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Abstract. Diesel generators have advantages such as high reliability, superior economic
performance, and a wide range of applications. However, its working environment is relatively
sealed, and it is difficult for the internal heat of the motor to transfer to the outside. Prolonged high
temperatures can affect the operational performance of the motor and even cause danger. Therefore,
it is necessary to design a reasonable cooling system to ensure its efficient operation within the safe
working temperature. The water-cooled cooling system has good heat dissipation performance,
consisting of components such as a water pump, radiator, fan, water tank, and temperature
controller. By precisely controlling the water flow rate and wind speed, effective control of
the internal temperature of the generator is achieved, extending the service life of the equipment.
This article studies the power circuit of the mechanical damping device in the cooling system of
a 50kW pulse diesel generator, develops heat transfer and hydraulic energy circuits, and constructs
the frequency response of the circuit. As the water quality increases in the circuit, the amplitude
decreases at low frequencies (less than 4 rad/s) and frequencies close to 10 rad/s, and the amplitude
aligns. For one parameter variable, the optimal frequency is 3-4 rad/s.

Annomayus. JIu3eNbHBIC TEHEPATOPHI HMEIOT MPEUMYIIECTBA BBICOKOW HACKHOCTH,
MPEBOCXOAHBIX 3KOHOMHWYCCKUX XAPAKTCPHUCTHUK H INHUPOKOIO CIICKTpa HpHMeHeHHfI. OI[HaKO €ro
pabouasi cpela OTHOCUTENBHO TepPMETHUYHA, U TEIUIO BHYTPH JABHUraTellss TPYAHO Iepenarh HapyxKy.
JlnuTenbHbIE IEPUOABI BEICOKUX TEMIEPATyp MOTYT MOBIHATH HA paOOTOCTIOCOOHOCTh JBUTATENS U
JaXe CO31aTh OMAcHOCTh. [lodToMy HEoOXomuMo pa3paboTarh paAlMOHAIBHYIO CHUCTEMY
oXJaxJeHus 1 obecrieueHus: ee dPPexkTUBHON paboTHI Mpu Oe3omacHoi pabodeil Temmeparype.
Cucrema ¢ BOJSHBIM OXJIOKICHHEM O001a/aeT XOPOIIMMHU TEIUIOOTBOSIIMMH CBOWCTBAMH U
COCTOMT U3 HACOCOB, pPaJMaTOPOB, BEHTHIIATOPOB, PE3EPBYapoOB I BOABI U PETYISATOPOB
TEMIEepaTypsl W APYTUX KOMIIOHEHTOB. braromaps TOYHOMY YOpaBIEHUIO TIOTOKOM BOJABI H
CKOPOCTBIO BeTpa obecrneurBaeTcsi 3pGEeKTUBHBIN KOHTPOJIb BHYTPEHHEH TeMIepaTypbl TeHeparopa,
9TO TIPOUIEBAET CPOK CIyXObl 00OpymoBaHHs. B 3Toif crarbe H3ydaeTcsi cxema MOITHOCTH
MEXaHUYECKOTO JIEMI(UPYIOIIEr0 YCTPONUCTBA B CUCTEME OXJIAXKACHHUS UMIYIBCHOTO TU3ETHHOTO
rereparopa MomHOCThI0 50 kBT, pa3pabaTbiBaloTCs CXEMBI TEIJIONEpEeNadyd U TUIPABIUYECKON
OHEPIHUH, a TAKXKE CTPOUTCA HYaCTOTHad PCaKIUA CXEMBI. Ilo MEpPE YBCIIMYCHUSA KauC€CTBa BOJBI B
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KOHTYpE aMIUIUTY/la YMEHBINAETCS NMPU HU3KHUX YacToTax (MeHee 4 Pan/c) m wacrorax, OMM3KHUX K
10 Pan/c, n ammuinTyna BeipaBHHBaETCs. [l mapaMeTpuyecKoi epeMEeHHOM ONTUMalIbHAs 9acToTa
cocrasisieT 3—4 pana/c.

Keywords: diesel generator, cooling system, frequency response.
Kriouesvie cnosa: nu3enbHbIA TEHEPATOP, CUCTEMA OXJIAXKICHUS, YACTOTHAS PEAKIUA.

