ABTOMATU3ALLIA | IHPOPMALIMHI TEXHOAOTIT

UDC 621.87

Research of the efficiency using the model of the spatial hinge in an
internal combustion engine

Dmitry Mishchuk?, Yevgene Gorbatyk?, Yevhene Mishchuk®

1.234Kyiv National University of Construction and Architecture,
31, Povitroflotskyi Avenue, Kyiv, Ukraine, 03037,
Imischuk.do@knuba.edu.ua, https://orcid.org/0000-0002-8263-9400,

2gorbatiuk.iev@knuba.edu.ua, https://orcid.org/0000-0002-8148-5323,

3mischuk.ieo@knuba.edu.ua, https://orcid.org/0000-0002-7850-0975

Received: 10.10.2022; Accepted: 28.11.2022
https://doi.org/10.32347/gbdmm.2022.100.0502

Abstract. An internal combustion engine is a
heat system for many kinds of use in the field of
engineering. The difficult economic situation
around petroleum products, which is associate with
their deficit and modern environmental safety
standards require switching to alternative energy
sources and looking for ways to modernize internal
combustion engines to increase their efficiency. A
large number of internal combustion engines be-
long to the crank group. The analysis of the crank
group showed their low technical efficiency. When
the piston is in the upper position at the time of
ignition of the combustible mixture in the cylinder,
the maximum pressure occurs. This leads to maxi-
mum driving force with a minimum crank angle.
Also increases the friction of the piston on the
cylinder wall, the wear of the cylinder wall, addi-
tional local heating of the surface of the cylinder
and over-load of the crankshaft. Thus, a decrease
in the net power resulting from the combustion of
fuel in the engine occurs. To increase the efficien-
cy of the crank mechanism, it is propose to apply a
new design of the torque transmission mechanism
in the engine, which will be built based on a spatial
hinge. This paper presents a study of the power and
kinematic parameters of the spatial hinge of an
internal combustion engine.

Keywords: engine; crankshaft; spatial hinge;
polytropic indicator; modeling.

PROBLEM ANALYSIS

The modern development of internal com-
bustion engines occurs in the following areas:
increasing fuel efficiency; improving envi-
ronmental safety; increasing power while re-
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ducing their metal consumption, reducing
weight and overall dimensions; creation of
hybrid propulsion systems of engines; increas-
ing reliability and resource; improving ser-
viceability; the use of alternative fuels and so
on [1, 2]. Modern engines are complex tech-
nical systems with a large number of units
aimed at increasing its efficiency, however,
from the technical design of view, they practi-
cally do not differ from their classical schemes
[3, 4]. Preparation of excellent performance
and engine performance is carried out by in-
creasing the efficiency of working cycles, the
use of progressive design schemes, use of al-
ternative fuels and modern economical elec-
tronic fuel injection systems [5].

The main part of internal combustion en-
gines in construction equipment belongs to the
group of crank-connecting rods, the structural
schemes of which differ significantly from
each other [6] (Figure 1). The disadvantage of
this system is that at the time when the piston
is in the upper position, then the maximum gas
pressure acts on it, which creates the maxi-
mum force. This force presses on the crank
without doing any work since there is no
shoulder of such force at that moment in time.
This problem has been solve partially by shift-
ing the ignition process of the mixture and
shifting the piston from the vertical [7].
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AUTOMATION AND INFORMATION TECHNOLOGY

Fig. 1. Crank mechanism: 1 — finger; 2 — piston; 3 —
connecting rod; 4 — crankshaft

In this paper, it is propose to consider a
constructive modernization of the crank mech-
anism of the internal combustion engine with a
spatial hinge, which allows to significantly
shift the angle of rotation of the crankshaft
when the piston is in the upper position to ob-
tain the maximum effect from the work of gas
expansion [8].

PURPOSE OF THE RESEARCH

Kinematic and power study of the effec-
tiveness of the use of the spatial hinge in the
internal combustion engine system.

