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INFLUENCE OF FEEDING ELECTRIC ENERGY QUALITY ON
HEATING OF THE AUXILIARY MACHINES OF AC ELECTRIC
ROLLING STOCK

Purpose. The article aims to study the problem of increase the reliability of auxiliary machines for AC electric
trains during operation in real conditions. Methodology. The peculiarity of system construction of auxiliary ma-
chines for AC electric rolling stock is the use of asynchronous motors for general industrial purpose. An engineering
method of influence determination on the feeding voltage asymmetry and its deviation from the nominal value on
heating of auxiliary machines insulation was proposed. Findings. It is found out that in case when the auxiliary ma-
chines of AC electric trains work under asymmetry factor of the voltage 10% or more and feeding voltage deviation
from the nominal order 0.6 relative unit then it is possible the overheat of their isolation, even if it has class H.
Originality. For the first time the issue of the total insulation heating under such boundary parameters combinations
of energy quality, when each of them contributes to the heating insulation increase as compared to the nominal re-
gime of the "rotating phase splitter—auxiliary machinery" system was illuminated. Practical value. Conducted re-
search allow us to establish the boundary parameter values of feeding energy quality (asymmetry factor, feeding
voltage deviations from the nominal value), at which additional isolation overheating of this class under the effect of
specified factors will not exceed the agreed value.

Keywords: overheating; electrical power quality; asymmetry; auxiliary electrical machines; electric stock; AC

Introduction with general purposed asynchronous motors (AM)
of three-phase current for the auxiliary devices
drive (compressors, fans, pumps, etc.). These de-
vices are powered by the phase splitter (the con-
verter of single-phase current into three-phase

Standards of electric energy quality (EQ) in the
power supply systems of general purpose are de-
termined by the State Standard 13109 - 97 [3].
Electric locomotives and trains of AC are equipped
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one). At present on AC electric rolling stock (ERS)
of Ukrainian railways mainly rotary converters are
used. In this case EQ is significantly different from
the above mentioned State Standard for the worse.
As a result on ERS the AM of general purpose are
operated in the toughest conditions. For ERS there
are initial developments of static phase converters
instead of the rotary ones. But the technical and
economic feasibility of modernization of electric
locomotives and trains that have already been work-
ing for decades on the Ukrainian railways by replac-
ing the rotary converters with static ones is unlikely.

Purpose

The purpose of the paper is to improve the reli-
ability of auxiliary machines of AC electric rolling
stock in the conditions of the real operation on the
Ukrainian railways.

Methodology

A lot of experts investigated the heating of
asynchronous motors of auxiliary devices for ERS,
which is operated at present [6, 7, 12, 13, 14]. In-
vestigations of O. A. Nekrasov should be noted as
one of the most overall works [6, 7]. At this the
issue of total insulation heat in such combinations
of these parameters of EQ, when each of them
promotes the increase of insulation heat as com-
pared to the nominal conditions of the system "ro-
tary phase splitter — auxiliary machines" is almost
uncovered. The nominal conditions of the system
are understood as the conditions with the nominal
voltage (25kV) [2] in the contact network and with
all the auxiliary machinery working in the nominal
conditions at the same time.

It is proposed the following engineering deter-
mination method of the heating temperature of sta-
tor winding insulation for auxiliary AE taking into
account the additional heating due to poor quality
of feeding electric energy.

Additional insulation heat, which results from
the unsinusoidality of voltage curve, can be ig-
nored, as the necessary nominal power reserve as a
result of heating from currents and magnetic fields
of higher harmonics amounts only about 5% [6, 7].

Additional heating of AE resulting from volt-
age asymmetry at, [5]:

2Ky,
o100 Y

(1

AT

where K,
asymmetry, %.

Coefficient K,; should be taken as equal to
10% at the lowest value of supply voltage and 5%
at the greatest value [1].

0, — is the average temperature rise of the sta-

— is the coefficient of the voltage

tor winding AM in the nominal conditions. It is
this temperature determines the thermal state of the
engine in terms of reliability, expected service life
and overload capability.

