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1 - Zhang and Chancellor 
2 - Persson 

3 - Zoz 
4 - Wismer and Luth 

5 - Ozkan and Edvards 
6 - Davis and Rehkugler 

7 - Macnab et al.
8 - Colvin et al.

9 - Al-Hamed and Al-Janobi 
10 - Catalan et al 
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3-!N1 w�q ÊC0NU d-#Z\- 
{�Y|¿Z-�Y Z] >]ZB$ 5�-Gj d$ÁZm$ASAE, STANDARD D497.4 N&�O �{ 52Ì$Z6&{ �Z] c�O LJZZ Z] �]Y�] 

j d$ÁZm$ N&�O !¯|�Z] 5$ 5�-Gj d$ÁZm$ !B]Y� �Y 5�-G)7(!B]Y� Á |&Y 5$ d�{ !])8(Ã{Z;-�Y 5�-Gj d$ÁZm$ !C�Z]$ ÉY�]

{#� 5$.
)7(

)8(DWLMR R  U
#E6$ !]|� Ã{Z;-�Y É�Ì³ �ÁZ-�³ lÁ� �Y V#Gm �#]$ 52Ì$Z6&{ �Z] !C�Z]$ �.Ã{Z;-�Y Z] �&{ IZm �#-¯Y�  Nm� Á #Gm �#]$ Y|-]Y �{

 #Gm �#]$ I�Á !¯ |� I�Á µZ-Ì(&{ µ#2�Z] �YkN72/14Z] �]Y�] [Ì Z-�Y dWZZ �{ Nm� �#]$ ÁkN01/25{#] .@Z; �Y

¯ |� zÌE6  É�#_ �#-¯Y�  Á{ )tZ� Y �#- Ȳ�  !] L�{#W Ã|66  ̄L�-$ �Ì(¿� Á {#] �;J f�¯ !&ÁY� ZÅ f&Z$�d +ÌZ �{ !

d�Y{ 5mMY ‚{$Z¯ dÌ*D#$ .L2�)1(|Å{ 5$ IZ�¿ Y� 5&#Gm �#- Ȳ�  {Y�d z`m �Y{#?¿ .#Gm �#]$ 52Ì$Z6&{ �Z] !C�Z]$ �#E6$ !]

 +&Y �{ !¯ Ã|� Ã{Z;-�Y +Ì$� Z] Nm� ‘�7 XZ?  !Bm¿ µ#Z É�Ì³�ÁZ-�³ �YZ] {#] |ÅY#y �]Y�] #Gm �#]$ 52Ì$Z6&{ �Z] dWZZ:
     
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DBHPDBXPXW

DFWL hV ��
 1)9(

!¯Ph|� É�Ì³ Ã�Y|¿Y 5��¯ L�{#W [& �Y Ã{Z;-�Y Z] !¯ |�Z] 5$ f�¯ 5mMY !;W#$ .Ì6x?Å �&{Zm$ +DBH ÁWB!]

�]Y�] NÌ � cm82Ácm257|� É�Ì³ Ã�Y|¿Y .d�Y Ã|� Ã{Z;-�Y !ÌO�M Á{ lÁ� +&Y �{:1-‘�7 ÉÁ� �] \Zy L?*WY %2� 
d�Y �#]$ �&� �{ d��{ .2-�&� NÌ� 5{�Y|  �ÌiZ  �#]$ Á{ ÉÁ� �#-¯Y�  I�Á q&�#  ÉÁ� �] |J�{ )!��'$ NÌ� %3.(

¶°�1-q^1 �Y{!¼¿ TC¯ 5'u �{ �!0¯Y�( {Y�? 
4-­Zy Ê_#�O- LyZ� >�'e Ã�Y|¿Y 

Ã{Z;-�Y µZ-Ì(&{ 5-�{ …6�Y#;¿ [& �Y ‘�7 {|� !B]Y� �{ É�Y9,&Zm ÉY�] \Zy 5_Á�H$ 3yZ� É�Ì³ Ã�Y|¿Y �#E6$ !]

