Ì$ Y/( É&Z!�

|> '$<�=:
 

10

10

2
2


xueDigitalVal  

Ê» �P�$9(,�°Ì» '( É�Z$P, 1#�$¼( �Y|4» f,� 1Ì¼2 J#�? &Y�Y|4» |9( N�{ | Y/50,005|> '^�Zv» .

ZBw_ ÊG3YÁ �Y|$» Ä`0Z=»�Â,¯Y�e 
/¸+ x�R , �/$(Y�5 Ê IY, )��� )^� )E()�Y '$�"Y, 8»Y/� &Y Ê¸Ì3 '" '( )�Y Ê^#��.

Êa,H]YÁ 8»YÂL 
1-'#,Y& *Z°5x�R ÉY)x�R )��� , Ê��9#Y *Z¼»(
2-QK� , NZ3 &Y Ã{�Y, É,�Ì  ){�Y{ :Z^5�Y NZ3 lY/3 , �#Z5 '" '((
3-�/$(Y�5 [Z$>, )��� 
4-{/¼� É,�Ì x�R '" Ê�Z> `�? &Y É

1#Y�"Z9" d{/" |2Y/3 8Ì� Y�A#{ 'K"Y� E# .1!#Y Ym!P )!�Y x�!R '" Ê�Z> `�? &Y É{/¼� É,�Ì  8»Z� 1#�$¼%» '°ÌeZW G &Y
)�Y �(€ 8"ZI �#& k#Y�> , Ã{�( *ZÌ" �Z" O�X�" k4< Y� O#��:

1-Ê¼  {�Y, É�Z" „Ì2 '°Ì Z»& S./¼ » {/>0,3�R '" �/$(Y�5 –8( *&, Ê» {�Y, /¸+ x{/> .Ê» 1#Y�"Z9" )A= *Y/5=1d)�Y .
2-Ê» {Z#& Ê¸Ì3 �Z" '°Ì Z»& |!> |2Y/b  {�Y, x�R '" Ê#,�Ì  „Ì2 , Ã|> cKI 1Ì»& , /¸+ x�R }Z¼5 , {/> .)��!� 1#Y�"Z!9"

'#,Y& '" �¢Ìu$» 1#Y Y�|4» , )>Y{ |2Y/b  x�R Ê IY, )��� '" ÊK"� „Ì2 C$X �/K" x�R ÉYfÊ» 8Ì»|9(.



˺4A˼

ÄÌ`&D�Z0 
'Ì^> �5/ÌV»Z( �{ Ã|> *ZÌ" f,� |> É&Z� .|»G )�|" ÊP/^I 8"ZI z�Z^ 8»Z( �/K" ,.c�/0" '»Z �"GUI kÌv» �{ ,

Delphi)�Y Ã|> '$>/  .

8°&6

ÄÌ`&Ã�Y|¿  2BÌ¿Z°» Á ZBw_ D�Z0½M D�ÌV 

Y, �Y|4» *Y/9� '" f�uP E# '»Z �" 1#Y �{'Ì^> Z" �5/ÌV»Z( , Ã{Y{ Ê I'$��= , �$»/Ì� Z$^ cM#|^5 8»Z( É&Z� �Y|4» É&Z�
 �{ Ê+,�3LCDÊ» @#Z¼  Y� |2{.

�ZÌ¿ '�Â» �Y|» 6;Z0 
'»Z �" k¢�/5 Y|$"Y &ZÌ  {�/» �Y|» )3Z� ÉY�"Proteus'Ì^> |> �Y|» )3Z� '" LY|IY UV� , É&Z� .'¼({ */Ì�Y�^ÌPZ( ÉY�" ÉY

> '$<�= �;  �{|.�Y|4» ,EÊ» Ã{Y{ ÃZH$�{ '" �H#{ �$»/Ì�Z$^ E# k¢�/5 {/> .'" ÃZH$�{ É{,�, Y|$"Y Ê2ZH-#Z»&G )PZX ÉY�"
|> Ã|#{ 'Ì^ 5 {�" E# �{ ‡/PZ G �$¸Ì< ÃY�¼2 .8°> �{ '(7Ê» Ã|2Z-» {/>.

8°>7
�$¸Ì< ÃY�¼2 '" Z2�$»/Ì� Z$^ �#{Z4» ÉY�" É{,�, �Y|»‡/PZ G 

8°> �{ '( /K Z¼28É{,�, �H#{ É{�" &Y Ã{ZA$�Y Z" UV� )�Y y–b-» |> Ã{Y{ �P�$9(,�°Ì» '" �,{ ÉZ2 .



˺4A+

8°>8
�P�$9(,�°Ì» �Y|» 

)<�= �Y�I Ê#Z%  )PZX �{ 8»Z( �/K" C$�Ì� , @#Z»&G Ã|> '$3Z� ÃZH$�{ .)�Y '¢+/5 8"ZI ÃZH$�{ )3Z� C( '9#�2.