A diesel generator is a type of power generation equipment that uses diesel as fuel and diesel
engines as prime movers to drive the generator to generate electricity. Its working principle is that
the diesel engine sprays diesel fuel into the intake duct through an injection pump, mixes it with the
air entering the cylinder, and after high-pressure and high-temperature combustion, produces high-
pressure gas, which drives the piston to move and drives the crankshaft to rotate, thereby driving the
generator to generate electricity. The components of a diesel generator include a diesel engine,
generator, cooling system, fuel system, and electronic control system. Each component has its
specific function, and they work together to achieve the normal operation of the diesel generator.

With the rapid development of the national economy, the total consumption of electricity in
the country continues to rise, and shows a diversified development trend, especially in the areas of
mobile power, emergency power, and fire power, where demand is gradually increasing. As
conventional backup power supply equipment, diesel generators have many advantages.

High stability: As an independent power generation system, diesel generators are not affected
by power grid issues and have independent and stable power supply capabilities. At the same time,
in environments with significant load changes, the diesel engine speed can be adaptively adjusted,
ensuring a stable supply of electrical loads and high power quality [1].

Quick start: The diesel generator starts quickly and does not require hot standby. It usually
only takes a few seconds to start, and the operation method is simple and easy to control. In
emergency situations, it can quickly supply power and ensure the normal use of electricity.

Economy: Compared to other power supply methods, diesel generators, as intermittent
working equipment, have much lower fuel consumption than automotive diesel engines and higher
thermal efficiency. Compared to gasoline engines, they can generate more driving force with the
same mass and volume, making them more economical [2]. On the one hand, the maintenance and
operation costs of diesel generators are relatively low. On the other hand, it has the advantage of an
independent power supply system, which can continue to provide electricity security for users even
in the event of a power outage.

Wide applicability: Diesel generators can choose different power units according to different
needs. It is suitable for various weather and geographical environments and can provide power 24/7.
Meanwhile, because it can use fuels such as diesel, natural gas, and even biogas, it can meet various
environmental needs and fully demonstrate its applicability [3].

At present, there are various types of diesel generators on the market, which can meet a wide
power range. However, diesel engines are highly heat generating power equipment, and
approximately 30% of the heat generated by diesel generators during operation is absorbed by the
engine body components [4]. Due to the direct connection between the generator and the diesel
engine, the generator operates in a relatively high temperature environment. Moreover, diesel
generators operate in a relatively sealed working environment, making it difficult for the internal
heat of the motor to transfer to the outside, resulting in a sharp increase in motor temperature rise. If
the body components are not cooled in a timely manner, their material properties will significantly
decrease [5]. At the same time, due to temperature expansion, the fitting relationship between
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components will be damaged, increasing their wear and even leading to shutdown and jamming [6].
Therefore, considering that prolonged high temperatures can affect the operational performance of
the motor and even pose risks, it is necessary to design a reasonable cooling system to suppress the
temperature rise of the motor and ensure its efficient operation within the safe working temperature.
In order to better study the diesel engine cooling system, the power circuit of the device was drawn
and the frequency response of the circuit was constructed. By mathematical transformation of the
power circuit, complex impedance, frequency function, amplitude frequency characteristics, and
phase frequency characteristics were obtained.
Cooling system composition and thermal principles

The cooling system of a diesel generator consists of multiple components such as a water
pump, coolant tank, heat exchanger, temperature sensor, etc. The circulating coolant absorbs and
transfers the heat generated by the generator to ensure that the temperature of the generator is within
a safe range [7]. The water pump is the core component of the liquid cooling system, responsible
for extracting coolant from the coolant tank and delivering it through pipelines to the radiator of the
generator. Water pumps are usually driven by electric motors or engines to ensure sufficient coolant
flows through the generator [8]. The coolant tank is a container for storing coolant. It is usually
located near the generator and can accommodate enough coolant to meet the needs of the entire
liquid cooling system. The coolant tank also has a coolant settling chamber for filtering and
removing impurities and dirt from the coolant. A heat exchanger is a device used to transfer the heat
generated by a generator to the coolant. The coolant exchanges heat with external circulating water
inside the heat exchanger to reduce temperature [9]. The temperature sensor is used to monitor the
temperature of the coolant and send the data to the generator control system. When the temperature
exceeds the set value, the control system can take corresponding measures, such as increasing the
coolant flow rate, adjusting the fan speed, etc.

The forms of heat transfer are relatively complex, including three types of heat transfer: heat
conduction, heat convection, and heat radiation [10]. However, due to the forced flow of cooling air
and coolant, the impact is more significant and thermal radiation can be ignored [11].

