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FREE-PISTON ENGINE-AND-HYDRAULIC PUMP
FOR RAILWAY VEHICLES

Purpose. The development of the free-piston diesel engine-and-hydraulic pump for the continuously variable
hydrostatical transmission of mobile power vehicles. Methodology. For a long time engine builders have been in-
teresting in the problem of developing free piston engines, which have much bigger coefficient of efficiency
(40...80%). Such engines don’t have the conversion of reciprocating motion for inner combustion engine piston into
rotating motion of crankshaft, from which the engine torque is transferred to the power machine transmission. Free-
piston engines of inner combustion don’t have the crank mechanism (CM) that significantly reduces mechanical
losses for friction. Such engines can be used as compressors. Free-piston engine compressor (FPEC) — is a free-
piston machine in which energy received from engine’s cylinder is being transferred directly to compressor’s pistons
connected with operational pistons of engine without crank mechanism. Part of the pressed air is being consumed
for engine cylinder drain and the other part is going to the consumer. Findings. The use of free-piston engines-and-
hydraulic pumps as power-transmission plants of power vehicles (diesel locomotives, combine harvester, tractors,
cars and other mobile and stationary power installations) with the continuously variable transmissions allows cost
effectiveness improvement and metal consumption reduction of these vehicles, since the cost effectiveness of FPE is
higher by 25-30 %, and the metal consumption is lower by 40-50 %. Originality. One of the important advantages
of the free-piston engines is their simplicity and engine balance. As a result of the crank mechanism absence their
construction is much simplified and the vibrations, peculiar to the ordinary engines are eliminated. In such installa-
tion the engine pistons are directly connected through the rod to compressor pistons and therefore there are no losses
in the bearing bushes. Practical value. The free-piston engines are now used only as gas generators and diesel com-
pressors, and the hydraulic transmission is arranged with the ordinary heat-engine, which operates the hydraulic
pumps.

Keywords: free-piston engines; engine-and-hydraulic pump; hydrostatical transmission; crank mechanism; free-
piston diesel hydraulic pump; engine-and-gas generator; hydraulic cylinder; hydraulic accumulator; power vehicles

with diesel engines, used in different sectors of
Introduction national economy increases each year. Diesel en-
gines have higher technical and economic parame-
ters as compared to the gasoline and gas-turbine
engines. However, the improvement of technical
and economic parameters and design of these en-
gines is still an urgent issue.
Efficiency coefficient (EC) of the modern ICE

As a result of fuel price increase and the envi-
ronmental situation deterioration one should pay
special attention to the improvement of technical
and economic, as well as dynamic and ecological
characteristics of the inner combustion engines
(ICE). In Ukraine the number of power vehicles
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is relatively low: gasoline engines (0.25...0.32);
diesel engines (0.33...0.42); gas engines
(0.23...0.28). That’s why development of the new
heat engines design with better indicator and effi-
ciency parameters is a crucial task. These basic
parameters of ICE can be significantly increased
by the reduction of mechanical losses. The main
part of the losses are the friction losses (65...80 %)

[1].

Analysis of schemes and designs of free-piston
engines

For a long time engine builders have been in-
teresting in the problem of developing free piston
engines, which have much bigger coefficient of
efficiency (40...80 %) [6]. Such engines don’t
have the conversion of reciprocating motion for
inner combustion engine piston into rotating mo-
tion of crankshaft, from which the engine torque is
transferred to the power machine transmission.
Free-piston engines of inner combustion don’t
have the crank mechanism (CM) that significantly
reduces mechanical losses for friction. Such en-
gines can be used as compressors.

Free-piston engine-compressor is shown on
Figure 1.

Fig.1. Free-piston engine-compressor:
[1® — air filter; KI — first stage of compressor;
KII — second stage of compressor; [IP — scavenging
receiver; [TH — scavenging pump; X I ta X II — fridges

Free-piston engine compressor (FPEC) — is a
free-piston machine in which energy received from
engine’s cylinder is being transferred directly to
compressor’s pistons connected with operational
pistons of engine without crank mechanism. Part of
the pressed air is being consumed for engine cylin-
der drain and the other part is going to the con-
sumer.

