Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.3. P.290-300. DOI: 10.15593/2224-9923/2019.3.8

ISSN 2224-9923
Volume / TOM 19 No3. 2019

UDC 622.276+622.684:621.452.3
Review / O630p

USE OF GAS-TURBINE ENGINES FOR MINING DUMP TRUCKS
IN THE CONDITIONS OF THE NORTH

Mark L. Khazin, Petr I. Tarasov', Vitaliy V. Furzikov?

Ural State Mining University (30 Kuybysheva st., Ekaterinburg, 620144, Russian Federation)
'Perspektiva-M LLC (87 Khokhryakova st. Ekatermburg, 620144, Russian F ederation)
?Ural diesel engine plant (18 Frontovye brlgades st., Ekaterlnburg, 620137, Russian Federation)

NMPUMEHEHMWE FA30TYPBUHHbIX ABUIATENEN
AnA KAPbBEPHbIX CAMOCBAIJIOB B YCJIOBUAX CEBEPA

M.J1. Xa3uH, N.U. Tapacos', B.B. ®yp3ukos’

Ypanbckuii rocynapcTBeHHBIH ropHbIid yHUBepcuteT (620144, Poccus, r. EkatepunOypr, yi. KyiiOsimesa, 30)
1OOO «IlepcniexTrBa-M» (620144 Poccus, r. ExarepunOypr, yn. Xoxpskosa, 87)
Y panbCKHii AU3eTb-MOTOPHBIH 3aBOJ (620137 Poccus, r. ExkatepunOypr, yi. ®ponTtoBsix Opuraz, 18)

Received / [Tomydena: 27.04.2019. Accepted / [Tpunsita: 01.08.2019. Published / Ony6aukoBana: 27.09.2019

© PNRPU /THUITY, 2019

Key words:

mining trucks; ecology; open-cast
mining; diesel engine, gas turbine
engine, environmental and
economic efficiency.

Kniouegvie cnosa:

KapbepHbIC CaMOCBAJIBI, SKOJIOTH,
OTKPBITEIC TOPHBIE PabOTEL,
JIM3eIbHBIN JBUraTeb,
ra30TypOHHHbIT JBUTaTElb,
9KOJIOTHYECKast 1 IKOHOMHYECKast
3¢ (exTHBHOCTD.

A steady trend of growing open pit depths and the corresponding increase in the hauling distance in the world practice of
open-cast mining have determined the main direction of the development of mining dump trucks towards enhancing their
carrying capacity, which leads to an increase in the capacity of a power plant, weight-size parameters of the engine, and the
quantity of the fuel consumed. In winter, the preparation of a diesel engine for the start-up with a special heating system at
the air temperature of —40 °C takes up to 40—50 min. Due to the problems of starting the engine at low temperatures, diesel
engines are often not shut off during the entire winter period, resulting in the engine eoveraging, significant
overconsumption of fuel and an increase in exhaust emissions.

The main advantages of gas turbine engines include high efficiency at loads close to nominal, high aggregate capacity combined
with low weight and dimensions (energy consumption is 1000-3000 kW/m3, 10002000 kW/t), high maneuverability and readiness
for action (preparation for action takes 10-15 minutes with the start-up time of 120-180 s), adaptability to automation, high
reliability, relatively simple design and maintenance, high manufacturability, possibility of aggregate repair, easy and reliable start-
up at low temperatures and lower exhaust emissions. The specific gravity of a gas turbine engine is much less and does not exceed
25-30% of a piston engine weight, making it possible to lighten the engine frame and increase the load capacity of the dump truck.
The power-to-size ratio of a gas turbine engine is also higher than that of a piston-type one, therefore the former is characterized by a
2-3-fold reserve in terms of space in the engine compartment of the dump truck. Besides, the gas turbine engine can work for a long
time in the conditions of high dust, use cheaper gas fuel and requires practically no oil.

