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INCREASE OF FUEL ECONOMICAL EFFICIENCY OF MULTI-
SECTIONAL DIESEL LOCOMOTIVESBY PERFECTION OF THE
ALGORITHMS OF CONTROL BY DIESEL-GENERATORS

Summary. In the article one of the ways of reducing of foehsumption at railways is
explored. It is shown, that now there is possipitit substantial (5-10%) improvement of
traction-economical characteristics of multi-sectibdiesel locomotives due to the use of
the microprocessor systems of control, which catesdiesel-locomotive characteristic
and provide the asynchronous condition of operatafrDiesel-generators in dependence
on the conditions of traffic of train.

[OBBILLIEHUE TOIUIMBHOM SKOHOMUYHOCTU MHOT'OCEKIITMOHHBIX
TEIIJIOBO30B COBEPIHEHCTBOBAHUWEM AJITOPUTMOB VYIIPABJIEHUA
JU3EJIb-I'EHEPATOPAMMU

AnHoTamusi. B cratbe mcciaenoBaH OIWH M3 MyTeH yMEHBIICHUs 3aTpaT TOIUIMBA Ha
JKENe3HBIX JIOpOrax. YCTaHOBJIEHO, YTO B HACTOSIIECE BpPEMSI MMEETCS BO3MOXHOCTb
cymectBeHHOT0  (5-10%)  yiydIleHHsT  TATOBO-DKOHOMHYECKHX  XapaKTEPUCTHK
MHOTOCEKIIMOHHBIX TETUIOBO30B 3a CUYET MPHUMEHCHUS MHUKPOMPOIECCOPHBIX CUCTEM
yIpaBJIeHHs], KOTOPbIE KOPPEKTUPYIOT TEIJIOBO3HYIO XapaKTEPHCTUKY M 00CCIICUNBAIOT
ACHHXPOHHBIH pPEXHM pPadOThl JNU3EIb-TEHEPATOPOB B 3aBUCHMOCTH OT YCJIOBHH
JIBIOKCHUS COCTaBA.

1. INTRODUCTION

The tendencies of development of transport netvadrilkraine are closely connected with the
increase of efficiency of work of railway transpart particular, with the necessity of the consumpt
cutting of fuel and energy resources and improven@ntraction properties of locomotives. It
stipulates high requirements to quality of operatibthe system of control by Diesel-generators \DG
of diesel locomotives. It had been ascertainedhénfirst works in which the fuel economy of diesel
locomotives was studied [1], that fuel economidéitiency was mainly determined by perfection of
operation process of diesel on the operating camdit It was envisaged thus, that maximum
propulsion efficiency (PE) of diesel locomotive washieved at coincidence of diesel-locomotive
characteristicp, = f(n,) with its economic characteristie, = f(n ) Then it was approved [2-4],

that distributing the modes of operation on hourd eoincidence of base region of the most PE of
diesel according to its economic characteristichwviite region of the primary modes of loading in
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operation influenced substantially on the diesebtootives operating characteristics. The number of
the works [2, 3, 6, 7, 9] directed on rapprochentdrihe characteristicpg = f(nﬂ) to economic one

was also carried out.The experience of usage dfetiiewith various velocity characteristics had
shown that diesel locomotives, at which the diebalge higher capacity according to characteristic
P,=f(n,), are more effective in operation at equal effectiglues of the PE [6, 9].

It is very important, that its level would be lowtronly at rated powef P, ), but also on the

intermediate conditions (fig. 1).

