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�� rl,θ  is individual rotational velocity of
left and right wheels.

In small intervals of time dt in seconds, the displa-
cements at the wheel contact points are actual and due
the rolling.

Components of actual displacement are:
1. Longitudinal component is vdt±adψ for the left and
the right wheels, where ψ  is rotation round an axle Z;
2. Lateral component is dy.

Components of rolling displacement are:
1. Longitudinal:

	L�ML

where  r’ = r
o
 ± λy.

�)�#
�
�
�Q�	L�θψ+
where θ – rotation round an axle Y.
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vdt

dradvdt
y rl

θ−ψ±= '
, ) �+ 

By substituting φ+ω=θ ��  and ω = v/r
0
 we have:

γ
l
 = - (a/v) ψ�  - (r

0
 /v) lφ�  - (λ/r

0
)y; �� 

γ
r
 = - (a/v) ψ�  - (r

0
 /v) rφ�  - (λ/r

0
)y. (3)
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γ= (dy - r’dθψ)/vdt=( y� /v)-ψ. (4)
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Fc = -fγ . (5)
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Fcy =-2f( y� /v-ψ). (6)
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By defining φ= (φl-φr)/2, we gain:

Yc = -(2fa2/v) ψ� - (2faλ/r0)y - (2far0/v) φ� . (8)

Individual wheel pitching moments are:

(Pc)l,r=fr0 ((-a/v)ψ±(λy/r0))-(r0/v) rl,φ� . (9)
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Pc=-(2fr0a/v) ψ� -fλy- ( 2
0fr /v) φ� .

.)/()/2( 2
00 φ−λ−ψ−= �� vfryfvafrPc �+� 
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where: a1=(acosd0-c)-1;
∆R=Rw–ρ – the difference between the radius of

wheel profile Rw and the railhead radius ρ.
For infinitesimal values of the contact angle δ0

and c/a, ρ/a≤1, the equation (11) simplifies to:
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�flexible pri-
mary yaw suspension, the total wear t (summed over all

four wheels of the wagon) is shown in Fig 2 for a range
of track curve radii and for both conventional and inde-
pendently rotating wheels.
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