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The Use of Boride and Silicide Coatings in Fire engines: Technological Aspect

The main regularities of the process of forming on refractory metals the single-phase, multi-phase,
multi-layer composite coatings with high heat resistance and durability are examined in the article.

A study of boride coating on refractory metals was conducted, which showed that a single-phase
coating is formed on metals that possesses good adhesion to the base. Based on the results of X-ray phase and
micro-X-ray spectral methods of analysis, the formation of a monoboride phase on molybdenum and tungsten
and a boride phase on niobium and tantalum was revealed. A study of the effect of temperature on the process of
diffusion silicification of refractory metals was carried out, which showed that in the range of 950-1100 0C, a
single-phase coating is formed, which consists of disilicides of MeSi, metals. A further increase in the
temperature of the saturation process was found to lead to a sharp increase in the thickness of the silicide layer. It
was proved that an effective diffusion barrier is the boride phases of refractory metals, which ensure the stability
of the diffusion part of the multicomponent coating. The boride phases were determined to be more stable than
silicide phases in relation to the metal base. Due to the formation of silicoboride phases at the border of boride
and silicide layers, high stability of the borosilicide coating is ensured. The presence of penetrating impurities in
the metal matrix leads to poor protection of the oxide film of the diffusion coating and, as a result, to low
durability. A mechanism for the transfer of penetrating impurities from the depth of the metal to the boundary of
the powder medium is proposed.

The obtained borosilicate-saturated metal technological parameters allow forming a diffusion coating
with a fine-grained structure on refractory metals. To ensure high protective characteristics, the formation of the
layered part of the coating should be further researched.
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Method of Engine Energy Indicators Estimating when
the Cylinders are Disconnected in the Loaded Mode of
Operation

Considered modes engine load operations: 1 — test of the original engine; 2 — test with disconnection of
four cylinders by stopping the fuel supply; 3 — test with disconnection of four cylinders with simultaneous
cessation of fuel supply and absence of pumping losses of the cylinder-piston group (CPG) in the disconnected
cylinders.

The feasibility of using the method of disconnecting a part of the working cylinders of the engine,
saving fuel at load modes of no more than 70% of the total and with a further increase in the effective power of
the engine load, the time consumption of fuel becomes higher than in the variant without disconnection of the
cylinders, has been proven.
engine, energy parameters, cylinder shutdown, engine load, pumping losses
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Formulation of the problem. The efficiency of piston engines largely depends on
their operating modes [1]. If at nominal or close to it economic indicators usually reach
optimal values or close to them, then at partial loads and idling the fuel efficiency of diesel
engines can noticeably deteriorate. At the same time, in the operational modes of most
vehicles, idling modes and light loads make up a significant share [2].

Every year, the fleet of cars and trucks, road construction, agricultural and other
machinery equipped with auto-tractor engines that consume a significant amount of fuel is
increasing, in connection with this, the problem of economical use of its resources arises.

Analysis of recent research and publications. The works of E. Chudakov,
V. Boltinsky, V. Falkevich, L. Klymenko, D. Rubtsia, V. Arkhangelskyi, M. Lurie et al.

The analysis of publications showed that the solution to this problem was connected
with the design of devices for cutting off the supply of fuel to diesel cylinders. Currently,
work is underway to create entire systems and complexes with processor control on various
types of diesel engines [3].

Many leading institutes of the country, as well as foreign companies (Ford, MTU,
BMW, General Motors, Porsche, Mercedes-Benz, and others) conduct research in the field of
engine cylinder shutdown for various purposes [4].

Setting objectives. The purpose of this study is to improve the performance of the
engine in the load mode by substantiating the number of cylinder shutdowns and determining
the energy parameters of its operation.

Achieving the set goal involves solving the following tasks:

— to determine the effect of disconnection of half of the cylinders of a diesel engine on
its operating parameters under load;

- to determine the nature of the influence of pumping losses in the CPG when half of
the cylinders are turned off on the energy performance of the diesel engine under load.

Presenting main material. Bench tests of the engine were carried out [5] in the
conditions of KHARZ-110 and KHARZ-126 auto repair production in Kharkiv with the direct
participation of the department "Technology of mechanical engineering and machine repair"
of KhNADU. The brake stand was equipped with measuring devices and control equipment
according to GOST 14846-81 [5] and included an electric balancing machine AKB 101-4
with the help of which the load was carried out.

The characteristics were taken according to three variants of tests at different engine
crankshaft rotation frequencies:

1 — test of the original engine;

2 — test with disconnection of only fuel supply to 1, 4, 6 and 7 cylinders of the engine;

3 — test with the fuel supply cut off and the absence of pumping losses of the cylinder-
piston group (CPG) in 1, 4, 6 and 7 disconnected engine cylinders.