0 ,=R,aB +R,aP, + R;aP, 2)

where R, R,, R;
support of equivalent circuit; aF, aP,, aP, — are

accordingly the electric losses in stator winding,
electric losses in stator winding, electric losses in
rotor winding and losses in the steel.

Thermal supports can be calculated using the
following empirical expressions:

— are generalized thermal

3)

R, ~R;~0,6R, “

Dal
[, — is the length of stator core, cm; K — is the
coefficient that equals to 27 for AM with the
power 0.5...10kW and 35 for AM with the power
11...250kW.

Losses of AM are distributed by the type per
unit as follows [8]:

Electrical losses in stator 2B, =0,3;

— 1s the outer diameter of the stator core, cm;

Electrical losses in rotor aP,, =0,4;

Losses in magnetic core of stator aP, =0,15;
Mechanical losses aP,.., =0,15;

Total power losses ZAP =1,00.

The postheating of AM during the voltage fluc-
tuation [5]:

at,, =60-aU,, ®))

where AU, — is the voltage fluctuation from the

nominal one, relative units.

Traction networks of electrified railways are
characterized by wide voltage fluctuations [2, 9].
This greatly affects the operation of auxiliary ma-
chines especially since the voltage of auxiliary
winding of the traction transformer is additionally
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influenced by processes that take place in power
and auxiliary circuits of electric or electric locomo-
tive or electric train. As a result of this, the limits
of supply voltage fluctuations of auxiliary ma-
chines are much wider than on the current collec-
tors. In electric locomotives they are approxi-
mately equal to 250...460V at the nominal value
380 W. For the motor cars with the nominal volt-
age 220 V the limits of voltage fluctuations ap-
proximately reach 150...280V [6, 7].

Total temperature rise Z T of the stator winding:

(6)

ZA’E =0, +a1, +aT_,

The obtained value ZAT should not be more

than the maximum permissible temperature rise for
a certain class of thermal resistance of insulation
[1, 4]. As an example of application of the pro-

posed method let us determine ZAT for the motor
AOM - 32 —2, which is used for the pump and fan
drives of the cabin of AC electric trains series ER9,
the D, =14,5cm, /, =9 cm [10]. For this engine
let us perform the following calculation

27
Ry, =
14,5-9

=0,207

Ry, ~R;~0,6-0,207=0,124.

Efficiency coefficient n=0,78 , nominal power
P, =2,2kW.

HOM

Distribution of losses according the type [8]:
Electric losses in the stator p, ,, =0,3;

Electric losses in the rotor p, ,, =0,4;

Losses in magnetic core of the stator
Pere =0,15;
Mechanical losses p,,... =0,15;
Total power losses Zp =1,00.
P
Consumed power £, = %= % =2820,5W;
n 0,78

> p=R(1-n)=2820,5(1-0,78)=620,5W;
aB, =0,3-620,5=186,2W;
aP,=0,4-620,5=248,2W;
aP,=0,15-620,5=93,1W;
0,=0,207-186,2+0,124-248,2 +
+0,124-93,1=80,8°C

Additional heating under the influence of volt-
age asymmetry at the minimum voltage in contact
network U =19 kW [2] (K, =10% ):

KM min

2
2 1(()) 80,8=161,6°C

AT, =
Voltage fluctuation on the auxiliary AM with

U =19kW:

KM min

Upow =Unin _ 220—150
U 220

HOM

aU. =

*max

=0,318

Additional heating of AM through the voltage
fluctuations: at,, =60-0,318=19°C.

Total temperature rise of the stator windings:

D a1=80,8+161,6+19=261,4°C.

The required for this calculation values K,
and aU, are determined using the graphs that are
presented by the Figure 1 and Figure 2. During
their construction the dependencies aU, = f(U,,, )

and K,, = f(U,,) are taken as the linear ones.
This assumption is possible because the K, and

aU, are determined at different values of U,,

through the transformation coefficient of the trac-
tion transformer for the winding of auxiliary ma-
chines, which is constant value.