It is necessary also to note that from all locortliesels the Diesel-generatat-5/149 has the
least range of capacity, in which the specific @ffee fuel consumption changes in relation to its
minimum magnitude insignificantly de min:2141 g/kW*g). The investigations on the special

methodology with the use of regime meters of wagkiours [9] were conducted by the All-Russian
Research Institute of Railway Transport to deteemthe magnitudes of average specific fuel
operation consumptions for the most loaded are#tseafailway network.
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Fig. 1. Consumption characteristic of Diesel-getmardlA-9DG and distributing of under-load operation
conditions of diesel locomotive power-plaidt: — relative time of operation of the DG; PK — pimsitof
controller-engine-driver

Puc. 1. Pacxonnas xapakTtepucTuka auseinb-reHepatopa 1A-9/II" m pacnpenesieHHE pPEXHMOB HarpyXeHUS
CHJIOBOW YCTAaHOBKH TEIUIOBO3a: [ —OTHOCHTEIbHOE BpeMs pabotel DG; PK —mosuius xoHTposepa
MallyuHUCTa

The results of these researches for a main dieselrotive IE116 with the power-plant by
capacity P, = 2200kW have shown that diesels tick over in the avewrysut 62% of time. Time of

work under loading was distributed in this way: 088% of time were set the conditions of the
middle loading, about 32% — small loading (1...5 poes of controller), 4,5% — condition near to
nominal (13..15 positions), and only 0,5% — nomueidition.

Consequently it is possible to draw conclusiont tlme of diesel operation on low positions of
controller-engine-driver (both main-line and yargsgl locomotives are operating mainly on such
conditions) influences most substantially on therage fuel operation consumption. That is the basic
work of the DG (84,5%) occurs in the range of capscwhich do not coincide with the region of
maximal PE.

It is visible from the conducted analysis, thatréhés the real possibility of perfection of
algorithms of loading of the DG diesel locomotivesring their work on the operation average
conditions and, as a result, to achieve econonagyeskl fuel in the order of 5-15%.
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2. SUBJECT OF STUDY

It is generally known, that the reduction of congtion characteristicg, = f(Pe) can be
attained by the rise in this zone of diesel locoweotharacteristi®, = f(n, ), that is by the increase

of diesel capacity at the lesser rotational speddsrankshaft. Thus a curv@, = f(n;) will be

approached to economic characteristic. Howeverrigee of diesel locomotive characteristic is not
always possible because of its proximity to theries/e curve. In transitional processes the cépac
of diesel can attain a restrictive characteristiexen surpass it, that will result not only in therease
of smoking (fuming) of exhaust and increase of w@mhsumption because of decrease of the excess-
air coefficient, but also to the increase of thertial loading on the details of cylinder-pistonugyo
and, as a result, to the reduction of reliabilityli@sel.

Therefore, the main ways of the operation averagesumption of fuel by main diesel
locomotives during work under loading are the failog:
change of consumption characteristic of diegek f( P, );

improvement of algorithms of work of the system tbgé incorporated control by a diesel and
electricity transmission in transient conditions;
introduction of asynchronous method of loading okdel-generators of multi-sectional diesel
locomotives.

For evaluation of effectiveness of the offered gjeenthe data of rheostat tests ©£216 diesel
locomotives were used. THE tests were executeldderCoblomensk diesel locomotive building works
[9]. Then, consumptions of energy on proper ned@s = f(n,) were determined in the electric

transmissiongp for several current poinfg;, J,0on one of consumption curveg, = f( P, ,n,)
and traction (tangent) capacity of diesel locon®t®? was calculated according to the following
dependence:

p.=[p1n, -2P,1n, 1,1, (1)
where: /7] — accordingly: the PE of the traction generatectifier set, traction engines, traction
reducing gears and realization of traction efforthe contact of "wheel-rail".