FPEC have small size and weight, easy and re-
liable start and are absolutely balanced (no need in
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understructure). Expenses on 1 m’ of produced
pressed air (or gas) in FPEC are in 1.5-2 times
lower than expenses of powered compressors with
equal productivity.

Actuating motor — is a gas-diesel with com-
pression ignition. Material consumption of FPEC
is in 3.8-6.5 times less than that of stationary elec-
trically driven compressors and mobile compres-
sors with an internal combustion engine [4].

Constructional diagram of free-piston engine-
and-gas generator is shown on Figure 2.
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Fig.2. Free-piston engine-and-gas generator:
ITP — scavenging receiver; [TH — scavenging pump;
I'T — gas turbine; b — buffer cylinder;

—=m —fuel; — air; — air + gases.

Cylinder of the two-stroke diesel engine with
uniflow scavenging is located in the center of the
generator; the scavenging port is placed symmetri-
cally relative to the center of diesel sleeve, where
the liquid-propellant injector is placed. On both
sides the diesel sleeve is directly connected to the
piston compressor cylinders, provided by the suck-
ing, air delivery and starting valves. One line of the
scavenging ports through the space surrounding the
diesel cylinder is connected to the air delivery
valve and another line is connected to the pipeline,
leading to the receiver and then to the gas turbine.
The pistons of generator are double-staged: diesel
pistons have smaller diameter and compressor ones
have bigger diameter.

The generator’s start-up is performed by means
of the pressed air from outer source (pressure ves-
sel, reservoir etc.). Pressed air throw the starting
valves enters to external spaces of compressor cyl-
inders and moves pistons to center of the engine,
compressing the air firstly in the internal compres-
sor spaces and then, when the diesel pistons shuts
the scavenging ports, in the engine cylinder. At the
end of motion the air pressed in compressors
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through the air delivery valves fill the diesel cylin-
der. In the center of the diesel pressing is contin-
ued, i.e. of air pressure and temperature is increas-
ing. When the temperature of the air exceeds the
temperature of the fuel self-ignition, the fuel is in-
jected through the nozzle. The fuel ignites and
burns, the pressure rapidly increases and the power
stroke starts. Mix of air and fuel combustion prod-
ucts is expanded and makes the pistons move to
the different sides. Exhaustion appears in the inner
compressor spaces, as result inlet valves are
opened and the atmosphere air enters into the com-
pressor. In the external compressor spaces the
starting air compression takes place, i.e. air buffers
are created. When the diesel pistons open the scav-
enging ports, combustion products are directed to
the receiver and then to the gas turbine blades. Pis-
tons are stopped by the compressed air pressure
that makes them start backward running, restarting
the operating stroke [3].

The free-piston inner combustion engine
(FPICE) with hydraulic power transmission is
shown on the Figure 3.

Fig.3. Free-piston inner combustion engine (FPICE)
with hydraulic power transmission:

BITAT'H — free-piston diesel hydraulic pump; P — dis-
tributor; I'A — hydraulic accumulator; b — tank of power
fluid; H — pump; ® — filter; 3K — stop valve; PK — air
reducing valve; 3K1 — safety-valve; I'M — hydraulic
motor

The free-piston inner combustion engine
(FPICE) with hydraulic power transmission has
working cylinder 2 with inlet 4 and exhaust valves
13, nozzles 3, operating pistons 1 with the stocks 5,
connected with buffer piston 6. The second buffer
piston 9 moves in the buffer cylinder 8 and is con-
nected with the piston of hydraulic pump 11
through the stock 10.

Free-piston diesel hydraulic pump has a sys-
tem of hydraulic valves 12 and pipelines 14, con-

necting with the main and secondary devices of the
vehicle hydrostatic transmission (disturber; hy-
draulic accumulator; tank of power fluid; pump;
filter; stop valve; air reducing valve; safety-valve;
hydraulic motors). The pressure of the power fluid
from hydraulic pump pistons 11 through the valves
12 is transferred to the motors of hydrostatical
transmission of mobile power vehicle.