METHODOLOGY
It is proposing to investigate the spatial
hinge, which is capable of transmitting rota-

tion between the shafts, located at an angle
relative to each other (Figure 2) [8].
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Fig. 2. The spatial joint: 1 — crank; 2 — connecting
link; 3 — an oscillatory shaft; 4 — support

The joint consists of a crank 1, a connecting
rod 2 and a vibrating shaft 3. All the hinge
elements are in the housing 4. The peculiarity
of such a mechanism is that the input and out-
put shafts are at an angle of 900 relative to
each other. This representation of the spatial
hinge is a variation of the Hook hinge [9]. The
spatial hinge works as follows: turning the
crankshaft 1 leads to the movement of the
connecting rod 3, which has an articulation
with a crank and an oscillating shaft (Figure
3). As result of the movement of one end of
the connecting rod 2, the oscillating shaft 3
rotates, and when the crank 1 rotates at 360°,
the oscillating shaft rotates only 90°. Thus,
when the crank rotates, the shaft 3 vibrates and
vice versa, when the shaft 3 rotates, the crank
1 rotates.

Fig. 3. The principle of operation spatial joint
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The crank radius is indicated by |; and the
angle between the axis of the connecting rod
link and the crank by ¢ (Figure 4).

If the axis of rotation of the crank intersects
the axis of rotation of the connecting rod, the
length of the cross-link through which the
movement from the crank to the swinging
shaft is transmitted is determined by the fol-
lowing relationshipl, = b

CoS®

The work of the spatial hinge from the ex-
treme position of the connecting rod is consid-
ered. In this case, the link 2 will be at an angle
of 90° to the oscillating shaft 3, which will also
occupy its extreme position, will be describe
by a maximum deflection angle:

Bmax = arcsin(ll—l) =arcsin(cosp). (1)
2

The rotation of the oscillating shaft will be
determine by the angle of rotation:

I, cos
B= arctan(ﬁ) = arctan(l—(x) =
h I, tan

1 ¢ )

Ccosa

=arctan(——),
tan

where:

h — the distance will be determine by the de-
sign parameters of the mechanism (h = ltge);
y; =l cosa — by the projection of the crank
on the axis relative to which the displacement
from the extreme position is calculated.

The angle of rotation of the oscillating shaft
can will be determine by the following formu-
la:

l, tang
=arccos(———-), 3
p (IZCOS ®) 3
where:
®:arcsin(IlSIn %) _ the angle of rotation of

2
the connecting rod.
Provide that the torque 3 acts on the oscil-

lating shaft M 5, the magnitude of the torque on
the crank 1 is determined:

M
My ==32x, (4)

i

where:

I = \/Ilz cos? o+ 12tg%p — the distance of the
action of the force that occurs in the connect-
ing rod due to the transmission of torque from
the vibration shaft;

X, = l;sina — crank distance.

After the transformations and simplifica-

Fig. 4. Schemes of the spatial joint to determine its main characteristics
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tions of expression (4) it were get

M, M3 sina

= : (5)
tgey/cos? o - ctg2p +1

The characteristic of changing the transmis-
sion of torque from the drive shaft to the fol-
lower:

Ml _ Sin(X.

= (6)
M3 tgey/cos? a-ctg?p+1

The graphs of the results of a research the
change an angle of rotation § and the nature
of the transmission of torque from the oscillat-
ing shaft to the crank in the range of a full rev-
olution o of the crank at different angles ¢ of
inclination of the connecting rod to the crank
show in Figure 5.

0
P, rad

5

0
MI/M3

-5

=10 0

2
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Fig. 5. Graphs of changes the angle of rotation
B (a) and transmission of moments M:/Ms (b)

From the graphs presented, it can be seen
that the efficiency of torque transmission in
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the considered mechanism depends on the an-
gle ¢, which is recommended to choose in the

range 0,4..0,7 radians. The most efficient
transmission of torque from the swinging shaft
to the crank occurs at a crank angle of 90° re-
gardless of the angle of the connecting rod
(Figure 6).

MI1/M3 \

complex
8L construction

6
low

4 efficiency
2 \

\ @, rad
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Fig. 6. The variation of gear ratio on the mo-
ment M:/M; for o, =90°

When an angle ¢ between the connecting

rod and the crank is less than 40° a sharp
change in the angle of rotation of the oscillat-
ing shaft near the position of the crank 90°
oceurs.

Taking the time derivative of expression
(2), we will be have [10]:

dB_ sina-ctgp  da
dt  1+cos’a-ctg’e dt

(")
It is known that d—B=mﬁ and d—a=ma then
dt t

we will have kinematic gear ratio:

o sin o - ct
2B 9 ©)

®,  1+cos®a-ctg’e

The operation of the crank mechanism of an
internal combustion engine with a central
(Figure 7, a) and with a displaced piston
placement (Figure 7, b) is investigated.