The general losses of power on own needs at noatmabspheric terms were accounted on
empiric dependence of such form:

AP, =5010"n,* -0,29n, + 657 , kW 2)(

That is, if to consider not separate DG, and a#itesy "locomotive- train-track", it becomes
obvious that well-known economic characteristidl not be the most effective. Such effective
characteristic will be some other one which is tedamore left serial and nearer to restrictive
characteristic of DG. Additionally it is neededamphasize that it is possible to realize a nevomati
adjustment of diesel locomotive characteristic oslybject to the conditions of the use of the
microprocessor system of control by the DG, becasthe change of atmospheric conditions of
traffic and loading of the DG it is necessary toauact its correction with the purpose of non-

admission of increasing the temperature of exngases on the conditions of 35-70% frdp,

3. RESULTSAND DISCUSSION

The results of modeling of the DG operation witk tmproved diesel locomotive characteristic
are shown in table 1.
Except for the offered change of diesel locomotikaracteristi®®, = f(n P ), it is necessary to

analyze the possibility of reduction of running mg®n consumptions of fuel at the expense of
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introduction of asynchronous methods of loadinghef DG multi-sectional diesel locomotives. That
IS, it is necessary to determine the ranges ofagpeelatively the effective use of this method by
comparison of weather consumptions of fuel at sgombus (serial) and asynchronous loading of the
DG.

Additionally we will compare power balances at was methods of control by the power systems

of diesel locomotives on condition of equivalenboth variants of realization of tangent capadity
and work of driving section on idling.

Table 1
The results of modeling
™ N [e0] ™ [e0] ™

capaciyofthe | B |5 | B 188|388 5/g/2/8|8|8 ¢
apacityoithe | o | | [ |w |~ |0 ([ SID31Y|319|8]2
DG, kw

. o o — A L0 o] N~ o < [o0] o o [e0] (o] Lo
Rotational speedof § | & | ¥ |2 | ¥ | 6B |8 | 8| 8|8 |R|IXR|K|8|8
crankshaft, rom

ifi o |~ ™ ~N|lom o | MmN N

SpeCIfIC .fUE| i (@)} % N~ g g < < ™ [42] g [42] ™ [$2] g
ConSumptlon o™ [qV} N N N AN N AN [qV} (qV] [qV} (qV] [qV} (qV] AN
Je .9/kW*g

Reduction of

specific fuel O N o |Q|;w Mmoo | Ww| o | NN O |
consumption in [e0] (o] N~ (o) [e0] N~ N~ O N~ N~ [ee] (o] [e0] (o] (0]
percents to
serial characteristic

Power balances at serial synchronous and asynaisoleadings of the DG of two-sectional
diesel locomotivesPE116 by the ¢ (1) and (2) can be described in soch:f

P =[(P.+P.)q,, ~APu-AP .0, 3, 3H,0, )
Plc=(P.W, —AP o —AP o — AP .. - AP , n., 4, 4,8, (4)

where: P*; — total traction tangent capacity of two-sectioni&sel locomotive accordingly at

synchronous and asynchronous loading of the IE’G;, P’ . — effective capacity of the DG first and

second sectionsAP +, AP ¢ — losses of power on own needs in the driving dmiven sections;

AP"Mx, AP"p — mechanical losses of power in traction engimesraducing gears at motion of the
driven section in the shutting off sta#g; , 77,,,, /] ,,, 1],, — accordingly: PE of traction generator,

rectifier set, traction engines, traction reduayegrs and realization of traction efforts in thateot of
"wheel-rail".
_Thus, it is necessary to note that the PE of ldments of the power system of diesel locomotive
can be determined by known dependences:
— UI " _Ulml)_Asz) :
- ! ,7m0 - !
Ul +4AP, ul,,

n,= ' 17,

v, +U
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_ 1 . n. :L (5)
n,= " ; ” Ul +4P,
1,015+ 0,05( " J
M}\'
where:U, | — voltage and current on the outlet of the resntiﬁet;Ang — accordingly the losses of

power in a traction generator, traction engined aectifier set;Vﬂ — speed of movement of

Iocomotive;US — speed of sliding of the wheel pair’% — current in a traction engin®|, My —

nominal and current values of traction engineuerq

Except for it, the losses of power in traction egi and reduction gears on friction in bearings,
friction of brushes on a collector and frictiontite engine-axles bearings of the wheel pair atanoti
of the driven section in the shutting off state barcomputed by such empiric dependences:

14
ap =N D) 1500, ©)
3¥ )

where: H, — gear ratio of reduction geab) G,, — diameter of collector of traction engine and

Kkm '
angular velocity of its rotation.