The convective heat transfer can be calculated using the Newton cooling formula [12], which
is in the following form:

¢ = Ah(t —ty,)
q = h(ty — tf)

In the formula: ¢ — heat flow rate, W; A — solid surface area, mz; h — average surface heat
transfer coefficient of the entire solid surface, W/(m*-K); t,, — average temperature of the solid
surface, °C; tr — fluid temperature, °C; g — Heat flux density, W/m?.

The local convective heat transfer is:

qx = hy(ty — tf)x

Then, the total convective heat transfer on the entire solid surface area A is:

¢ = f q,dA = fhx(tw — t;)dA

Forced convection refers to the flow of fluids generated by the action of fans, pumps, or other
external forces [13]. The most widely used correlation for turbulent forced convection heat transfer
in pipes is the Ditus-Belt formula:

_ 0.8p,.0.3
N, = 0.023Ref*Prf
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In the equation: N, ;- known as the Nusselt criterion, is a dimensionless quantity composed

of several physical quantities. [ — the characteristic scale, which determines the temperature of the
physical parameters in the criterion equation, is the qualitative temperature.

For situations where the temperature difference exceeds the recommended range, the
following method can be used to calculate:

08p.1/3 (Hr\**
Ny, = 0.27Ref"Pry <ll_)
w
The qualitative temperature of this equation is the average fluid temperature t;, and the inner
diameter d of the tube is the characteristic length. The experimental verification range is: Rey = 1 X
104, Pry = 0.7 ~ 16700, [/d = 60.
Heat conduction follows Fourier's law as follows:

Y dA
¢= dx
In the equation: A — the thermal conductivity of an object (also known as thermal
conductivity); ¢ — heat flow rate.
The heat flux per unit area is called the heat flux density, which can be expressed as follows:

b dt

:—:—/1—
1 A dx

In the formula: q — heat flux density.

During steady-state heat conduction, the boundary temperature remains constant, i.e. t,, is a
constant. For non-stationary heat conduction [14, 15], whent > 0, this type of boundary condition
requires the following relationship:

tw = f1(T)

For non-stationary heat conduction, the following relationship should be given for these
boundary conditions:

1 (6t> _
5). =R
The third type of boundary condition can be expressed as:
T
Therefore, the heat dissipation of the fins is:

do msh{m(H — x)] msh(xH)

¢ =—Ad——lx=0 = O ch(mi) lx=0 = Alm@om

Power circuit and discussion
Figure 1 shows an experimental installation of a waste heat exchanger with a phase change.
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Figure 1. Experimental device for diesel generator cooling system: 1 — diesel generator; 2 — heat
exchanger; 3 — pipeline; 4 — shock valve; 5 — check valve; 6 — pump; 7 — hydraulic accumulator.

In the pulse mode, the cooling of the diesel generator is improved by increasing heat transfer.
The pulse mode is created by the shock valve 4 when the flow rate is higher than the set one. Then
the impact valve will close abruptly and the kinetic energy of the coolant flow will be converted
into potential increased pressure. Next, a wave of increased coolant pressure will go towards the
heat exchanger 2 and increase its heat transfer.

When the shock valve (4) is abruptly closed, the fluid in the pipeline (3) stops moving, and
the kinetic energy of the original liquid flow becomes squeezing energy, thereby increasing the
pressure. Then, through the action of a pump (6), the hydraulic accumulator (7) absorbs the
pulsation of flow and pressure in the system, transforming it into compressed energy or potential
energy for storage. Figure 2 shows the part of the installation where heat transfer takes place.

d=2mm
Figure 2. Part of the heat transfer plant: t - the temperature of hot water; t;, t, - wall temperature; t;-
the temperature of the air; o, - convective heat transfer coefficient of water and left wall; a; - convective heat
transfer coefficient of air and right wall; 6 - the thickness of the wall surface; A - Thermal conductivity of the
wall

Figure 3. Heat transfer energy circuit
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The circuit link equations:

{t =711q T 712q1 T 713Gz T 13
q = ity + Gty + g

The input and output of the energy chain for thermal calculation are presented in the form of a
“black” box.

