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Torsional oscillations of armature shaft of
generator of main diesel locomotive in diesel
start-up mode

A. T. Djanikulov’, and U. I. Abdulatipov
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract. The article considers a mechanical model of torsional
vibrations in the starting system of a diesel generator (DG) with two
concentrated mass moments of inertia and a previously unaccounted factor
of torsional vibrations between the traction generator and the crankshaft of
a diesel locomotive of the UzZTE16M type. For this model, the Lagrange
method is used to derive a system of equations for mass oscillations along
the generalized coordinates of "kinematic" and elastic oscillations between
the masses of the armature of the traction generator and diesel engine with
a variable mass moment of inertia. For the resulting system of equations,
by the method of operational calculus, solutions were made for the
accepted functions of mass moments of inertia, moments of driving forces,
and resistances. Based on the developed model, it is recommended to
determine the angular velocity of the diesel crankshaft which is currently
used.

1 Introduction

One of the expensive components of a diesel locomotive is the battery. During the
operation of diesel locomotives of the UzZTE16M type, cases of difficult starting of diesel
engines due to a decrease in the capacity of the battery are not uncommon. Theoretical and
experimental studies presented in [1, 3] showed that most of the storage batteries TPZhN -
550 diesel locomotives of the UzZTE16M type have a service life at "Uzbekistan Temir
Yollari" JSC from 6 to 10 years. Some of these diesel locomotives do not turn off the diesel
of one of the sections to start the second one. This leads to an additional expenditure of
funds to purchase fuel and oil. Therefore, research on developing and improving the
conditions for launching diesel locomotives in the Republic of Uzbekistan and on the
territory of the CIS countries is relevant.

Earlier, studies were carried out to justify the parameters of systems that facilitate the
process of starting diesel locomotives with the electric transmission of direct and
alternating current [4-6] and the operating conditions of electrical equipment of diesel
locomotives [7-17]. In several such systems, new contactors and devices were used, which
complicated the control and reduced the reliability of diesel locomotives as a whole. At the
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same time, the available reserves for improving existing systems and electrical devices
were not used.

Therefore, based on the study of previous studies and designs of various systems, to
facilitate the launch of diesel locomotives with the electric transmission of direct current
(EP PT) and alternating current (EP PPT), it is necessary to find out the available reserves
of power and control circuits.

In works [20], mainly electromechanical phenomena in circuits and devices that ensure the
start of diesel engines were analyzed. At the same time, the relationship between the
rotational frequencies of the armature of the @ (#) traction generator (TG) operating in

the electric motor mode and the crankshaft of the diesel @, () engine being started was

not studied. This article solves the problem of torsional vibrations of the reduced masses J i
(t) of the TG armature and diesel engine in the mode of starting the diesel generator from
the battery and additional devices.

The following assumptions were used to solve the problem:

The model of torsional vibrations of a two-mass elastically connected system, characterized
[1], was used as a calculation model:

- functions of the reduced mass moments of inertia J1 (t) t = t + t,;

- function ¢, (t)of "kinematic" oscillations of the mass J,(t),loaded with a driving
moment M, (¢);

- function ¢4 (t)of elastic vibrations of the mass ], (t), relative to the mass J,,(t)), under the
action of the torque of the resistance forces M, (t)) applied to J;(t); at the same time, the
torsional rigidity of the elastic connection Cybetween J,,(t)and J,(t)is considered constant
during the time t = 0 + ¢5.