It is known [6] that the load characteristic is the dependence of the specific fuel
consumption and other indicators of engine operation on the effective power or on the average
effective pressure at a constant crankshaft rotation frequency. Figures 1 a, b shows the results
of research at the crankshaft rotation frequency # = 2600 min™

The hourly fuel consumption (Fig. 1 a) can be determined according to the dependence

[7]
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1 — with all working cylinders; 2 — when the fuel supply to 50% of the cylinders is cut off;
3 — with fuel cut-off in 50% of the cylinders and the absence of pumping cylinders in the CPG

a— G, —hourly fuel consumption, 4., — cyclic fuel supply, g, — specific effective fuel consumption,

1, = f(N,) — exhaust gas temperature; b — G,, — actual air consumption,
717, — cylinder filling factor, ¢ — coefficient of excess air, 77, — mechanical efficiency,

n=r (N) — indicator efficiency
Figure 1 —~Load characteristics of a diesel engine (» = 2600 min™")

Source: developed by the author
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where K = 3600 _ 3600 =0,7 — constant for this diesel engine;

H,-30-7 42,7-30-4
7 =4 — the number of beats;
H,=42,7 —lower calorific value of diesel fuel, MJ/kg;
8. — specific effective fuel consumption, g/kWh;
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N, — effective power, kW;

F, — average effective pressure, MPa;

F, — average indicator pressure, MPa;

F,, — conventional pressure of mechanical losses, MPa;
17, — effective efficiency;

77; — indicator efficiency;

17,, — mechanical efficiency;

V, — volume of one cylinder in liters;

n — crankshaft rotation frequency, min™;

i:yl — the number of working cylinders.

Hourly fuel consumption G,> when only the fuel supply is turned off (option 2)
compared to option 1, it is 7% less, in the power range from 0 to 22 kW, due to the
improvement of the combustion process, and then it becomes more. When the fuel is turned
off and there are no CPG pumping losses in the disconnected cylinders (option 3), the time
consumption of fuel G/3 at low modes, the load decreases, compared to the first option, by

1.73 kg/h, or 21%, which is explained by the increase in indicator and mechanical efficiency,
and the decrease in pumping losses in disconnected cylinders. With a further increase in
effective power over 110 kW, the time consumption of fuel becomes higher than in option 1.

Cyclic fuel supply 9+ (Fig. 1 a) can be determined by the dependence [7]

104,Gf.z- _104,4.Gf _13.10° Gf
20, 12ni, l_:Vl_n,mg/Cycle. 2)

When the load changes at the nominal crankshaft rotation frequency (2600 min™) for

qcyl =

all test options, the cyclic fuel supply increases, since G increases, and = const .

The cyclic supply curve when only fuel is turned off (option 2) is higher than the
initial one, this is explained by the fact that when turning off the fuel supply in the cylinders
to maintain the engine shaft speed and load 9.: was increased due to more pressure on the
gas pedal.

Cyclic supply curve 9.:3 when fuel is turned off and pumping losses are eliminated in

cylinders 1, 4, 6, and 7, it is located slightly lower, which is associated with a decrease in the
power of mechanical losses by the amount of pumping losses in the four disconnected
cylinders.

Specific effective fuel consumption &, (Fig. 1a) with all variants of tests at low load

modes, about 1200-1400 min™' equals infinity, since 77,, 0. As the load increases &, sharply
decreases, as the mechanical and indicator efficiency increases [7]

_Gf'lo3_ 3600
ST TN T H g PV 3)

In the second version of the tests, compared to the original one, &. does not change,
and when the fuel is turned off and pump losses are eliminated, the specific effective fuel

consumption &.; the lowest due to an increase in indicator and mechanical efficiency (Fig. 1
b).
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Exhaust gas temperature /; (Fig. 1 a) increases with increasing load in all test options,

and according to the second and third options ?; higher than the initial one, as the amount of
released heat changes due to an increase in the cyclic supply of fuel. In the second option, the
temperature is lower than in the third due to the mixing of exhaust gases with the air coming
out of idle cylinders.

Actual air consumption G, (Fig. 1 b) in all test options with increasing load changes
very little. This is caused by a slight decrease in air density due to heating in the intake

manifold. When turning off only the fuel supply G, practically does not change compared

to the original option, but with the third option G,,; almost twice as low as in the first and
second options due to disconnection of the supply of fresh charge to cylinders 1, 4, 6 and 7.