Al
A

0,318
031

0,21

0,14

19 B0 AN £ % % 25 U,
Fig. 1. Dependency U, = f(U,.)

For the interval of voltages in the contact net-
work (19...25) kW (Table 1) the calculation is per-

formed ) at= f(U,,) similarly.

KM HOM

UAI[ HOM

k=

- =const,
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19 20 21 22 23 24 25 U, kB

Fig. 2. Dependency K, = f(U,,,)

where U, ,,, 1s the nominal winding voltage for

the supply of auxiliary machines. For the AC elec-
tric trains of the series ER-9 U, ,,,,, =220V.

Findings
The Fig. 3 shows the dependence
ZAT = f(U,, ), which is constructed according to
the data of Table 1.

Za,°C
A

2701
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21071
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1501
1201

94

60+

kin. H
ki F
k1. B

0+

3

2031 208 21,5

19 N B b3 5 % 3

U_.xB
Fig. 3. Dependency ZAt= f(U,,)
Maximum  permissible temperature rise

(140°C, 165°C, 190°C) of the stator winding
(taking into account the fact that the motor AOM —
32 — 2 is closed unblown) [10], which are indicated
in this Figure correspond to a thermal resistance of
the insulation B, F, H [1].

The Figure 3 shows that the motor with insulation
of class B overheats over the permissible tempera-

ture if the stress in the contact network will be for
a long time less than 21.5kV. If the engine AOM —
32 — 2 will have insulation of class F or H, then
this voltage should be 20.8kW and 20.3kW accord-
ingly. Let us call these voltages in contact network
the critical ones for auxiliary AM.

167’31 =2,7 times more, at U, =19kW — in
161,6 : .
T =8,5 times more. That is why when reach-

ing the critical voltage in contact network it is
necessary to take the measures for corresponding
reduction first of all the asymmetry coefficient.
Similarly, one can quantify overheat caused by
the supply voltage unbalance and its deviation
from the nominal value for auxiliary AM of the
locomotives and AC electric trains of all series.
Obviously, at the minimum U, =19kW,

which is allowed in the operation, the stator insula-
tion of motor AOM — 32 — 2 will overheat beyond
the allowable temperature. Even if it has class H,
upon the condition that such voltage is sufficiently
long in time. The Table 1 shows that at U, = 23kW

and less the auxiliary heating of AM with non
symmetric voltage in several times exceeds the
additional heating than the fluctuation of supply
voltage from the nominal value.

Originality and practical value

It is proposed the method that makes it possible
to determine the additional heat of auxiliary ma-
chines insulation of electric rolling stock at simul-
taneous action of such parameters of supply power
quality like voltage asymmetry coefficient and
fluctuation of voltage supply.

To make sure that the static phase converters
are more reliable and economic it will take a lot of
time for both their designing and testing and for
verifying during operation. The objective precondi-
tions on the feasibility of these studies are not
available.

Therefore, at this time the development of rec-
ommendations for modernization of the mentioned
objects to improve the EQ feeding the auxiliary
AM with minimal costs and in short time is the
urgent task.
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Table 1
Dependency calculation ) at= f(U,,)
U, ,xB 19 20 21 22 23 24 25
Ky, % 10 8.2 6.51 4.9 3.25 1.55 0
aU, 3.18 0.27 0.215 0.155 0.105 0.05 0
at,, °C 161.6 108.7 68.5 38.8 17.1 3.9 0
., °C 19 16.2 12.9 9.3 6.3 3 0
ZAT , °C 261.4 205.7 162.2 128.9 104.9 87.7 80.8

In any case, the study of EQ influence (taking into
account the real conditions of such parameters as
unsinusoidality, asymmetry, voltage fluctuation
(VF)) on the aging of thermal insulation of AM of
auxiliary devices of ERS caused by its auxiliary
heating under the influence of these factors repre-
sents scientific and practical interest in terms of
improving reliability of locomotives.

Conclusions

The proposed method makes it possible for the
AC electric rolling stock with rotary phase con-
verters to:

1. Quantify the additional heating of auxiliary
asynchronous motors of AC electric rolling stock
through the asymmetry of supply voltage and its
fluctuation from the nominal value.