|� .ÃZ,-�{ +&Y �{)L2�2(Y|¿Y ÉY�] Á �Y{�Ì³ �� [& L�{#W [& �Y \Zy Y#;¿ !] d$ÁZm$ É�Ì³ Ã�Y|¿Y ÉY�] Y#;¿ >?� É�Ì³ Ã�
|� Ã{Z;-�Y É�#¿ Ã|¿�Ì³ Á Ã|6-��M [& �Y.�W�-6¯ Á �2Ì$ !&Za �] Ã{Y{ LÌ�]  z-`Ì� �Y 5_Á�H$ 3yZ� ÉZÅ Ã{Y{ Ã�ÌyY ÉY�]

|� Ã{Z;-�Y]23[.>?� Z  5_Á�H$ 3yZ� �&{Zm$cm30|� É�Ì³ Ã�Y|¿Y .
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)10(|&d 5$ d�{ !]]20[.

)10(

!B]Y� +&Y �{Vt�� Á |�  5$ l':W IÁ|] Z& É�#“  d�Va|�Z] 5$ l':W Z] 5*DYÁ d��� .d��� +&Y É�Ì³ Ã�Y|¿Y �#E6$ !]
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|$d d�{ !] !]Z�$ e&Y�� �{ l':W IÁ|] 5*DYÁ d��� 'Ì¿.
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 ¶°�3–ÊCC¯ w�q {Y�? G�eZË{ (ASAE, STANDARD S296.4) 
6$ !]|�Z] 5$ Nm� Á #Gm ÉZÅ ‘�7 5�-Gj d$ÁZm$ �&{Zm$ !] �ZÌ¿ V\�]$ ‘�7 É{Á�Á �ÁZ-�³ !C�Z]$ �#E .d$ÁZm$

 e]YÁ� �Y #Gm ÉZÅ ‘�7 5�-Gj)8(Á)9(|&d 5$ d�{ !] .5$ !G“`$ )t#Æ($ }'m Nm� �#]$ 52Ì$Z6&{ �Z] �Y|m$ I#7

Zm$ Á |&{�³ YZH Y {�#$ +&Y �{ É�,&{ ��M Y9W V|�Z] 'Ì¿ Nm� ÉZÅ ‘�7 5�-Gj d$ÁZm$ !C�Z]$ �#E6$ !] ‚ZM�J 52Ì$Z6&{ �Z] �&{

 |$d d�{ !] +Ì$� Z] #Gm ‘�7 XZ?  !Bm¿ µ#Z É�Ì³ �ÁZ-�³ �Y)L2�1.()�#J +&Y �{:
)12(

   
WB

XWDBHP
DRWL h 2



e]YÁ� �Y �#]$ Á{ 52Ì$Z6&{ �Z] �&{Zm$ !C�Z]$ Z])9(Á)12(e]YÁ� �{ �&{Zm$ +&Y É�Y9,&Zm Á 5��  ̄�Z] FG-H$ A#B� �{)7(Á
)8(5��¯ �Z] A#B� �Y UY|¯ �Å �{ \�]$ �#]$ !] É{Á�Á �ÁZ-�³ !(Ì-¿ �{ Á &{�³ !C�Z]$ 5�-Gj d$ÁZm$ Á ‘�7 {|� �&{Zm$

$d d�{ !]|.
7-Ã{Y{ ¶'g"( q0^'� 

Ã{Y{ LÌ�]  z-`Ì�(Data Acquisition System) É'&� !$Z¿�] L]ZD �³tZ-&{ [& �Y L2�-$ )µ|$CR10X (Z]

8Á €Z-WÁ )Y�ÌÌ:  µZ¿Z¯ 4!B�YÁ [& ÃY�?Å !] %WZa )Y�ÌÌ:  µZ¿Z¯ (SC32A) µZ&�� L]Z¯ Z] RS232 d¯�� dyZ� 
1Campbell;Ì¯ � #Ìp$Z¯ [& Á Z2&�$Y �{d�Y ZÅ Ã{Y{ f&Za Á l�Y{�a ÉY�] 5.�Y � tZ-&{ Á Z  µ|C$ É{Á�Á +Ì] "ZC �Y