Low weight and compact size, the option of getting high capacity in a single unit and remote control, along with easy and
reliable start-up at low temperatures make gas turbine engines very attractive for use on heavy-duty mining dump trucks,
road trains with active trailers and semi-trailers, especially in the northern and arctic areas.

YcroitunBast TSHACHIMS POCTa NIYOHHBI KaphePOB H COOTBETCTBYIOIIETO YBEJIHUYEHNUSI [Ie4a OTKATKH B MUPOBOM MPaKTHKE
OTKPBITON Pa3pabOTKM MECTOPOXKICHUN ONpPEJENHIN IJIABHOC HANpABICHHE PAa3BUTHS KapbepPHBIX CaMOCBAIOB —
MOBBIIICHHE HX TPY30MOABEMHOCTH, YTO MNPHBOANT K YBEIMYCHHIO MOIIHOCTH OSHEPrOCHIOBOTO arperara,
MaccorabapuTHBIX IIOKa3aTesiel ABUraTens, KOJIMYECTBA IMOTPEOIIeMOro TOIUIMBA. B 3MMHHMI MHepHoj IOArOTOBKA
JIU3ENBHOTO JIBUTATENSL CO CHENUATBHON CHCTEMOIl MomorpeBa mpu Temmeparype Bozmyxa —40 °C K IycKy cOCTaBISIET
40-50 mun. M3-3a npobiem 3arycka JBUTaTesIs NMPU HU3KHX TEMIepaTypax JU3elM 4acTO He TUIylIaTcs B TEUEHHE BCEro
3UMHEr0 MePHO/a, BCICACTBIE YEr0 BHIPAOATHIBACTCS PECYPC IBUraTelsl, IPOMCXOANT 3HAUYHTEIbHBII Hepepacxoi TOILINBA
U yBeJIM4YEHNE 00BEMOB BEIOPOCOB BBIXJIOIHBIX I'a30B.

OCHOBHBIMM TIPEMMYILIECTBAMH Ta30TYPOMHHBIX JBUTATelnei SBILIOTCS BBICOKAs SKOHOMHMHOCTb TPH HArpyskax, GIMsKnx K
HOMHHAJIBHOA, GOMBLINE arperaTHbIC MOLIHOCTH PH MATbIX MACCE M rabapuTax (3HEproeMKOCTh coctasmsier 1000-3000 KB/,
1000-2000 KBT/T) BBICOKAs MAHEBPEHHOCTh M TOTOBHOCTH K JICHCTBHIO (IIPHTOTOBJIEHME K JjeHcTBHio — 10-15 MuH, Bpems
3arycka — 120-180 c¢), mprcrocoOIeHHOCTh K aBTOMATH3ALMH, BBICOKAsI HA/IKHOCTb, OTHOCHTEIBHAS NIPOCTOTa KOHCTPYKIHH U
00CITy)KHBaHHS, BBICOKAsl TEXHOJOIMYHOCTb, BO3MOXKHOCTb arperaTHOr0 PEMOHTA, JIETKUH M HAJEKHBIA ITyCK NPH HU3KHUX
TeMmreparypax W 0Oojee HHM3Kas TOKCHYHOCTH BBIXJIONHBIX a30B. Y[IENbHAs Macca ra3oTypOMHHOIO ABUraTeisl 3HAYHTEIBbHO
MeHbIlIe U He TpesbluaeT 25-30 % Macchl MOPIIHEBOTrO JBUrATelNsl, YTO MO3BOJSET OOJIErYUTh MOTOPHYIO paMy U MOBBICHTH
IPY30I0BEMHOCTH CaMOCBaIa. I'abapuTHas MOIIHOCT Ta30TYpOMHHOIO JBHTATelsl TAKKE BBILIE, YeM Y MOPIIHEBOTO, MOITOMY
JUIS TIEPBOTO XapakTepeH 2-3-KpaTHbIi 3amac 1o rabapuraM IIPOCTpaHCTBA B MOTOPHOM OTceke camocBana. Kpome Toro,
ra30TypOMHHBIHA IBUTaTelb MO3BOIIICT UIMTEIBHO PaboTaTh B YCIOBHSX BBICOKOI 3allbUICHHOCTH BO3yXa, HCIOJIB30BaTh Oosee
JICIIEBOE IA30BOE TOIUTHBO U IPAKTHYECKH UCKITIOYNTH PACXO Maca.