Development of free-piston inner combustion engine
for hydraulic power transmission

Free-piston inner combustion engines with hy-
draulic power transmission have simplified con-
struction; they are small due to refusing from crank
mechanism, but they require the complex system
of pistons movement synchronization. This disad-
vantage causes the absence of operating construc-
tions of such engines with hydraulic power trans-
mission.

Figure 4 shows a schematic diagram of the
free-piston internal combustion engine (FPICE)
with the starter [2, 9]. The free-piston inner com-
bustion engine with the hydraulic starter has 4
cylinders 1, with inlet and exhaust valves, nozzles
3, and operational pistons 4 with stocks 5 and
plungers 6, inlet and exhaust hydraulic valves 7,
cylinders of starting system synchronization 8§, 9,
pipelines 13.

The starting mechanism of free-piston inner
combustion engine consist of starter 19 with elastic
clutch 18, clutch 20, connection lever of the clutch
17 with drive gear 16, crankshaft 15, gas distribu-
tor shaft gear of the FPICE systems and mecha-
nisms, pistons 12, plungers 11 and shell cases 10.

The starting mechanism of the free-piston inner
combustion engine operates as follows. At start of
FPICE the starter 19 turns on, so the rotational
moment through the elastic clutch 18 and the
clutch 20 is transferred to the gear 16 that puts in
the motion the crank-shaft 15. The crank mecha-
nism of the FPICE starter sets the reciprocating
motion to shell cases 10 plungers 11. Oil pipelines
21 are connected to the shell cases 10 of starting
mechanism. By means of oil pipelines the power
fluid pressure through the windows 22 is trans-
ferred to the cylinders 9, 8. In these cylinders 8, 9
the pressure is changed synchronous that provides
work of the free-piston ICE.

The operating pistons 4 work synchronous due to
hydraulic connection 23. Work of FPICE is similar
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to the work of four-stroke combustion engine with
corresponding mechanisms and systems.

>
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Fig.4. Free-piston inner combustion engine with hydrau-
lic starter [2, 9]: 1 — cylinders; 2 — inlet and exhaust
valves; 3 — nozzles; 4 — working pistons; 5 — stocks;

6 — plungers; 7 — exhaust and inlet hydraulic valves;
8, 9 — cylinders of starting system synchronization;
10 — shell cases; 11— plungers; 12 — pistons;

13 — pipelines; 14 — gas distributor shaft gear of the
FPICE systems and mechanisms; 15 — crankshaft of the
starter; 16 — drive gear; 17 — connection lever of the
clutch; 18 — elastic clutch; 19 — starter; 20 — clutch;
21 — oil pipelines; 22 — windows of piston synchroniza-
tion system; 23 — hydraulic connection;

24 — pump piston; A, b — capacity of gas drive-gear

The engine consists of four cylinders — I, II, III,
and IV, in which the operating pistons 4 with pis-
ton rings and stocks 5 perform the reciprocating
motion.

Plungers 6 of the hydraulic synchronization
mechanism, installed in double-acting cylinders are
fastened on the stocks.

Lower space of synchronization mechanism is
connected with similar space of pair-connected
cylinders (I with II and IV with III) by means of
the oil pipeline 21.

Top space of the hydraulic cylinder synchroniza-
tion mechanism is connected with the plunger 11
shell case 10 of crank mechanism 15 of the distrib-
uting shaft, ventilator and other auxiliary systems
through the ring space between synchronization
cylinder shell case and the lower pump body, and
then through the starting oil pipeline

Gas piston 4 during operation of engine hydrau-
lic pump makes reciprocating motion in the cylin-
der 1 and by means of stock 5 is connected with
plunger 6 of synchronization system.

A-volume is located in cylinder between operat-
ing piston 4 and the piston 24. It creates the inter-
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piston space of gas shaft and is used for force
transfer from piston 1 to gas piston 24. The lower
part of piston 24 is used as hydraulic pump, which
through the valves 7 forces the power fluid into the
hydrostatical transmission of power vehicle. Stroke
of gas-oil piston 24 depends on pressure of the
power fluid forcing.