Q-(s) i Ty(s)

Figure 4. Black box for heat transfer

Equations for ts,t,, t5,tq, qy:

tz3 =t30 + t3
t; =13q; + t3
ty =1rq;, t 1z
42 = G20 + Q2
q1 = cot; + g

Equations on t,from the 1st link:

ty =13qy +t3 = 13(q20 + G2) tt30 + T3 =73q20 + 7302 +t30 + L3
t,=t, =13q; +1t3

Equations on g, from the 1st link:
g1 =Gt +q; = Cz(T3C;Iz + 53) + Qa0 + G2 = o132 + Cotz + Ga0 + G2
The equation on t;:

ty =1q1 + 1t = Tz(czr3‘?2 + etz + G0 + ‘?2) + (1320 + 13q2 + t30 + t3)
= Ca1a13qy + CoTols +12qy0 + 12q2 +13q50 + rng + t39 T &3
= 113Gy + (1 + 13)q2 + (1 +13)q20 + Co1ats + E5 + 3

The equation on t;:
t1 = Co1o13q, + (ry +13)q; + o1ty +
The equation on q:
q=cti+ct,+q=0c [Czrzrsaz + (1 +13)q, + 1ot + E3] + CZ(T3C;IZ + 53) + (G20 + 72)
= C16p1213q, + (€172 + 173 + C313) G2 + G + G20 + C1CoT2ts + (61 + C2)E3

The equation on t:
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t =7q+71q; +13q; + 13 )
=n [C1C27”27”352 + (cr7ry + €173+ €213) 02 + Qo + Qoo + C1C27t5 + (01 + 02)1?3]
+ 7‘2(027”35._12 + Czi_3 + gz t ‘72) +713(q20 + G2) tt30 + 3
= [C102r17'27”352 + (cyriry + e + C113) 4, + 111Gy + TG0 + C1C27"17”2%2
+ (e + CZrl)ES] + (c21am3dy + Comats + 120 + 1202) +13(q20 + @2) + t30 + E3
= C16,NTe13q, + (eyrry + C17'17'3 + et + C1a13) @y + (1 + 1 +13)Q;
+ (ry + 15 +13)q00 + clc2r1r2t3 4 (c1y + Co1y + o1yt + T3 + ta
Equation for images:
(ay8% + azs + a3)Ts(s) = —(bys% + bys + b3)Q,(s)
Coefficients:
Ay = C1C1 1
a, = C117 + Ca1y + a1y
az; =1
by = cicy11y13

bz = (1111 + C11 13 + CoT13 + CoToT3
b3 =" + 3] + T3

Complex resistance Z(s):

T3($) _ —b1$2 - bzs - b3
Q,(s) B a;s®+a,s +a;

Z(s) =

Frequency function of the circuit:
s—>jQ,j2=-1
Frequency function of the circuit:

T3(s)  —bys® —b,s —b;  b)? — byjd — by
Q,(s)  a;s2+a,s+a; —a 02+ a,jR+as
_ (b12? — byj2 — b3)[(—a,0? + a3) — a,j0]
T [(—a12? + a3) + a,j01[(—a:1.0? + a3) — ayj02]
—a,;by0* + azb,0? — aybyj23 + a;b,j03 — azh,j0 — ayb,0?
< +a,b302% — azb; + a,bsj0 )
(—a,02% + a3)? — a3j20?
[—a1b1[24 + (a;b, — ayby)j023 + (a bs—ayb, + azb,)2? +]
(azbs — aszby)j2 — azbs
(—a; 2% + a3)? + ain?

Z(s) =

We derive the real part of the complex resistance:

_a1b104 + (a1b3 - a2b2 + a3b1).(22 - a3b3
(—a 2% + a3)? + a30n?

Re(j2) =

We derive the imaginary part of the complex resistance:
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(a;by — a2b1)j-(23 + (azbz — azhy)jN
(—a 2% + a3)? + asn?

Im(j2) =

We obtain the amplitude-frequency function of the energy circuit:
(i) = \/Re(j2)? + Im(j2)?