Marass Macca M KOMIIAKTHBIC pPasMepbl, BO3SMOXKHOCTH IOJy4eHHs OONBLION MOIIHOCTH B OJHOM arperare H
JIUCTAQHIJMOHHOTO YIPABJICHHS, HApsily C €ro JITKHM M HAJEKHBIM IYCKOM IPH HHM3KHX TEMIepaTypax, JelaroT
ra30TypOMHHbIC JABUTaTeIM BECbMa HMPUBJICKATEIbHBIMY JUIS UCIIONB30BAHKS HA GOJIBIIEIPY3HBIX KapPhEPHBIX CaMOCBaJax,
aBTOIOE3/1aX ¢ AKTUBHBIMU HPUIIENIaMHU U HOJIYIIPULICTIAMH, OCOOCHHO B CEBEPHBIX M aPKTHYECKHX palOHaX.
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Introduction

A steady trend of growing open pit depths and
the corresponding increase in the hauling distance in
the world practice of open-cast mining have
determined the main direction of the development of
mining dump trucks towards enhancing their carrying
capacity, which is currently set back by the engine
capacity and tire characteristics. In the period 1950—
2015, the carrying capacity of the mining dump
trucks increased almost 14 times [1]. At the moment,
manufactured mining dump trucks include
Caterpillar 797F (2009) and Liebherr T 284 (2012)
with the carrying capacity of 363 tons, Komatsu
980E-4 (2016) and XCMG XDE400 (2015) with the
carrying capacity of 400 tons, BelAZ-75710 (2013)
with the carrying capacity of 450 tons (the biggest
truck in the world). Further growth of the carrying
capacity of the mining dump trucks drives an
increase of the capacity of the power plant, weight-
size parameters of the engine, and, therefore, the
volume of the engine compartment.

The capacity of the power plants of the modern
mining dump trucks BelAZ, Liebherr, Terex,
Caterpillar, Komatsu, Hitachi, Sanyi, XCMG
generally does not exceed 2000 kW with the
carrying capacity of no more than 250 tons. The
mining dump trucks with the carrying capacity over
250 tons usually deploy two engines, or an engine
with increased dimensions (with 18, 20 cylinders).
At the same time, the ratio of the engine’s power to
the carrying capacity of the dump truck declines
from 10 to 7.5 kW/t. Similarly, power-to-weight
ratio also declines from 6,9 to 3,7 kW/t, while the
specific consumption of materials (the ratio of the
weight of an empty dump truck to the engine
capacity) is increased from 54,4 to 122,0 kg/kW.
The increase of the engine power drives an increase
of the consumed fuel and exhaust emissions to the
atmosphere. The increase of the production volumes
also contribute to the power consumption and
increased exhaust volumes.

The analysis of the open-cast mining
development in the fields of Russia shows their
gradual shift to the remote northern areas with an
increase of the mining pits’ depth to 500-600 m.
We know from practical experience that for each
100 m of the mining depth the cost of
transportation of the rock increases by 20-30 %,
while the environmental situation in the mining pit
deteriorates [2, 3—6].

The movement of the mining dump trucks in case
of mining pit depth of over 200 m goes along a
serpentine road with steep grades. Due to a high
ascending angle, the engine of the dump truck is
loaded to the full capacity at a low movement speed,
increasing the volumes of toxic substances exhaust
and the fuel consumption by 2-3 times.