Fill factor 77, = G, /Gy, (Fig. 1 b) practically does not change with all three options,
since the ratio of the actual and theoretical amount of air does not change significantly.

Excess air factor @ (Fig. 1 b) decreases due to a slight decrease in actual air
consumption and an increase in hourly fuel consumption (Fig. 1 a) [7]

— Gair
a=%4 1.6, ©

When disconnecting only the fuel supply (option 2) &, practically does not change.
When the fuel supply is turned off and the pumping losses are eliminated, the coefficient of

excess air @; lower, which is associated with a significant decrease in air flow (due to the
installation of a bypass valve in the disconnected engine cylinder), although fuel consumption
also decreases, especially in the load operating mode with a rotation frequency of 1200-1400

min 1.

Mechanical efficiency 77,, (Fig. 1 b) in all test options increases due to an increase in

the indicator power, since the power of mechanical losses is assumed to be independent of the
load [7]

Ne le
=N TN
in in s (5)

where N, — indicator power, kW;
N,; — power of mechanical losses, kW.

With all options 77,, changes in the same way, since the power of mechanical losses
[8], which depends mainly on the frequency of rotation of the crankshaft, remains constant.
According to the third option, the mechanical efficiency is higher to a greater extent due to a
reduction in the power of mechanical losses (reduction in pumping losses).

Indicator efficiency 77; (Fig. 1 b), which characterizes the perfection of the combustion

process, first increases and then decreases. Reduction 77; at low loads, it is explained by the
deterioration of mixture formation caused by low temperature (deterioration of fuel
evaporation), impaired atomization and possible fuel injection failures (due to insignificant
cyclic fuel supply); reduction 7, at nominal loads is explained mainly by the deterioration of
the combustion process due to a lack of air, which is also evidenced by the coefficient of
excess air: @ below 1.4 leads to incomplete combustion of fuel, increased smoke of exhaust
gases. Incomplete combustion is accompanied by the prolongation of the combustion process
according to the expansion stroke and, as a result, overheating of the parts of the cylinder-
piston group, coking of the fuel and excessive soot deposition.

Figure 2 shows fuel economy depending on engine crankshaft speed at different loads.
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Figure 2 — Fuel economy depending on the speed of rotation
crankshaft under different loads
Source: developed by the author

As can be seen from Figure 2, the maximum fuel economy occurs at a low load mode
at the crankshaft rotation frequency 7=1400 min' (P=0), moreover, the greater the
frequency of rotation of the engine shaft, the less the economy, at the nominal frequency the

fuel economyAG, reaches 1.73 kg/h. As the load increases, fuel economy decreases and at
P =0,25 (n=2600 min™) becomes minimal — 0.39 kg/h, and with a further increase in the

load, fuel consumption occurs.

One of the measures to ensure the dynamic properties of wheeled vehicles and power
on their drive wheels while reducing fuel consumption is the operation of the automobile and
tractor engine in the mode of disconnection of the cylinders. Insufficient attention is paid to
this problem, there are no studies of the load process and the method of control of vehicle
engine systems, which affect the reliability and functional stability of the wheeled machine,
and methods of diagnosis.

The work is aimed at solving the current scientific and practical problem of ensuring
the reliability and functional stability of wheeled vehicles in the mode of disconnection of the
cylinders. An effective method of further improving the fuel efficiency of the vehicle engine
when disconnecting part of the cylinders at low loads and speeds can be the transition to
neural networks controlled by the fuel supply system, which have feedback using the sensors
of the standard on-board system. The use of an artificial neural network also allows to
improve the latest technologies for monitoring and diagnosing the technical condition of the
elements of wheeled vehicles, in particular internal combustion engines.

The combination of the method of disconnecting part of the cylinders and the latest
technologies for monitoring and diagnosing the technical condition of the elements of
wheeled vehicles will provide the required level of technical characteristics, which determines
the relevance and prospects.

Conclusions.

1. The criteria are substantiated and a method of evaluating the energy indicators of
the engine when the cylinders are disconnected in the loaded mode of operation is proposed.
The following modes are considered engine load operations: 1 — test of the original engine; 2
— test with disconnection of four cylinders by st opping the fuel supply; 3 — test with
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disconnection of four cylinders with simultaneous cessation of fuel supply and absence of
pumping losses of the cylinder-piston group (CPG) in the disconnected cylinders.

2. It was established that when the engine is operating under load, the hourly fuel
consumption when only the fuel supply is turned off is 7-0% less, in the power range from 0
to 22 kW, due to the improvement of the combustion process, and then increases.

