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Abstract

This paper considers ways to increase stability of wheelset hunting. The aim of this study is to introduce formulas which
represent the damped natural frequency and its damping. This has been done by analytical and not by numerical calculation.
These formulas are functions of mass, creep coefficient and other wheelset parameters. These formulas are obtained with a 2
degree of freedom wheelset model whose radius of gyration of yaw equals to a half of gauge and whose creep coefficient is
isotropic, in the first part of this paper. In the second part, based on one of these formulas, ways to increase damping of
wheelset hunting are discussed. First, it is shown that a longer wavelength of geometrical hunting is effective in reducing
hunting at all vehicle speeds. Secondly, it is shown that at speeds slower than a certain speed, the damping is increased when
the ratio of the wheelset mass to the creep coefficient is larger. Further, a symbolic formula for this boundary speed is
obtained. Thirdly, if it is assumed that the wheelset mass is proportional to the square of the wheel radius, then at speeds
higher than a certain speed, the damping is increased when the wheel radius is larger. Moreover a symbolic formula for this
boundary speed is also obtained.
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Fig. 1 Model of wheelset and track
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Table 1 Numerical example of roots of eq. (12): These calculations are conducted with the following parameters: m=1600[kg],
b=i=0.6[m], k= (7.55+6.77)/2[MN/rad], y=1/20[rad] , 7;=0.43[m]. Imaginary parts of two pairs of roots were consistent.

A pair of roots The other pair of roots
V [m/s] Real part [1/s] Imaginary part [1/s] Real part [1/s] Imaginary part [1/s]
80 -7.93873 +30.8410 119.814 +30.8410
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(A) Real part of unstable root
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(D) Imaginary part of stable root
Fig. 2 Example of calculation; These calculations are conducted with the following parameters: m=1600[kg], b=0.6[m],
111=7.55[MN], #,,=6.77[MN/rad], y=1/20[rad] , =0.43[m]. In addition, i =b. These lines were calculated with eq. (35) and

(36). These dots are numerical solutions of eq. (3). From these figures, it is thought that eq. (35),(36) and (38) express
fundamentals of the hunting of wheelset.

(C) Real part of stable root

[DOI: 10.1299/transjsme.17-00064] © 2017 The Japan Society of Mechanical Engineers  [JEJl}



Sakai, Transactions of the JSME (in Japanese), Vol.83, No.854 (2017)

4.2 V)—TREBOME®REEREDLDERRE

%ﬁgﬁﬁ?ai K22/K'11:0.88 ”63?)675)‘, K22/K11 @‘FBE{ﬁbi 0.8 k @?Eﬁﬁﬁ§3})é (*}E@J:Ei/\?/ F‘jy 7%%%%%%
fig, 1991). #ZC, ZOFREEZEEL T, K2 DHILIZBNT Kty DIEEZ —EDEE, Kkn/k=0.8 & LTEF

BLERREEZM3IORT. Z08EEL, X (I)DIREDEEIFHE TRVWE 2B b 5.

V [m/s]
40 30 120
E2

27 '&: 10 ° Jic,,=0.8
— -10 N Kpplkey =U.
,\8: — Kyl =1

®  Kylk;;=0.8

— Kyl =1 0 40 80 120
-20 V [m/s]

(A) Real part of unstable root (B) Imaginary part of unstable root

Fig. 3 Error due to the ratio of longitudinal creep ratio x, to that of lateral x,,: This calculation is conducted with the values
described in fig.2 except x;; and x»,. In this calculation, xtx2,=7.55+6.77 [MN] is assumed. These lines were calculated

with eq. (35) and (36). These dots are numerical solutions of eq. (3). In case of xy,/x;,;=0.8, the approximation as r,/x;;=1
dose not yield any significant difference.
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(A) Real part of unstable root (B) Imaginary part of unstable root

Fig. 4 Error due to the radius of gyration i: This calculation is conducted with the values described in fig.2 except i. Thus, in this
calculation, b is constant. These lines were calculated with eq. (35) and (36). These dots are numerical solutions of eq. (3).
Even in the approximation as i/b=1, the fundamental properties of (w, and w,appear to be represented by equations (35)

and (36), respectively.
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S
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— y=x120 0 40 80 120
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(A) Real part of unstable root (B) Imaginary part of unstable root

Fig. 5 Influence of the gradient of wheel tread y: This calculation is conducted with the values described in fig.2 except y. When the
gradient of wheel tread y decrease, {w, increases at this V.
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(A) Real part of unstable root (B) Imaginary part of unstable root

Fig. 6 Influence of the mass of wheelset m: This calculation was conducted with the values described in fig.2 except m and . x is
determined by eq. (44). Further m is assumed 4150[kg]. Reduction of m increases (w,,.
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Fig.7 Influence of the radius of wheel r, related mass of the wheelset m (x is defined as a function of m): This calculation is
conducted with the values described in fig.2 except 7y and m and . x is determined by eq. (44). An increase in ryincreased
(w, at >87[m/s].
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