As the horizon lowers, the terms of natural
ventilation of the working area deteriorate, causing
the exhaust gases to accumulate in the mining pit.
When this polluted air gets into a running engine, it
results in the incomplete combustion of fuel and,
therefore, increased consumption of motor fuel and
higher volume of exhaust gases. This additionally
impairs the environmental situation, poses a threat to
the health of the working staff and has a significant
influence on the work productivity due to the
increased pauses in the work caused by the mining
pits’ gas pollution [3, 7-10].

Lately, more stringent requirements apply to the
vehicles’ engines in terms of reduction of the level
of exhaust gases’ toxicity. The main controlled
toxic components of the engines’ exhaust gases are
the carbon oxide, nitrogen oxide and hydrocarbons.
Their content is primarily determined by the
quantity of oxygen present in the engine’s
combustion camera, that is, the excess air ratio and
a number of other factors.

The purpose of this paper is to analyse the
possibility of using gas-turbine engines for mining
dump trucks in the conditions of the north.

The long-standing environmental problem of
open-cast mining operations is further complicated
by high transportation costs as a result of continuing
growth of motor fuel prices. The deficit of liquid oil
motor fuel and high air pollution with its combustion
products caused the necessity to look for alternative
fuels. At the moment, natural gas is acknowledged to
be the only economically justified alternative fuel
that can be used as a motor fuel without any
processing, except for the compulsory technological
stage of gas production and transportation.

According to the forecasts, natural gas will
become the main motor fuel in the nearest term
[11-14]. Currently, the world engine
manufacturing is considering the opportunities to
extend the use of natural gas. Natural gas is used
as a motor fuel in the form of liquefied
hydrocarbon gas, liquefied natural gas and
compressed natural gas. The advantage of using
gas motor fuel consists in the low level of harmful
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emissions to the atmosphere and relatively low
production costs.

Research Methodology

As early as in 1969, BelAZ created a 120-ton
gas-turbine truck BelAZ-459V with a turbine of
1200 hp (produced in Yaroslavl), and in 1970, the
State Committee for Science and Technology
approved a plan of gas-turbine engines’ implementa-
tion: it involved GAZ, MAZ, MoAZ, BelAZ and
KrAZ. In the city of Gorky, a family of gas-turbine
engines GAZ-99 with the capacity of up to 250 hp
was created. In 1973, the first gas turbine MAZ was
constructed, and then KrAZ-260 appeared. GAZ
brought the aggregate’s capacity to 350 hp. The turbine
required a bulky reduction gearbox: the axle rotated
with a speed of 35 thousand rpm, which no
transmission can endure. As USSR didn’t have any
suitable gearboxes and coupling engagements, they
were bought from Hungary. The resulting engine
weighed half as much as a customary diesel engine
for heavy-duty trucks produced by the Yaroslavl
Motor Plant, the exhaust was 3-6 times cleaner, and
the fuel consumption in nominal modes was as much
as 20 % lower than that of the diesel engine. It is
known that the truck has gone 2500 km, and most
problems were caused by the Hungarian
transmission: as specified in the book about the
plant’s history, it “didn’t stand up to criticism”.
In 1976, the second specimen was designed, and the
aggregate was made more compact. At the same time,
the capacity was increased by another 10 hp, and the
fuel consumption in the steady condition was very
modest — 1,4 times less than that of the diesel engine.
However, in the transition modes (drive/brake) the
fuel consumption was great. Other quite evident
issues added up to this one: the dynamics left much
to be desired and the transmission continued to
break. Despite many merits of the gas-turbine engine,
its only disadvantage — the fuel consumption — set
back all the advantages. This was ethe end to the
experiments.