3. It was also established that when the fuel is turned off and CPG pumping losses are
eliminated in the disconnected cylinders, the time consumption of fuel at low load modes
decreases, compared to the first version of work, by 1.73 kg/h, or 21%, which is explained by
the increase in indicator and mechanical efficiency, the decrease in pumping losses in
disconnected cylinders.

4. The feasibility of using the method of disconnecting a part of the working cylinders
of the engine, saving fuel at load modes of no more than 70% of the total and with a further
increase in the effective power of the engine load, the time consumption of fuel becomes
higher than in the variant without disconnection of the cylinders, has been proven.
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MeToa OUIHKM eHepPreTMYHUX MMOKA3HUKIB JBUIYHA NPH BIIK/JIYEHHI OWIIHAPIB B

HABAHTAKEHOMY pe:KUMi podoTn

MeTor0 AaHOTO JIOCHI/PKEHHS € TiJIBUIEHHS e()eKTUBHOCTI POOOTH IBUTYHA B PEXKHMMI HaBaHTa)KCHHS
IIJSIXOM OOTPYHTYBaHHS KiJIBKOCTI BIAKIIIOYEHb LMIIHIpAa Ta BU3HAYCHHS EHEPreTHMYHUX NapaMeTpiB iHoro
poboTu. JloCATHEHHS TOCTaBJIEHOI METH Iepeadadae BUPIIICHHS HACTYIHHMX 3aBIaHb: BH3HAUYUTH BIUIUB
BIZAKIIIOUEHHS TIOJIOBUHM LIIIHIAPIB JU3eNs Ha MapamMeTpd Horo poOOTH Wil HaBaHTaKEHHSM; BH3HAUYNTH
xapakTep BIUIMBY HacocHmX BTpar B L[[II' mpum BHMKHEHHWX TIOJNIOBWHI IWJIIHAPIB HA EHEPreTHYHI
XapaKTePUCTUKH AN3EIS M1l HABAHTAXKECHHSM.

EdexTHBHICTD MOPUTHEBUX IBUTYHIB 3HAYHOIO MIpOIO 3aJISKUTH BiJl PSKUMIB iX poOoTH. SKmio mpu
HOMIHaJIbHUX 200 ONM3BKUX 0 HUX €KOHOMIYHI IMOKA3HUKH 3a3BHYail JOCSTar0Th ONTUMAIBHUX a00 OIM3bKUX
J0 HUX 3Ha4yeHb, TO NPHU YACTKOBUX HABAaHTAXKEHHAX 1 XOJIOCTOMY XOZi NaJHMBHA €(EKTHBHICTH IHU3ETiB MOXKE
nmoMiTHO moripuryBatucs. [Ipu mpoMy B pexxmMax poOOTH OiIBIIOCTI TPAHCIOPTHUX 3ac00iB 3HAYHY YaCTKY
CKJIaZIal0Th PEKUMH XOJIOCTOTO XOJy Ta HEBENIMKI HaBaHTaXEHHS. B poOOTi pO3risiHyTI pexXHMHU pOOOTH
HaBaHTAXXCHHS JBUTYHA: | — BUNIPOOYBaHHS BUXIAHOTO JBUI'YHA; 2 — BUIIPOOYBaHHS 3 BIIKIIOUEHHSM YOTUPHOX
IWIHAPIB TNPUIIMHEHHAM I0Jadi IajluBa; 3 — BUIPOOYBaHHSA 3 BIAKIIOUEHHSM YOTHPHOX LMIIIHIPIB
OJTHOYACHMM IPUIIMHEHHSM MOJayi NajiBa 1 BIACYTHICTIO HACOCHUX BTpaT HuiiHapo-nopiHeBoi rpynu (LI1I)
Y BIIKITIOYEHUX [WTIHAPIB.

JloBeZieHO TpO JOIIBHICTh BHKOPUCTAHHS CIOCOOY BIIKITIOYEHHS YaCTHHH TIPAMIOIOYNX IHIIIHIPIB
JBUTYHa, EKOHOMII MaJMBa Ha PeXHMMax HaBaHTAXeHb He Outbir sk 70% Bij 3araJbHOTO Ta NMPH HOAATBLIOMY
301IbIIeHHI e()eKTUBHOI OTYKHOCTI HABAaHTAXKCHHS JBUTYHA YacOBa BUTpaTa MAJIMBa CTAa€ BUILE, HIX Y BapiaHTi
0e3 BIIKITIOYSHHSI [IHITiHAPIB.

JABUTYH, CHEpreTHYHi NapaMeTpH, BiAK/II0YeHHS NIIiHAPiB, HABAHTAKECHHS IBUT'YHA, HACOCHI BTPAaTH
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