Piston stroke with central placement:

Sl=|3+|4_|3 COSBll_I4 COS(Pll. (9)
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Fig. 7. The crank mechanism with the central (a) and with a displace location of the piston (b)

The deflection angle ¢4 of the connecting rod
is express by the angle B, of rotation of the
crank:

Py = arcsin(:—%in Bllj, (10)
4

where:
oS pyq = 1-sin? ¢y . (11)

Piston stroke with displacement with dis-
placement:

82 = ﬂlg + 2|3|4 —|3 COSBIZ — |4 COS(P]_Z' (13)

The deviation angle ¢;, of the connecting rod

is express by the angle B,, of rotation of the
crank:

Qo = arcsin[:—3 (@—sin 512)) (14)
4

Neglecting the weight of the piston, con-
necting rod and crank, the torque moment on
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the output shaft of the crank mechanism is
determined.
For the central location of the piston:

cosy
CcosS 011

M kp.c.p.n. — Pl

I3, (15)

where:
P, — the force create by the pressure of gases

as they expand;
y — the projection angle of the connecting rod

to normal to the crank (y = g —B11—011)-

For displacement of the piston with dis-
placement:

C0S€2,q
Cos 012

M kp.e.p.n. — PZ ’

I3, (16)

where:

P, — the force create by the pressure of gases
as they expand;

Q51 —anangle

(Qyy = arcco{:—3 (sin? By, —sin BlZ)J —g ).
4
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The forces P, and P, are create by the
pressure of the gases as they expand in the
combustion chamber of the engine. The value
and the change in gas pressure in the combus-
tion chamber defined by the equation poly-
tropic expansion [11, 12]:

szzk = prbk ) (17)

where:

p, is the gas pressure in the combustion
chamber at the beginning of the expansion
process (for diesel engines p,= 5... 12MPa);

Pp IS gas pressure at the end of the expansion
process; V, and V, are respectively the initial

(combustion chamber volume) and the final
(expansion chamber volume) of the cylinder
volume; k is polytropic indicator (for diesel
engines 1,18...1,28).

It is known that the volume of the cylinder
depends on its cross-sectional area and height
(displacement of the piston):

Sk TCDZ “
VA N 4
pb pz _Zk = pz k
V 2
g (S, sy(“z ] (18)
Sk
=P, 0 K ?
(So +9)
where:

S — the stroke of the piston;

Sp — the size of the combustion chamber;

D — piston diameter.

Accordingly, the forces acting on the piston
from the gas pressure will be determined by
the following dependencies:

sk nD?
PR=p,—2——, (19
(So+S)" 4
sk nD?
P=p,—2—— (20
(So+S,)" 4

For engine with dimensions D =130mm,
l; =70mm, I, =175mm, Sy =5mm, k =1,28,
p, =6MPa built dependence stroke crank
mechanism according to the rotation of the
crank shaft (Figure 8) and indicator diagram of
the enlargement process of working gas in the
engine cylinders (Figure 9).
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Fig. 8. Graphs changes of stroke
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Fig. 9. Graphs change in gas pressure in the cavity of the cylinder
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Between the angle of rotation of the crank
of the crank mechanism and the swinging shaft
of the spatial joint there is the following rela-
tionship:

B11(B12) =B+E. (21)

where:
§ - the angle of deviation of the crank from the
angle of rotation of the swinging shaft of the
spatial hinge.

The properties of motion transfer from the
crank mechanism through the spatial hinge to
the consumer for angle ¢ =45° are investigate.

Figure 3 shows the graphs of the moment

indicator on the crank of the spatial hinge
(Figure 10).

From the graph (Figure 10) it can be seen
that the maximum indicator torque in the en-
gine with the traditional crank mechanism
(curve 3) is approximately 1200 Nm, while in
the engine using the spatial hinge the indicator
torque can be increased to 5500 Nm (curve 2).

An engine with a displaced piston and a
space hinge has been developed to transmit
torque to the consumer (Figure 11).

CONCLUSION

To improve the efficiency of internal com-

M] Hm

|
E-n® /]

—\‘!