 �Y'MY U�¿ >&�_(PC208-W3.3)d�Y Ã|� !&Y�Y �³tZ-&{ ÃY�?Å !] !¯ {#� 5$ �Y�D�] .5`&#¿ !$Z¿�] ÉY�] �#¯9$ �Y'MY U�¿ �Y
|� Ã{Z;-�Y �³tZ-&{ !] Ã|� LJÁ � #Ìp$Z¯ e�#  �³tZ-&{ .] ÉY�mY �Y %a �Y 5WZ��Y ÉZÅ µZ6,Ì� dMZ&�{ !] �{ZD �³tZ-&{ !$Z¿�

{#� 5$ dCi � #Ìp$Z¯ Á �³tZ-&{ �{ Á d�  Ã|ÅZ�$ L]ZD � #Ìp$Z¯ !];J ÉÁ� [ÌMY�³ Z& +-$ )�#J !] 5mÁ�y Á d�Y ZÅ µ|C$ .
|� Ã{Z;-�Y 5��¯ L� {#W ÉZÅ Ã{Y{ Ã�ÌyY ÉY�] LÌ�]  z-`Ì� +&Y �Y.

c"* # dËZ0¿ 
1-)J�K- D!-�? >Y

5��#$d !��'$ �{ ZÅ I#$�d -|� UZ(¿Y •�¯ IZ-��Æ� �{ qDYÁ IY�Æ  ÃZ,�¿Y{ 5*ÌC_ q]Z6$ Á É��ÁZ�¯ %&{�a 5�ÅÁˆa .
5$#W !��'$ \Zy dMZ] -|�Z] 5$ 5�� .I#$�d +ÌZ �{ \Zy d]#_�%16|� É  Ã�Y|¿Y [�y I�Á !&Za �] .5��¯ ÉZÅÁ�Ì¿

 �{ �&{ IZm �#-¯Y�  !]15!] Á FG-H$ A#B� |� µZ?�Y 5�Ì]#`-Ì$ �#-¯Y�  5-�{ '$�  Á +ÅdÁZ³ !GÌ�Á )L2�4.(�&{Zm$

 Z] Á {�Y|¿Z-�Y lÁ� �Y Ã{Z;-�Y Z] f�¯ +ÌZ �{ \�]$ ‘�7 l':W5|� É�Ì³ Ã�Y|¿Y 5��¯ �Z] nB� �Å �{ �Y�2  .{#W ÉZÅ Ã{Y{

Á !&'(  {�#$ � #Ìp$Z¯ !] µZm-¿Y �Y %a Á Ã�ÌyY Ã{Y{ LÌ�]  z-`Ì� �{ 5��¯ L�dM�³ �Y�D LÌG]  .

1-Campbell Co, 2002, U.S.A 
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2-dËZ0¿ 
�Y Ã{Z;-�Y Z] 52Ì$Z6&{ �Z] �&{Zm$ f&Z$�d +ÌZ �{ Ã|� É�Ì³ Ã�Y|¿Y ÉZÅ �-$Y�Za �Y Ã{Z;-�Y Z]4|� !C�Z]$ Ã|� !&Y�Y !W{Z*$ .

Ã|� +&',&Zm \�]$ ‘�7 l':W 56Ì] fÌa !B]Y� �{ �&{Zm$ +&Y)e]YÁ�)5(Á)6((�&{Zm$ ÁÁ !W{Z*$ �ZÆ7 +&Y �Y LJZZ l':W 
�Y'MY U�¿ �Y Ã{Z;-�Y Z] Ã|� É�Ì³ Ã�Y|¿Y l':W �&{Zm$EXCEL-2003dM�³ �Y�D LÌG]  Á !&'(  {�#$ .�Y Ã{Z;-�Y Z] +Ì6x?Å