In the last 50 years, new materials and
technologies appeared in the engine-building
industry. Today, gas turbine engines are widely
used in the aviation [15], ship-building [16—18],
gas- and oil-pumping units [19, 20], and are also
being tried on the railway transport [21, 22].
Lately, the interest to the use of gas turbine
engines for the power plants of the ground

transport has revived. This is confirmed by the
efforts of Kurganmashzavod LLC (promising IFV
Knight (Rytzar)), KamAZ LLC (light series
platform), and the ongoing follow-up works in the
engines for the gas turbine locomotives in the
Samara’s Kuznetsov OJSC and Federal State Unitary
Enterprise Engineering and Production Centre of the
Gas Turbine Construction Salute [27, 28].

Automotive turbine engines are intended for the
mining dump trucks and trailer trucks, i.e. the
vehicles with high unit capacity. The carrying
capacity of such vehicles reaches 100-450 tons with
the engine capacity of 750-3500 kW.

For comparison purposes, the indicators of the
modern piston-type engines for the mining dump
trucks produced by the Yaroslavl Motor Plant,
Cummins, MTU, DEUTZ, Detroit Diesel, and gas-
turbine engines produced by the firm United Engine-
Building Corporation were analysed. The comparison
was carried out based on the evaluation of the
following indicators: g. 1is the specific fuel
consumption (g/kW-h) taken on the basis of the data
in the catalogues,

w,, =Y

ya Ne ?
N,

N =2e
Vie

where M, is the specific weight of the engine,
kg/kW; M., is the weight of dry (unfuelled) engine,
kg; N. is the nominal engine capacity, kW; Ny is the
power-to-size capacity of the engine, kW/m’; Veng 18
the engine volume in the engine room, m’, defined as
the product of its overall dimensions, m, length,
width and height.

Work Result

Our country has rich research and practical
experience of studying gas-turbine engines. The
existing materials, for example, [25, 27-36], and the
performed comparative analysis of piston-type and
gas-turbine engines of similar capacity to be used on
vehicles (see Figure) allow to point out the following
technical and operational advantages of the gas
turbine engines:

1. The specific gravity of a gas turbine engine is
much less and does not exceed 25-30 % of a piston-
type engine weight (see Fig., a) , making it possible
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to lighten the engine frame and increase the load
capacity of the dump truck.

M, kg/kWt

1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000
N, kW
a

| | | | | | | |
1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000

N, kW
b
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o0 220 %

200"
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160

| | | | | | | L
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c
Fig. Dependence of the engine's specific weight on its
capacity (a); power-to-size ratio (b); specific engine fuel
consumption (c); I — piston-type; 2 — gas turbine

2. The gas turbine engine has a higher specific
capacity (the ratio of engine capacity to its weight).

3. The power-to-size ratio of a gas-turbine
engine is higher than that of a piston-type engine
(see Fig. b). For example, in case of a piston-type
engine with the capacity of 2000 kW, it is possible
to get approximately 200 kW from 1 m’ of the
engine, while the same indicator of a gas-turbine
engine will be almost 2.5 times higher -

approximately 500 kW/m?®. Therefore, a gas-turbine
engine has a 2-3-fold reserve in terms of space in
the engine compartment of the truck.

4. Favourable change in the engine torque
depending on the engine shaft rotation frequency
(the torque increases if the rotation frequency goes
down).

5. The possibility to use cheaper gas fuel and
almost no oil consumption.

6. Considerably lower number of engine details
(primarily, sliding friction pairs and lower load on
the frictionless bearing, increasing the intervals
between overhauls) [25-27, 31-33, 35].

7. Low toxicity of the exhaust gases. In
connection with the specifics of the gas-turbine
engine operation (the air consumption by the engine
is 3-4 times higher than that of the diesel with an
equal capacity), its exhaust gases have a significantly
lesser toxicity (Table 1) [28, 36-39].