For the preliminary evaluation of rational zonetlod asynchronous loading of the DG of multi-
sectional diesel locomotives we will assume thatrttagnitude of additional power of driving section
on compensation of mechanical losses in the dbestion is determined by the mechanical losses in
traction reduction gears and traction enginesHeraverage statistical speed of movement of freight

train in the order of\/ﬂ =41.5 km/h [9]. It should be noted that the constioms of fuel were

calculated in pursuance of the method, offered byK&ssov [6]. The results of computations and
rational distributing of capacity between the Dlegnerators of two-sectional diesel locomotive
2TE116 are demonstrated accordingly on fig. 2 andlihet2.
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Fig. 2. Hourly consumption of fuel at the synchros@nd asynchronous control by Diesel-generators
Puc. 2.Yacosoit pacxo TOIJIUBA IMPU CUHXPOHHOM U aCUHXPOHHOM YIPABJICHUN AU3CJIb-TCHEPATOpaAMU
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4. CONCLUSIONS

The results of mathematical simulation and opegatists of diesel locomotive¥R116 shows:

1. Nowadays there is possibility of substantial (%) improvement of traction-economical
characteristics of multi-sectional diesel locomesivwof type ZE116, ZI'E121, 2TE10V, 3TE10M due
to the use of the microprocessor systems of cqmitdch corrects the diesel-locomotive charactierist
and provide the asynchronous condition of operatadfrDiesel-generators in dependence on the terms
of traffic of train.

2. The transition on the asynchronous loading esels at the temperature of surrounding air of
t<30°C is recommended to executeat= 375kW in every section to achieve the best fuel econom

of the DG of model of A-9DG (I8H26/26) and non-admission of sharp change of tnaatiforts.
Thus, the DG of driving section must work with caipa P, =840 kW for conservation of the

traditional distribution of tangent capacity of timole locomotive relatively position of controler
engine-driver. That is, at the traditional 15-pasial control the transition on the asynchronous
loading of the DG must be carried out in the cdsadtching of controller with N=3 on N=4 position
and be maintained in this condition to N=7.

3. At the temperature of surrounding air of t33@he microprocessor system of control by the DG
must automatically increase the level of diesebinative characteristic in the range off rotational

speed of diesel crankshatt, =850-:-1000 rpm.

Table 2
Distributing of capacity at Diesel-generator relaly positions of controller-engine-driver
Ne of position synchronous asynchronous control
control
Capacity of two- CapacityP, CapacityP,
sectional diesel of driving section of driven section
locomotive

1 314 (15% 2) 157 157

2 514 (25%2) 565 0

3 708 (354 2) 786 0

4 912 (456 2) 1020 0

5 1116 (55&% 2) 1240 0

6 1422 (71Xk 2) 1562 0

7 1724 (86X 2) 1840 0

8 2006 (100X 2) 1003 1003

9 2284 (114% 2) 1142 1142

10 2596 (129& 2) 1298 1298

11 2906 (1453 2) 1453 1453

12 3276 (163& 2) 1638 1638

13 3646 (163& 2) 1823 1823

14 3984 (1992 2) 1992 1992

15 4320 (216G 2) 2160 2160

4. The economy of fuel about 1-:-3.2% is additibnarovided at the expense of regulation of
amount of the connected traction engines in depe®&l®n the operating conditions of electric
transmission and decreasing the losses of powttreodrive of ventilators of the cooling systems.
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5. At the offered system of control during openatiof diesels in a range from 35 to 70% of

nominal power, the temperature of exhaust gasiesrisased on 20-70 only, that does not exceed a
permissible norm and does not result in the redoatf reliability of work of cylinder-piston group.
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