2 Objects and methods of research

To derive the equations of torsional vibrations for the model according to claim 1, the
Lagrange method was used with expressions [17] for:
kinetic energy

T =200+ (1) 40 (24 Loy m
potential energy
M =Cap3(0) 6))
work of external forces
dA = M, ()0, — Ma(£) (0, + 0o), 3)

Lagrange equations in generalized coordinates ¢,,(t) and ¢4(t):

1+

o, dp. dR()  dJ(t)
J@O+J,0)] 2 yo /Ly =7
[/, (@) +J,(0)] R =, 7
d’e,  dp, aJ, (1)

+J,(t + =M (t)-M (¢ 4
(D) 2 =M, @)-M,()
d’e, dJ,(t)de, d’e, do, dJ, ()
J(t Yy 4 L+ J(t 4y Ty K e, =—M (1) 5)
o) dr dt  dt ) > dt [ dt e )
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The resulting system of equations (4) - (5) is characterized by variable coefficients and
allows approximate solutions.

Let us perform approximate solutions of these equations with the introduction of
assumptions.

On the constant value of J,,, equal to the mass moment of inertia of the armature and the
approximate function

J,(t)=J,e” (6)
where
p=Lm’o %)
t3 ']0

Where J, is the mass moment of inertia of the rotating units of the diesel engine,
reduced to the angular velocity of the crankshaft and corresponding to the circular
frequency of rotation @, (¢) of the main generator armature; J , is the reduced mass

moment of inertia of all rotating and translationally moving masses of the diesel engine at
the end of the time # =7, for the completion of its launch.
In this case J, = const (for all rotating masses of the shaft and armature of the main

generator in the mode of its operation as an accelerating electric motor for diesel masses
during the time ) £ =0+¢,)

We specify the torque functions:
- Propulsive, attached to the shaft of the anchor

M ()=a,+at+.. @)
- forces of resistance to rotation of diesel masses
M,t)=d,+dit+.. 9

where @; and d; and - coefficients of polynomials - known constant values determined

for the conditions:
t=0,when M (0)=a,:M,(0)=d, (10)

f:t3,whenMy(t)=a0+alt=M M,t)y=d,+dt=M,, (11)

ym?

Under these assumptions, we obtain the following system of equations

N , A%, d ,
(J, +J,e" )7&% 4, B +J e 7‘?4% " =a,—d, +1(a,—d,),

o, io oy o
T A B e d:’jd +% BJoe" +Cyp, =—d, —dyt
In this system of equations, we change functions based on and: @, and @, :
d 2 2
do, — 0. ?, —w d g, :da)d d g, =da)y (13)

dt ot VoAt dt T dr dr
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and then we perform the differentiation of all terms of equations (4) - (5) conceming time t,
taking into account conditions (6), (7), and after dividing all terms by J, e”anew system

of equations, we obtain

ddi’g (J}l —ﬂt+1)+2ﬁ +fo ddi’a +2ﬂdwa + fo, :a1;d1 e =ge” (14)
0
dza) do d 10) do Co d
LA +flo,+—2 42—+ fa,+ e =——Le 15
7 ﬂdtﬂ P ﬂaJO 7 (15)
We perform additional averaging of functions over a period of time £ 3
J —lnﬁ
=—j( > ‘ﬂ’+1)dt=1+—y]n']—d(1—e D) (16)
Jo Jy
1’3 C c,. J In%t
Pi=—[(Zeldt="h"t(-e ”) 17
Ly Jo Jo Jy

2
For systems (16), (17), we accept the initial conditions as zero % =0 and % =dg,/
t

dt. Let's solve the solution by the method of operational calculus [13] and get the images of
the solution:

o, (P)(A, P> +2fp+ B*)+w,(p)p* +2fp+ ) =—E_ (18)
p+p
0, (p)(p> +2fp + B2)+ 0, (p)p +2fip+ P2y =——DL_ (19)
p+p

To solve this system, as an algebraic one concerning images, we first compose the
determinant from the coefficients at @, (p) and @, (p)

_|Ap +2Bp+ B P +2Bp+ B
P +2Bp+pB P +2Bp+P) (20)
=(A,p*+2Bp+ NP +2Bp+P))—(p* +2Bp+ f°).