|� cZH-¿Y 52Ì$Z6&{ �Z] !C�Z]$ ÉY�] !W{Z*$ +&�-Æ] 5By l�Y�] 'ÌWZ¿d .�{ l':W Ã|� É�Ì³ Ã�Y|¿Y �&{Zm$ +Ì,¿ZÌ$15��Z] nB

 �{ UY|¯ �Å Á 5��¯5µÁ|m �{ �Y�2  1d�  Ã|� Ã{Y{ IZ�¿ .[& �Y Á 5-�{ )�#J !] ‘�7 l':W Vf&Z$�d +&Y �{ !¯ Z(¿d �Y
 |� 5$ É�Ì³ Ã�Y|¿Y d?�)”7 d?� \�]$ ‘�7(fÅZ¯ w�Z] !¯ |� Ã{Z;-�Y LÌ`¿Y�;&{ L;D �Y zÌm-`$ ÉZÅ�Ì`$ �{ Y9W V

‚ZJ#�H$ É�Ì³ Ã�Y|¿Y +ÌZ �{ ZBy|&{�³ {Z&� 5��¯ �Z] A#B� �{ .�Y{Y� [& �Y 52Ì¿Á�-2WY l':W É�Ì³ Ã�Y|¿Y ÉZÅ z-`Ì� �{
É�#“  d��� É�Ì³ Ã�Y|¿Y ÉY�] 5`Ì_Z6:$ �Ì³�Z] [& Á 5*DYÁ d��� É�Ì³ Ã�Y|¿Y ÉY�])#Gm ‘�7 ({#� 5$ Ã{Z;-�Y .+Ì67 �{

 5*DYÁ �Y|m$ V|�Z] Ã|�¿ Ã{Z;-�Y zÅ LÌ`¿Y�;&{ L;D �Y �³Y 5B&Y��|&d 5$ d�{ !] l':W .V5By l�Y�] LÌG]  �Y Ã{Z;-�Y Z]

 !W{Z*$)1(52Ì$Z6&{ �Z] 56Ì] fÌa !B]Y� +&�-Æ] IY#6� !] |�Z] 5$ �#-¯Y�  L¯ 52Ì Z-�Y I�Á �]Y�] 52Ì$Z6&{ �Z] �Y|m$ Id �{ !¯

|�Z] 5$ ZBy �&{Zm$ +&�-?¯ ÉY�Y{ !¯ |� cZH-¿Y .µÁ|m �{ l�Y�] LÌG]  …&Z-¿2Ã{Y{ IZ�¿ d�Y Ã|� .!W{Z*$)13(+Ì] "ZC �Y

|Å{ 5$ IZ�¿ Y� 52Ì$Z6&{ �Z] µÁY !W{Z*$ �Y Ã{Z;-�Y Z] Ã|� 56Ì] fÌa �&{Zm$ Á Ã|� É�Ì³ Ã�Y|¿Y l':W .µÁ|m2�Y LJZZ …&Z-¿ 
|Å{ 5$ IZ�¿ !W{Z*$ �ZÆ7 Z] Y� 5By l�Y�] .!W{Z*$ �Y Ã{Z;-�Y Z] 56Ì] fÌa !¯ {#� 5$ !EZ{$)1(Y|m$ �Y �-?¯ Ã�Y|¿Y 5*DYÁ �

!] É�  [&{'¿ �Y|m$ ey NÌ� Á |�  5$ Ã|� É�Ì³1{�Y{ .L2� �{)5(�Z] !W{Z*$ �ZÆ7 �Y Ã{Z;-�Y Z] Ã|� 56Ì] fÌa �&{Zm$ V
d�Y Ã|� Ã{Y{ IZ�¿ Ã|� É�Ì³ Ã�Y|¿Y �&{Zm$ L]Zm$ �{ 52Ì$Z6&{ .ÉZÅ !W{Z*$ !¯ {#� 5$ !EZ{$)2(Á)3(Á)4(±�'] �&{Zm$

C`¿ Y� É�  !W{Z*$ !¯ 5WZZ �{ Ã{� +Ì?H  l':W 5*DYÁ �Y|m$ d)1(ey !]45Á Ã|� 56Ì] fÌa �&{Zm$ ÉÁZ`  �,¿ZÌ] !¯ !m�{ 
|�Z] 5$ � [&{'¿ Vd�Y Ã|� É�Ì³ Ã�Y|¿Y .