2. Identify the critical voltage in contact
network, at which the stator insulation of the
auxiliary engines of classes B, F, H will overheat
above the permissible temperature rise with
auxiliary heating, which is caused by the
asymmetry of supply voltage and its fluctuation
from the nominal value.
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BILIUB AIKOCTI )KUBJIAYOI EJEKTPOEHEPI'II HA HAT'PIBAHHA
JOHOMIZKHUX MAIIUH EJEKTPOPYXOMOI'O CKJIAIY
3MIHHOI'O CTPYMY

Merta. Y po0oTi He0OXiTHO 3’ICYBaTH ITUTAHHS [IO/10 MiIBUILEHHS HaAiHHOCTI JOMOMIXKHUX MAIMH eJIeKTPOIIOi3-
JIB 3MIHHOTO CTPYMY IIPH €KCIUTyaTalil B peaibHuX yMoBax. Meroauka. OcoOnMBICTIO IOOYOBH CHCTEM JIOTIOMI-
JKHUX MAalIMH eJIEKTPOPYXOMOIo CKJIAXy 3MIiHHOTO CTPyMY € 3aCTOCYBAaHHS aCHHXPOHHHX IBUTYHIB 3arajbHOIPO-
MHCIIOBOI'O IIPH3HAYSHHS. 3alpOIIOHOBAHO iH)KEHEPHUI METO/I BU3HAYCHHS BIUTMBY HECHMETPIi )KUBIITIOT HANIPYTH Ta
BIIXWJICHHS il BiJI HOMIHAJIFHOTO 3HAYCHHS Ha HArpiBaHHA 130JBAIi1 JOMOMDKHNX MamyH. Pe3yabTaTn. BeranosieHo,
IO Y BUMAJKY, KOJU AOTIOMDKHI MAaIlIMHU €IEKTPOIOI3(iB 3MIHHOTO CTPyMY IMpALOIOTh HpH KoedillieHTI HecuMeTpil
Harpyr 10 % 1 GipIre Ta BiIXWIEHHI HAPYTH KUBJICHHS BiJ HOMiHAIBEHOTO TOpsAAKY 0,6 y BIIHOCHHX OJMHUIIIX, TO
MOXJIUBHH TIEperpiB X i30iIii, HaBITH AKIIO BoHa Oyne maTtw kimac H. HaykoBa HoBu3Ha. Brnepie BHCBiTIICHO
MIUTaHHSI PO CyMapHHUI HarpiB 130JIsILiT IPY TAKKX MOETHAHHSAX TPAHUYHUX [apaMeTPiB SIKOCTI €HEPTil, KON KOXKeH 13
HHUX CIpuUsie 30UIBIICHHIO HarpiBaHHsA 130Jilii B TOPIBHAHHI 3 HOMIHAIBHUM PEKUMOM CHUCTEMU «OOEpTOBHMH
(hasoposuiertoBad — JonoMibkHi MammHwy. [lpakTuuna 3HaymMmicTs. [IpoBeneHi JOCHIDKEHHS J03BOJISIIOTH
BCTQHOBHUTH TPaHWYHI 3HAYECHHs ApaMETPiB SIKOCTI )KUBIISTUOI €IeKTPOeHeprii (koedilieHTa HeCUMETpil, BIIXWICHHS
JKMBJISTIO1 HAIIPYTH BiJl HOMiHAIBHOTO 3HAYEHHs), TIPH SIKMX JOJATKOBUI NEPerpiB 30111 JaHOTO KiIacy i/l BILTHBOM
3a3Ha4eHHX (PaKTOPIB HE NIEPEBUIIYBATUME BCTAHOBJICHOTO 3HAUYCHHSI.