2 2
Denote Ayp2 +2fp+ 2 =c;; P A2fp+ P =cy (PP 2B+ ) = ¢
To find the last function, we solve the equation A, = 0. In doing so, we consider the

conditions that ¢, > ¢; and ¢, >¢5, a ¢,c, >> 032 . Therefore, we obtain an approximate
solution in the form

Ay = A,(p* +2B,p+ B, Xp* +2fp+P])=0 @)

whose roots look like

P =—p tia =—p tiy ﬁzz _ﬁlz 22)
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P3a =—f tiay=-p ii\/Poz _,82 23)

And now, we get the images of functions by an approximate method

a)(p):iLgl p2+2ﬂp+ﬂ2z p@l (24)
5 Azp+ﬂd1 P2+2,3P+P§ (p+ﬁ)(p+,31—ial)(p+ﬂ1+0€1)7

o (py= L P | AP T2pE S 6| pd, (25)
T A, p+ B P 2Bp+ B —d| (p+BNp+B—ia)(p+B+a)

then the originals of the approximate solutions

” - 26
w,(t)= 6,€ . _ {H_((ﬁ ﬁl)sinalt3 —cosa1t3)~e(/”/j”} (26)
Aﬂl(ﬂ_ﬂl) +d1J [
de” @7)
w,(t) =~ Pozl e [1-cosa,t)]
At the end of the diesel 7 = ¢, start time, we obtain from (26), (27) the values of the angular
velocities.
7Inj—‘7 ./,,7
0,(t) = w5 = Aﬂ[(ﬁgl—eﬁ])z +af]{1+((ﬁ;ﬂ')sinalt3 —cosa]tzj.elnf " } (28)
‘/ﬂ
d " 29
wo(f):—sz_ﬁze o [1-cosayt, ] (29)

To estimate the average values of the functionw, (t)

dwys _ Mys—Mps (30)
dt Jps

where M_YS-M_DS is the arithmetic mean values of the driving moments and resistances
for the time t=0+t_3 , and we get

Mys—M,
wys(t) = %t, (€29)]

The resulting function of the angular velocity of the engine acceleration model is
represented by the equation

wy () = wys(t) + wy(ts;) (32)

3 Results

We accept [2] that during the start, after 3-5 seconds of the process, flashes begin in certain
cylinders. And we're looking at the first 5 secondst, =0+5. Computational studies of
changes in angular velocity and driving moment for two variants of electrical circuits,

existing and recommended in the time interval from 0-5 seconds, were carried out. The
calculated values of the angular velocities of the anchor are given in Table 1.
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Table 1. The calculated values of the angular velocities of the anchor.

serial scheme recommended scheme
e | Jos oo, [ o, [ o, [ M50, [ o, [ o, [ o0, [ Mi@,
kgms -1 -1 -1 -1 -1 -1

c c c Nm c c c kgm
0.8 3 0. -0.01 0.01 2800 0.8 0.2 1.0 2200
1 6 0.5 -0.06 0.44 2600 1.5 0.25 1.75 2500
2 11.7 3.2 -0.25 2.95 1800 5.1 0.36 5.46 2700
3 17 5.8 -0.56 5.24 1200 8.7 0.6 9.3 1700
4 23 8.5 -0.99 7.41 950 12.3 0.72 13.02 1000
5 30 11.7 -1.51 10.19 800 15.9 0.65 16.55 750

4 Conclusion

1. The diesel start-up scheme on diesel locomotives of the UzTE16M type is
characterized by the functions of the reduced mass moment of inertia of the diesel engine
Ja(t), the driving moment Mg (t)and the function of the angular velocity wy (t).).

2. The solution obtained makes it possible to calculate the driving moment Mg (t)) and
the range of change in the angular velocity wf,’ (t)when starting the diesel generator set of
diesel locomotives UzZTE16M for comparison with experimental data.

3. When using the recommended scheme, an increase in the driving moment Mg ®
according to column 10 and the angular velocity of acceleration wg (t) of the movement of
column 9 of Table 1 is achieved.
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