)13(Sm915/0=Sp

!¯SpÁSm|�Z] 5$ Ã|� É�Ì³ Ã�Y|¿Y Á Ã|� 56Ì] fÌa l':W NÌ �-] .
µ#|11-aKol �Ë{Z\- 5'6¿Z'- )Ã|� Ê+'* T'M # >�'e Ã�Y|¿Y (ÊCC¯ �Z* #
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µ#|12-Ã|� >�'e Ã�Y|¿Y # Ã|� Ê+'* T'M aKol >Y�* a�Y�* D!-�? dËZ0¿ 

µ|$ Ã|� l�Y�] !W{Z*$ l�Y�] {�Y|¿Z-�Y ÉZBy +ÌÌC  N&�O 

!W{Z*$1Sp = 0.915 Sm551/099/0

!W{Z*$2Sp = 1.504 Sm711/097/0

!W{Z*$3Sp = 1.432 Sm840/096/0

!W{Z*$4Sp = 1.389 Sm038/195/0

aKol(%) 

BË{�ÊCC¯ >#�'¿
)kN(

Ã|� >�'e Ã�Y|¿Y )l{Z,-1)l{Z,- 2)l{Z,- 3)l{Z,- 4

15/6101/98/134/149/13

24/85/117/104/174/1616

34/93/122/114/187/171/17

48/107/131/125/209/197/19

56/112/153/141/237/2105/21

63/133/18178/28274/26

71/146/196/16297/2828

86/14214/193/328/299/28

93/154/22207/346/336/32

10 9/154/235/223/347/339/33

11 6/171/251/231/374/369/35

12 6/182/263/234/391/352/34

13 1/196/274/257/401/393/37

14 6/191/286/255/425/402/38

15 6/205/294/274/447/411/40
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µÁ|m �{ {#m#$ ÉZÅ Ã{Y{ !] !m#  Z]˺d�Y Ã{�¯ Y|Ìa f&Y'MY l':W �&{Zm$ 5��¯ �Z] f&Y'MY Z] V.e&Y�� 5h*] �{ !-CWY
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Assessment of Dynamic Load Equations for Selecting the Most 
Appropriate Ones through Drive Wheel Slip Measurement 

 

ABSTRACT 
Many parameters such as dynamic load of tractor’s drive wheels influence the 
traction of tractors. An increase in drive wheel's dynamic load increases the net traction, 
but high dynamic load decreases the tractive efficiency that must be avoided. 
Development of tractor-mounted implements due to good maneuvering and weight 
transfer from front axle to rear axle led to effective performance of tractors. Therefore, 
sufficient knowledge regarding weight transfer phenomenon and dynamic load 
measurement or prediction is essential. Direct measurement of tractor dynamic load of 
drive wheel encounters some problems and obstacles. An alternative approach to 
determine this important parameter is to use equations of dynamic load prediction. In 
this regard, a research effort was undertaken to choose the best equation. Four equations 
were considered; in equation 1, which dynamic rear wheel load is assumed equal to 
tractor total static weight, in equation 2, the static rear wheel load and the amount of 
weight transfer is considered and equations 3 and 4 in which moment effect of front 
wheel rolling resistance in addition to static weight was taken into account. In this 
study, the equation given by ASAE in which wheel slip is calculated based on dynamic 
load was applied. The calculated magnitudes were then compared to measured amounts 
through field tests. Results showed that equation 1 is the most fitting one and a 
relationship was obtained as the slip predicted by equation 1 is 0.915 of slip measured   

(R2= .99, R.S.E= 0.55). This conclusion is in agreement with other researchers’ 
finding. 

Keywords: Dynamic load; Wheel slip; Weight transfer; Tractor; Rolling resistance, 
Tensile load cell 