8°>9
,� ÃZH$�{ @#Z»&G{�" É

8°>10
f�uP Ê#Z%  h�?l9� 

ÄCÌ,¿VD�Ì 
'�/¼W» )3Z� , ' PZK» 1#Y �{Ã&Y| Y )%+ ÉY=�< Ê�» ÉZ2�/$(Y�5 �{ f�uP �Y|4» É�Ì='( )�Y Ã|> {ZW#Y , ÊXY�? 1�/

 �,{ '^�Zv» Z" :Z^5�Y �{RÊ» 8¼� �/$(Y�5 O4� , /¸+ ÉZ%3�|9( .^Ã{Y{ f&Y{�)�{ '" ÉZ2�,{ '" :/"�» ÉZ2 f�uP �Y|4» Ã|»G 
-#Z¼  É,� �" �/$(Y�5 )(�X Z" *Z»�¼2 c�/� '" Y�HÊ» @#Z¼  Ã|9 Y� 1Ì"Z( �{ Ã|> 'Ì^ 5 �|2{ .7�$9(^Z" k^5�» ÉZ2�$»Y�Z

Ê» |ZA5Y f�uP a¸$b» h/K� �{ '( @-( c�/� )Ì¼( 1#Y *Y�Ì» 1$>Y{ )�{ �{ Z" | Y/5 Ê» |$<Y={�Ì.



˺4A3

W]Z:» 

1-Almardani R; Colvin T S; Marley S J (1989). Verification of the‘TERM’ traction 
prediction model. Transactions of ASAE, 
32(3), 817–821 
2-Colvin T S; McConnell K L; Catus B J (1989). ‘TERMS’: a computer model for .eld 
simulation. Transactions of ASAE, 
32(2), 391–396 
3-Kemp H R (1993). Prediction of the performance of four wheel drive passenger 
vehicles. Journal of Terramechanics, 30(1), 
35–46 
4-Kepner R A; Bainer Roy; Berger E L (1987). Principles of Farm Machinery. CBS 
Publishers and Distributors, New Delhi, India 
5-Kim Y U; Gerald E R (1987). A review of tractor dynamics and stability. 
Transactions of ASAE, 30(1), 615–623 
6-Lyne P WL; Burt E C (1989). Real time optimization of tractive ef.ciency. 
Transactions of ASAE, 32(2), 431–435 
7-Upadhyaya S K; Wulfsohn D (1993). Traction prediction using soil parameters 
obtained with instrumented analogue device. 
Journal of Terramechanics, 30(2), 85–100 
8-Wang Z; Domier K W (1989). Prediction of drawbar performance for a tractor with 
dual tyres. Transactions of ASAE, 32(5),1529–1533 
9-Wismer R D; Luth H J (1972). Off road traction prediction for wheeled vehicles. 
ASAE Paper No. 72–619, ASAE, St. Joseph 
10- Bekker MG. Theory of land locomotion. The mechanics of vehicle mobility. Ann 
Arbor (MI): The University of Michigan Press; 1956. 
11- Komandi G. A kinematic model for the determination of the peripheral force. J 
Terramechanics1997;34(4):261–8. 
12- Komandi G. An evaluation of the concept of rolling resistance. J Terramechanics 
1999;36(2):159–66. 
13- ISTVS Standard. J Terramechanics 1977;14(3).Computer Simulation of Tractor 
Single-point Drawbar Performance C.S. Sahay1; V.K. Tewari2 Biosystems Engineering 
(2004) 88 (4), 419–428 
14-MODELING THE TORQUE AND POWER REQUIREMENTS OF TRACTION 
TIRES OF HORTICULTURAL TRACTORS USING DIMENSIONAL ANALYSIS 
Sefa Tarhan1 and Kazým Çarman  Mathematical and Computational Applications, Vol. 
9, No. 3, pp. 427-434, 2004. 
15-Mechanical Analysis and Measurement of Parameters of Wheel -Soil Interaction for 
a Lunar Rover 



˺4A4

 

Design and Simulation and Fabrication of Electronical Slippometer for 2WD tractors 
Mojtaba Moradi(mojtaba_moradi99@yahoo.com)1

Aref Mardani ( A.mardani@mail.urmia.ac.ir)2

Abstract 
Tire slip at operating load is an important parameter when optimizing the performance of a 

tractor. However, accurate measurement of slip under working conditions is difficult in most 
farm situations. Many new tractors and older ones are not equipped with slip indicators and 
often "on the farm" tractor slip is either measured manually and crudely or simply estimated. 
This paper describes a method of obtaining accurate slip readings on a tractor through the use of 
two revolution metre. The system is universal, portable, quickly attached and requires no 
modification to the tractor. 

Keywords:Signals, Slip, Tires, Traction, Tractors, Vehicles, Velocity, Potentiometer. 
 

1 Student of Mechanics of Agricultural Machinery, Urmiya University 
2 Member of Urmiya university academies 