B-volume under the gas piston is used for return-
ing of the gas-oil piston 24 in initial position. Dur-
ing this operation, the volume vacated by the pump
piston is filled by the power fluid, which comes
from the hydraulic transmission line throw the inlet
valves 7.

During the lowering piston movement 24 the
volume of power fluid through the air delivery
valves 7 gets into the high-pressure line 13 of hy-
draulic system transmission and moves to hydrau-
lic motors of the locomotive.

The use of the free-piston engines-hydraulic
pumps as the power-transmission plants of power
vehicles (diesel locomotives, combine harvester,
tractors, automobiles and other mobile and station-
ary power installations) with the continuously vari-
able transmissions allows cost effectiveness im-
provement and reduction in metal consumption of
these vehicles, since the FPE cost effectiveness is
higher by 25-30%, and metal consumption is lower
by 40-50% in comparison with those of the modern
diesels. Free-piston combustion engine developed
by the authors can be used for hydrostatic power
transfer for power vehicles on railway transport.
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CBOBOJHOMOPIIHEBOM IBUTATEJIb-IT'IJIPOHACOC
JJIA AKEJIESHOJOPOKXHOI'O TPAHCIIOPTA

Heas. PazpaboraTs CBOOOTHOMOPIIHEBON AW3EIBHBIN JABUTATEIb-THIPOHACOC IIsI OECCTYNEHYaTON THAPOCTa-
THYECKON TPAaHCMHUCCHH MOOMIILHOTO SHEPTETHYECKOTO cpencTBa. MeToauka. J[BurarenectpouTeneil JaBHO UHTe-
pecyeT mpobiemMa co3[aHUs CBOOOJHOIIOPIIHEBBIX ABHTATEleH, KOTOphIE MMEIOT 3HaunMTenbHO Oompmmumii KII/]
(40...80 %). B Takux aBuraTensx HeT MPEBPALICHUs BO3BPATHO-NOCTYyNAaTeNbHOroO NBrkeHus nopuHs JIBC Bo Bpa-
AaTeJbHOC ABUKXCHHUC KOJICHYATOI'0 Bajla, OT KOTOPOI'O prTﬂU_ll/Iﬁ MOMCHT ABUTATEJIA NMEPEAACTCA TPAHCMHUCCHUU
3HepFeTH‘ieCKOI>II MallluHBI. CBO60I[HOHOpIJ_IHeBl)Ie JABUIaTCJIM BHYTPCHHCTO CropaHvsd HE HMMCEIOT KPUBOUIMIIHO-