Get the phase-frequency function of the energy circuit:

Im(j(2
p(jR) = —arctyg erg'n;

The known conditions:
to = 90°C
ny = 50kW
noy 50x103
Qo = a =" 90
A =350
F = 1m?
a; = 1500,a, = 15
1
= o F 1500 x1 0.00067
§ 2x1073
T AF T 350x1
1
BT LF  15x1
c; = 0.002
c, = 0.001

= 555.56

T =571x107°

= 0.0667

Algorithm for plotting graphs.
The values of the coefficients are calculated:
a, = c;¢,1y7, = 0.0019 X 0.0019 X 2.88 X 107* x 7.143 X 107 = 7.52 x 1071°

a, = (1 + Co1q + CoTy
= 0.0019 x 2.88 x 10~* + 0.0019 x 2.88 x 10~* + 0.0019 x 7.143 x 10~°

=1.11x10°°
az; =1
by = cicy1113 = 0.0019 X 0.0019 X 2.88 X 10™* x 7.143 X 107° X 3.33 x 1072
=2.51x 10716

b2 = C1T1T2 + C1T1T3 + C2T1T3 + C2T2T3
= 0.0019 X 2.88x 10™* x 7.143 X 107° + 0.0019 x 2.88 X 10~* x 3.33 X 1072

+ 0.0019 X 2.88 x 107 x 3.33 X 1072 4+ 0.0019 X 7.143 X 107° X 3.33 x 1072
=3.72x 1078
by =71, +1,+71; =288x10"*+7.143 x 107 +3.33 x 1072 = 3.36 X 1072
The limit of change () is accept, 0 = 1...10 rad/s. Calculation of the real and imaginary part
of the frequency function: 0 = 1 rad/s.

Re(jf2) = —a,by0* + (a1b; — ayb, + asb)0? — azby
¢ B (—a 02 + a3)? + as0?
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(azb, — azby — a1b3)j0> + azbsj
b06 + (2b,bs + b3)N* + b20?

A(j2) = \/Re(j2)? + Im(j2)?

Im(j2)

Re(jN)

Im(jQ) =

p(j) = —arctg

The dependency graph is drawn based on input values. For optimal graph perception, take
only those values that affect dependencies. The obtained values for the first stage of heat transfer

are shown in Table 1.

Table 1
RECEIVED INFORMATION FOR HEAT TRANSFER
ngy, kW 11,°C2 /W 1,,°C2 /W r3,°C2 /W ¢, W/°C? ¢, W /°C? to,°C
50 x 103 6.7 x 107* 5.71x 107 0.0667 0.002 0.001 90
50 x 103 13.4 x 107* 5.71x 107 0.0667 0.002 0.001 90
50 x 103 20.1x 1074 5.71 x 107 0.0667 0.002 0.001 90
Table 2
VALUE AMPLITUDE FREQUENCY RESPONSE FOR ENERGY CIRCUIT
Q A1(92) »1(G2) A,(j12) (D) A3(j12) P3(Q)
1 0.0674 2.0102E-08 0.0680 7.93898E-08 0.0687 1.76718E-07
2 0.0674 4.02039E-08 0.0680 1.5878E-07 0.0687 3.53436E-07
3 0.0674 6.03059E-08 0.0680 2.38169E-07 0.0687 5.30153E-07
4 0.0674 8.04079E-08 0.0680 3.17559E-07 0.0687 7.06871E-07
5 0.0674 1.0051E-07 0.0680 3.96949E-07 0.0687 8.83589E-07
6 0.0674 1.20612E-07 0.0680 4.76339E-07 0.0687 1.06031E-06
7 0.0674 1.40714E-07 0.0680 5.55729E-07 0.0687 1.23702E-06
8 0.0674 1.60816E-07 0.0680 6.35118E-07 0.0687 1.41374E-06
9 0.0674 1.80918E-07 0.0680 7.14508E-07 0.0687 1.59046E-06
10 0.0674 2.0102E-07 0.0680 7.93898E-07 0.0687 1.76718E-06
A
0.0688
° g < 9 < - < -0 o 2
0.0686
0.0684
0.0682
0.0680 . et e et Bl . S S i |
<
0.0678
0.0676
0.0674 I e e e e S .
0.0672
0 2 1 6 8 10 12
Q, rad/s
- 0= AlI(GQ) - o - A2(1Q2) —e— A3(Q2)
Figure 5. Amplitude frequency response
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Figure 6. Phase frequency response

In the process of modeling heat transfer in the energy circuit, it was found that the frequency
increases with the increase of ry.

a P { P, P, Py Py b
v o v,cr v,y By Ly,
Il ]7

Figure 7. Hydraulic circuit

The circuit link equations:

P = T‘1V12 + mVl +T‘12V12 + P3
V:l1P+l2P3+V2

Black box:

V,(s) Ps(s)