8. The start-up at low temperatures of the
ambient air is easier. In Siberia and the Far North,
due to the difficulty of starting-up the engine at low
temperatures, diesel engines are often not shut down
throughout the entire winter period. As a result,
the engine is overaging, there is significant
overconsumption of fuel and an increase in exhaust
emissions. The time of preparation for the start-up
of the vehicle piston-type diesel engine with a
special heating system at the temperature of —40 °C
amounts to 40—50 min. It is necessary to warm up
the engine prior to the start-up in order to reduce
friction in the crankshaft, in the cylinder piston —
sleeve pair, and to warm up the oil to reduce
its viscosity, whereas for a gas-turbine engine
the preparation of the engine for the start-up takes
3-5 min. at the temperature of — 40 °C due
to the absence of impact stress and reversal load in
the supports and the use of low-viscosity oil
[27, 36, 37, 40].

9. Low labour intensity and cost of maintenance.
The scope of maintenance of the gas turbine engine
is much smaller than that of the diesel engine due to
the absence of liquid-cooling system, scheduled fuel
feed system adjustment and oil replacement. The
difference in the maintenance scope is especially
manifested in the winter (north) conditions, when
there is no need in the heating system. According to
different estimates, including the experience of
operation on the GAZ truck [28, 36, 41], labour
intensity and cost of maintenance of the gas turbine
engine is 50 % of the diesel engine with the
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simultaneous increase of the car park use ratio from
5 to 15 %. Besides, with the equal capacity of the
diesel and gas-turbine engine, the vehicle’s
productivity increases due to a better traction
characteristic (in case of a mechanical gearbox
transmission) or a higher transmission efficiency.

Table 1

Indicators of engines’ exhaust gases toxicity

Engine Toxic component, g/kW h
NOy CO CH | soot
Diesel Cummins (Tierll) 6,0 3,5 1,1 0,3
Gas Turbine Engine GAZ 1,2 0,73 | 0,16 | 0,01
Gas Turbine Engine GTD-1250 1,2 0,73 | 0,14 | 0,01

10. Opportunity to use a simpler, more reliable
and cheaper transmission.

11. Almost complete absence of vibrations and
torque vibrations.

12. Opportunity of extended work in the conditions
of high dust content in the air reaching about 2,0-2,5
g/m’ and sometimes higher at the inlet to the air cleaner
of the power plant, which is especially important for the
mining dump trucks.

As compared to the equivalent piston-type
engine, gas-turbine engines work smoothly and
quietly, they can function with different types of
hydrocarbon fuel and are characterized by a simple
mechanic construction, resulting in enhanced
reliability and extension of the service life.

When torque converters are installed in the vehicles
with high carrying capacity with a diesel power plant,
additional losses arise and are manifested as the
increase of fuel by 10-16% in the transformation mode
and by 4-6% in the blocking mode. Besides, the diesel
units feature large capacity losses on the cooling system
ventilator drive (10-12%) [24, 35-37, 41].

At the same time, the level of specific fuel
consumption is slightly higher for the gas-turbine
engine than for the piston-type engine and it
increases with the growth of the engine capacity.
This is related to a lower efficiency of gas-turbine
engines (see Fig., ¢).

High cost efficiency of the diesel engine is
generally acknowledged, however, it is not absolute
and depends on the terms of operation of the mining
dump truck. For example, if the ambient
temperature is lowered (in the winter period or in
the northern areas), the cost effectiveness of the gas
turbine engine increases. If the temperature is
reduced from +20 to —20°C, the minimal specific

consumption of fuel by gas-turbine engine
GAZ-902 is reduced by more than 10 %, whereas
the diesel fuel consumption, on the opposite, is
increased by 8—10 % [31, 34, 36, 40].

The specific fuel consumption by the diesel
engine of a mining dump truck amounts to 182—
212 g/kW'h on average. For example, in the
Udachninsky Mining Plant of Joint-Stock
Company ALROSA the specific consumption of
fuel by the diesel engine of the mining dump truck
Cat-785V amounts to 209 g/kW h [42] with the
minimal load. The modern samples of gas turbine
engines of the cars and ships have the specific fuel
consumption of 200-270 kg/kW h [28, 35, 43],
which is comparable to the diesel engine
indicators.