4000

2000

I, degree

-2000

Fig. 10. Graphs change the moment indicator on the crank hinge spatial

Fig. 11. The design of the engine with a spatial hinge and tilting shaft
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bustion engines is propose to develop its struc-
ture shifted to accommodate the piston from a
vertical crank length on the value and use ad-
vanced spatial joint for transmitting torque to
the consumer. In the future, it is necessary to
study in more detail the processes in the opera-
tion of such systems for a clearer understand-
ing of their work.
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Hocaigxenns epeKTUBHOCTI 3aCTOCYBAHHS
MoJeJii IPOCTOPOBOIO IAPHIPAa B KOHCTPYKIUIL
JABUI'YHA BHYTPIillIHHOTO 3rOPSTHHS

Jmumpo Miwyx*, €szen I'opbamiox?,
Cezen Minyx®

L23Kuiscoruii nayionanvhuii ynieepcumem 6yoie-
HUYmMea i apximexmypu

AHoTanisi. /[BUTYH BHYTPIIIHBOTO 3TOPSIHHS —
LI€ CHJIOBA CHCTEMA, L0 3aCTOCOBYETHCS B Oara-
THOX BHUJIaX MalllWH B ranxy3i OymiBHUITBa. CKIIaj-
Ha EKOHOMIYHA CHTYyallis HaBKOJO HadTompomyk-
TiB, OB’ sI3aHa 3 1X Ae(iIUTOM, 1 CydacHi CTaHaap-
TH €KOJIOT1YHOI 0e3MeKH BUMAararoTh Iepexoay Ha
IBTEPHATHUBHI JPKEpena eHeprii Ta MouIyKy Luis-
XiB MOJIepHi3allii JBUTyHIB BHYTPIIIHEOTO 3rOPSH-
HA JUIs THABUINEHHS iX eQekTUBHOCTI. Bemnmka
KUTBKICTh JBUTYHIB BHYTPIIIHBOTO 3TOPSHHS Bij-
HOCHUTBCS 10 KPUBOUIMITHO-IIATYHHOT TPYIH, MPO-
BEJICHUI aHalli3 sIKOT MOKa3aB iX HU3bKY TEXHIUHY
e(eKTHBHICTb, 10 MOSICHIOETHCA 1X KOHCTPYKTHB-
HOIO HEJJOCKOHATiCTIO. Koni mopiieHs 3HaxX0AuTh-
Csl y BEPXHBOMY IIOJIOKEHHI B MOMEHT 3aliMaHHs
TOPIOYOi CyMillli B WTIH/IPi, BUHUKAE MaKCUMAITb-
Huil Tuck. Lle 3a0e3neuye MakCUManbHy PYLIIHHY
CHIIy 3 MiHIMAIBHAM KyTOM KpUBOIIHIA. Takox
301IBLIYETBCS TEPTS MOPUIHA 00 CTIHKY LMITIHApPA,
3HOC CTiHKM IWIIHJpPA, JOJAaTKOBUH MiCIIeBUI
HarpiB MOBEpPXHI MWIIHApPa 1 TepeBaHTAKEHHS
KOJIIHYacTOro Bayia. TakuM YHHOM, BiJIOYBa€ThCs
3MEHIIEHHS] KOPUCHOI MOTYXHOCTI B PE3yJbTaTi
3TOPSIHHS NAJIUBA B JBUTYHI.
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Jnst migBUIeHHsT e(eKTUBHOCTI KPUBOLIUITHO-
MIATYHHOTO MEXaHi3My, IPOMOHYETHCS 3aCTOCYBa-
TH HOBY KOHCTPYKIIIO MeXaHI3My mepeaadi KpyT-
HOTO MOMEHTY B JBWTYHi, sKkuii Oyzme moOynoBa-
HHAW Ha OCHOBI MPOCTOPOBOTO IMapHipa. Y poOoTi
MPEICTABICHO IOCTIKCHHSI CHJIOBHUX Ta KiHEMa-
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TUYHUX I[1apaMeTpiB MPOCTOPOBOTO INAPHipa JIBH-
I'yHa BHYTPIITHBOTO 3rOPSIHHSL.

KuaiouoBi cjioBa: IBUTYH, KOJIHYACTHH Ball,
MIPOCTOPOBHI IIAPHIpP, TMONITPOITHUN IOKA3HUK,
MOJEIOBAHHS.
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