Figure 8. Black box for hydraulic energy circuit

The calculation of hydraulic circuits is similar to that of heat transfer energy circuits.
The known conditions: P - pressure, kPa; V - volume flow, [/s [liter per second]; r - active

c2 it
kPl‘ilts ]; m - mass of liquid, [kg]; [ - hydraulic compliance, [l;%], 1 litre = 10 metre

resistances, [
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Parameter are calculated or found from the experiment.
Are set by the input power of the circuit, for example np = 50 W, as well as the inlet
pressure P, = 100 kPa. Hire the pressure loss on the active resistance is assumed 5 + 10%.
_ny 50

° =P, =100 07

According to equation write the formula for ry, 75:

_01xP, 01x100

nE=yz T s W
rz = 0.57‘1 ES 20
The mass of water depends on the volume of pipelines.
m =10 kg
The compliance is found for equation:
l _ AV 05x0.5 — 0.0083
T p T 03x100

Voo = 02XV, =02 % 0.5 =0.1

Algorithm for plotting graphs.
The values of the coefficients are calculated:

a; = myl; =10 % 0.0083 = 0.083
a, = 2Vl (r; + 1) = 2% 0.1 X 0.0083 x (40 + 20) = 0.0996
az; =1
by = myl;l, = 10 x 0.0083 x 0.0083 = 0.0006889
b, = 2Vyolyl,(ry + 1) = 2 X 0.1 X 0.0083 x 0.0083 X (40 + 20) = 0.00082668
b; =1, +1, =0.0083 + 0.0083 = 0.0166

The limit of change () is accept, 0 = 1 ...10 rad/s. Calculation of the real and imaginary part
of the frequency function: ) = 1 rad/s

a,b102° + (ayb; — a,;b,)2* + (azh, — a,b3)N?
b20° + (2b1bs + b2)0* + b30?

(azb, — asb; — a1b3)j0* + azbsj
b20° + (2b1bs + b2)0* + b30?

A(j2) = \/Re(j2)? + Im(j2)?

Im(j12
p(j2) = —arctg Rnel((;ﬂi

Re(j2) =

Im(jQ) =

According to equation write the formula for

Table 3
CIRCUIT PARAMETERS
mq, kg r,N/m-s r,N/m-s l,lit-s/kPa Ly, lit-s/kPa  Psyg,kPa Vg, lit/s
10 40 20 0.0083 0.0083 100 0.1
20 40 20 0.0083 0.0083 100 0.1
30 40 20 0.0083 0.0083 100 0.1
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Dependency graphs are plotted based on the input values. For the best perception of graphs
values are taken only those that affect the dependence.

The values obtained for the first stage of the energy circuit are shown in Table 4.

Table 4
RECEIVED INFORMATION FOR HYDRAULIC
Q A, Q) 1) A, (D) (210 A3 () P3(€)
1 48.8531 1.5182 38.7890 1.5232 30.0373 1.5410
2 11.5191 1.4857 2.0795 -0.1948 8.2592 0.8745
3 1.5798 0.5296 10.0460 0.8912 14.7013 0.7758
4 6.1112 0.9286 12.1857 0.7176 15.3358 0.5643
5 7.8720 0.8072 12.3997 0.5477 14.7742 0.4056
6 8.4598 0.6705 12.0570 0.4174 13.8976 0.2984
7 8.5769 0.5501 11.5156 0.3230 12.9453 0.2263
8 8.4839 0.4516 10.9020 0.2552 12.0150 0.1766
9 8.2842 0.3736 10.2770 0.2057 11.1489 0.1412
10 8.0269 0.3121 9.6720 0.1689 10.3614 0.1153
3 A
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SO.0000 2
o \
$0 0000 "‘
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30.0000 B
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Figure 9. Amplitude frequency response
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Figure 10. Phase frequency response
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Based on the results of the calculation, the graphs of the amplitude frequency response and
phase-frequency response and frequency response of the circuit are constructed. Further in these
graphs are under construction.

In the process of modeling the hydraulic power circuit, it was found that as the mass
increases, the frequency of the hydraulic circuit quickly reaches its minimum value, oscillates, and
ultimately the frequency decreases as the mass increases.

With an increase in the mass of water in the circuit, the amplitude decreases at low
frequencies (less than 4 rad/s) at frequencies close to 10 rad/s, the amplitudes are aligned. The best
frequency will be 3-4 rad/s for 1 parameter variant.
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