As the performed research have shown [25],
modern gas-turbine engines can be used for the
powerful off-road vehicles, including mining dump
trucks. Thus, for example, a serial industrial mining
dump truck BelAZ with the carrying capacity of 90
tons is already in the market. Gas-turbine engine
GTD-1250 with the capacity of 1250 hp (920 kW)
produced by Kaluzhsky Dvigatel PJSC [44]. The
engine has the weight of 1050 kg, the specific fuel
consumption of 225 g/l (Table 2) and a significantly
lower level of exhaust of the toxic substances.

The following are the advantages of using the gas
turbine engine GTD-1250:

— maximum efficiency of the drive due to high
adaptability of the gas turbine engine and the use of
mechanic transmission without a torque converter;

— record-breaking in its class low weight and
dimensions of the pump’s power plant;

— opportunity to perform hydrofracturing with the
engine running at the top gear with the maximum
productivity owing to a flexible gas drive of the
power turbine without a threat of the transmission
destruction (the work is performed by a smaller
number of the pumping units UN2250 as compared
to the diesel units);

— opportunity to transmit torque to the stopped
pump shaft during the pressure check;

— absence of an external starting device; start-up
without a pre-start heating with an in-built electrical
starter in 60 sec with the temperature of —40°C;

— less engine wear of the gas-turbine engine due to
the absence of friction pairs and actual absence of
burning oil consumption;

— environmental safety of exhaust gases of gas
turbine engines, their use in winter time for the
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effective heating of the engine and transmission
compartment, plunger pump and its systems (10—15
min. of heating to reach full capacity);

Table 2

Comparison of the engines GTD-1250
with a diesel engine of the even capacity [45]

Diesel Two engines
engine with the| GTD-1250, total

Characteristic . :
capacity of capacity of

23250 hp 2250 hp
Weight net of mounted 6155 2100 (2x1050)
systems, kg
Specific capacity,
KWike 0,298 0,875
Adjustability factor
(Mpax at n /M at n 1,3 2.5
corresponds to Pp.y)
Number of gears in a geared 3 4
transmission
Capacny of a liquid cooling 830850 0
engine system, 1
Capacity of the engine oil 210-240 90 (2x45)
system, 1
Engine oil consumption, kg/h 2 0,02
External drive for the start-up Hydraulic Not required

Capacity of the hydraulic
starter external drive and 160 0
ventilator of the radiators, hp

Capacity of the starter oil

100 0
system, 1
. Contact

Type of air filters (replaceable) Cyclone
Indicators of exhaust gases 3,5/3,5/0,1
toxicity NO, /CO/soot, kW h|  (TIER4) | L¥0-73/0.01

. . Webasto
Winter start-up devices and 30 kW, spirit | Not required
systems L

1njection

Note: M, is the maximum torque effect of the engine,
M is the torque effect of the engine at the crankshift speed #,
corresponding to the maximum capacity Ppay, Hmin 1S the
minimum crankshift speed.

— very simple three-point fixture of the engines
without shock absorbers due to ideal balance of the
gas turbine engine and absence of vibration;

— minimal number of external connections;
possibility of replacing the gas turbine engine on site
within 4 hours;

— absence of a bulky liquid cooling system and
significant loss of capacity at the drive of its ventilator,
less costs of the oil system cooling.

Gas-turbine engine GTD-1250 is intended to be
used as a propulsion engine for ground heavy track-
mounted and wheel-mounted vehicles.

Conclusions

Low weight and compact size, the option of
getting high capacity in a single unit and remote
control, along with easy and reliable start-up at low
temperatures make gas turbine engines quite
attractive for use on heavy-duty mining dump trucks,
road trains with active trailers and semi-trailers,
especially in the northern and arctic areas.
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