Kniouosi cnosa: meperpiB; SIKICTh €JIEKTPUYHOI €HEprii; HECUMETpisl; JONMOMDKHI eJNeKTPUYHI MalllHU;
CJIEKTPOPYXOMUH CKJIaJ]; 3MIHHHH CTPyM
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BJIUSAHUE KAYECTBA IIUTAIOIIEN DJEKTPOYHEPT U
HA HATPEBAHUE BCITOMOT' ATEJBbHBIX MAIIINH
IJEKTPOITIOABUKHOI'O COCTABA IEPEMEHHOI'O TOKA

Hean. B pabote HE0OX0IMMO BBISCHUTE BOIIPOC KACATENHHO MOBBIMIEHHS HAEKHOCTH BCIIOMOTATEBHBIX MAITHH
BIIEKTPOIIOE3/I0B MEPEMEHHOTO TOKa MpPH JKCIUTyaTallid B peajbHbIX yciuoBusx. Meroauka. OcoGEHHOCTBIO
MIOCTPOCHHSI CHCTEM BCIIOMOTATENIBHBIX MAIINH SJICKTPOIIOIBIKHOTO COCTaBa TIEPEMEHHOTO TOKA SBIISIETCS IPUMEHE-
HHE aCHMHXPOHHBIX JBUTaTeNeH OOMICTIPOMBIIIICHHOTO Ha3HAYeHNUS. [IpeioskeH MHKCHEPHBI METOM OMpeIeICHHUsI
BJIMAHUA HCCHUMMETPUU MUTAIOMICTO HAIPSKECHUS W OTKJIIOHCHHUA €ro OT HOMHMHAJIBHOI'O 3HAYCHHS Ha Harp€BaHHC
HU30JIAMU BCIIOMOT'aTCIIbHbBIX MallllH. Pe3yﬂbTaTbI. yCTaHOBﬂeHO, 4ToO B CjIy4dae€, Korja BCIOMOTaTC/IbHBIC MalllMHbI
3JIEKTPOIIOE3I0B MEPEMEHHOTr0 TOKa paboraror mpu koddduimeHte Hecummerpuu Hampspkenuin 10 % wu Oosee
M OTKJIOHEHWH MHUTAIOUIEr0 HAIMPSHKEHUS! 0T HOMUHAIBLHOTO mopsiaka 0,6 B OTHOCUTENBHBIX €AWHHIAX, TO BO3MOXEH
MeperpeB Ux M30JSIMH, Jaxe ecii oHa Oymer umerh kiacc H. Hayunasi HoBu3na. BriepBble OCBellleH BOIPOC
0 CyMMapHOM HArpeBaHWM W3OJIIINM TIPH TAKUX COYETAHMAX PAHUYHBIX MapaMeTPOB KadecTBa SHEPTHHU, KOTIa KaxK-
Il M3 HUX CIOCOOCTBYET YBEIMUYEHHUIO HATPEBAHMS M3OJAIIMH TI0 CPABHEHHIO ¢ HOMHHAIBHBIM PEKMMOM CHCTEMBI
«BpAITAIOIIMICSA (Hha30paCIIEUTENIh — BCIIOMOTATENIBHEIC MaliuHbDy. IlpakTHueckasi 3HAYUMOCTh. [IpoBeneHHBIE
HCCIIEZIOBAHMSI TIO3BOJISIFOT YCTAHOBUTH TPAHMYHBIC 3HAYCHHS MapaMeTpPOB KadecTBa THUTAIOMICH DIEKTPOIHEPTHH
(koadduIHeHTa HECHMMETPHH, OTKIOHEHHS MMUTAONIETO HAMPSHKCHUS OT HOMUHAIBHOTO 3HAYCHHS), IPH KOTOPBIX
JIOTIOJIHUTENBHBIN TIeperpeB M30ILSIINN JAHHOTO KJIacCa MOJ BIMSHHAEM YKa3aHHBIX (haKTOpOB HE Oy/eT MpeBBIIIATh
YCTaHOBJICHHOTO 3HAYCHHUSI.

Knrouesuvie crnosa: mieperpes; KauecTBO 3JIEKTPHUECKON SHEPTHH; HECHMMETPHSI, BCIIOMOTATENbHbIE 3JIEKTPHYE-
CKH€ MAIIMHBI; SJIEKTPOIIOIBIKHON COCTAB; TIEPEMEHHBIN TOK
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