matyHHoro mexanusma (KIIM), uto cyniecTBeHHO yMEHbIIaeT MEXaHW4YeCKHe IOTepH Ha TpeHue. Takue nBurare-
JIU UCTIOJIB3YIOTCS B KauecTBe KoMmpeccopoB. CBoboaHOTIOpIIHEBOH nBuraTenb-kommpeccop (CIIJIK) — ceobomHO-
MOpIIHEBAsl MalllMHA, B KOTOPOM OSHEprusi, mojydaemasi B IWIMHJAPE JBUTATENs, HENOCPEACTBEHHO OTIACTCS
MOPIIHSAM KOMIIPECCOPa, CBSI3aHHBIM C Pa0OYMMH ITOPITHAMH IBUTATENS 0€3 KPUBOIINITHO-IIATYHHOTO MEXaHHU3Ma.
YacTe CkaToOro BO3AyXa pacXoAyeTcs Ha MPOAYBKY IFUTHHIIPA, a IPpyTas OONbIIas 4acTh CXKaTOTO BO3yXa ITOCTYIIa-
eT K moTtpedburemo. Pe3yabTarhl. Vcmonb30Banne cBOOOTHOMIOPITHEBBIX JBHATATENECH THAPOHACOCOB B KAYECTBE
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CHJIOBBIX arperaroB SHEPreTHYECKUX CPEACTB (TEIIOBO30B, KOMOAWHOB, TPaKTOPOB, aBTOMOOWIICH M OPYrux Mo-
OMJIBHBIX ¥ CTallMOHAPHBIX YHEPrOYCTAHOBOK) C OECCTyNeHYaTol mepefayell Mo3BOISAET MOBBICUTH 3KOHOMUYHOCTb
Y CHU3UTh METAJUIOEMKOCTb 3TUX CPEACTB, TaK 4TO S9KOHOMHYHOCTH KIIJ sBnsercs BeICIIel, 4eM 3KOHOMHUYHOCTb
COBpEMEHHBIX au3ener Ha 25-30 %, a metamtoeMkocTh — Hike Ha 40-50%. Hayunas HoBu3Ha. OTHUM U3 BaXKHBIX
MMpEeuMyieCTB CBO60]1HOHOpLHHeB]:lX }IBMFaTeHeﬁ ABJIACTCA UX MPOCTOTA U MMOJIHAA YPABHOBCHICHHOCTD. BCJ'IG[[CTBI/IG
OTCYTCTBHS KPUBOIIMITHO-IIATYHHOT'O MEXaHMW3Ma 3HAYUTCIBHO YHNPOIIACTCA MX KOHCTPYKIUA U JIUMKBUIAUPYHOTCA
BUOpaLuy, MPUCYIIME OOBIYHBIM JBUTATENIsIM. B Takoi ycTaHOBKE MOPIIHU ABHUTATENs] HEIIOCPEICTBEHHO COEIUHE-
HBI Yepe3 IITOK C HMOPLIHAMHM KOMIIpeccopa, ¥ IO3TOMY IOTEPH B MOJMIMITHHKAaX OTCYTCTBYIOT. IIpakTnyeckas
3HAYUMOCTBh. CBOOOJIHOIIOPIIHEBHIE JIBUTATEIH ITOKA HCIOJB3YIOTCS TOJBKO KaK I'€HEpaTophbl ra3oB W AM3ENb-
KOMIIPECCOPBI, & THAPOOOBEMHAs Iepeaya CerofHsl KOMIIOHYETCsl ¢ OOBIYHBIM TEIUIOBBIM JIBHTaTelieM, KOTOPBIH
NPUBOJUT B JIBH)KCHUE THAPOHACOCHL.

Kniouegvie cnosa: cBOOOJHOTIOPIIHEBBIE BUTATEINH; JBUTATEIb-THAPOHACOC; THIPOCTATHYECKasl TPAHCMHUCCHS;
KPHBOIIUITHO-IIIATYHHBIA MEXaHN3M; CBOOOIHOIIOPIIHEBOM TU3eIb-THIPOHACOC; ABUraTelIb-reHepaTop rasa; rHIpo-
UJIMHIP; THAPOAKKYMYJISTOP; SHEPreTHYECKHE CPEACTBA
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BLIJIbHONOPIIHEBUI IBUT'YH-TTIPOHACOC
JJIA BAJIIBHUYHOI'O TPAHCIIOPTY

Meta. Po3poOWTH BiUIbHONOPIIHEBUH JAW3ENBHUNA ABHUIYH-TIJPOHACOC Ui OE3CTYNEHEBOi TIiIpoCcTaTH4HOL
TpaHCcMicii MOOUTFHOTO eHepreTHyHoro 3aco0y. Meroauka. J[BUryHOOY/IBHUKIB JIaBHO LIKaBUThH IPOOJeMa CTBO-
PEHHS BUIPHONOPIIHEBUX ABUIYHIB, sIKi MatoTh 3HauHO Ounbmuii KK/ (40...80 %). Y Takux ABUTYHIB HEMae Tepe-
TBOPEHHS 3BOPOTHO-NIOCTYNAIBHOTO pyxy nopiss /IB3 B 00epToBHiA pyX KOJIIHYACTOIO BaJla, BiJl SIKOTO KPYTSAILIUN
MOMEHT JBHTYHA TEPENAEThCA IO TPAHCMICII €HepreTHYHOi MAaIlWHU. BiTbHOMOPINHEBI OBUTYHH BHYTPIIIHBOTO
3TOPSTHHS HE MAIOTh KPUBOIIUITHO-MATYHHOTO MexaHi3My (KIIIM), mo cyTTeBO 3MEHIIye MEXaHidHi BTpaTH Ha Tep-
T4. Taki ABUTYHH BHKOPHCTOBYIOTHCS B SIKOCTI KOMIIpecopiB. BimpHOmopmHeBmit asuryH-kommpecop (BILJIK) —
BITFHOIIOPIIHEBA MAIIMHA, B SIKifl €HEepris, 0 OTPUMYETHCSA B IMUIIHAP] ABUTYHA, OE3MOCEPEaHbO BiAJA€THCS TO-
PIIHSM KOMIIpECOpa, OB’ A3aHUM i3 pOOOYMMH MOPIIHAMH ABHI'YHA 0€3 KPUBOIINITHO-IIATYHHOTO MexaHi3My. Yac-
THUHA CTUCHEHOTO ITOBITPSI BUTPAYa€ThCsl HAa MPOJAYBAaHHs LWIIHIpA JBUTYHA, a iHIIA OlIbIIA YaCTUHA CTUCHEHOTO
MOBITPsl MOCTYMAE A0 croxuBaya. Pe3yabTaTn. BukoprucranHs BUILHOIIOPIIHEBHUX JIBUTYHIB TiIPOHACOCIB Y SKOCTI
CHJIOBUX arperariB eHepreTHYHuX 3aco0iB (TEmIOBO3iB, KOMOAHIB, TPAKTOPIB, aBTOMOOLIIB Ta iHIINX MOOUIBHHX 1
CTalllOHApHUX EHEPrOyCTaHOBOK) 3 OE3CTYNEHEBUMH IIepeiauaMy JI03BOJISIE TTIBUIUTH €KOHOMIYHICTD Ta 3HU3UTH
METAJIOEMHICTh [UX 3ac00iB TOMY, M0 eKOHOMIuHICTh BIIJ] € BHINOI0 €KOHOMIYHOCTI CyYaCHHX AHM3EIIB Ha
25-30 %, a metanoeMHicTh — HIXUOI0 Ha 40-50 %. HaykoBa HoBu3Ha. OHI€I0 3 BXIMBUX IlepeBar BUILHOIIOPIII-
HEBUX IBHUTYHIB € iX MPOCTOTA i MOBHA BPIBHOBAXKEHICTh. BHACITOK BiICYTHOCTI KPHBOIIHMITHO-IIIATYHHOTO MEXaHi-
3My 3HAYHO CIPOIIYETHCS iX KOHCTPYKINS 1 JIIKBIMYIOThCs BiOparii, BIaCTHBI 3BUYalfHUM ABUTYHaM. Y Takiil ycra-
HOBIIi TIOPIITHI ABUTYHA O€3MOCepeaHbO 3’ €IHAHI Yepe3 MITOK i3 MOPIIHSIMH KOMIIpecopa, i ToMy BTpaTH Y ITiJIINTI-
HuKax BifcyTHi. [IpakTH4Ha 3HAYMMIicTh. BiTbHONOPIIHEB] IBUTYHHM NOKH IIO BUKOPHUCTOBYIOTBCS TIIBKU SIK Te-
HEpaTOPH ra3iB Ta AU3eIb-KOMIIPECOPH, a TiApo00’eMHa Iepeaada CbOT0IHI KOMIIOHYETHCS 31 3BUIaHHUM TEIUIOBUM
JOBHUT'YHOM, SIKUH IPUBOJHUTH B PyX TiAPOHACOCH.

Kniouosi cnoea: BINbHONOPIIHEBI JBUI'YHH; JBUTYH-T1IPOHACOC; TiJPOCTaTUYHA TPAHCMICIsl; KPHBOIIUITHO-
HIATYHHUH MeXaHi3M; BUILHONOPIIHEBUI JU3eb-TIIPOHACOC; IBUTYH-TEHEPATOP Ta3y; TIAPOLMIIHID; TIAPOaAKyMy-
JIATOP; EHEPreTHYHI 3ac00u

© A. @. l'onoBuyk, K. B. IIpuxoasko, 2013



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HiponeTpoBcbKoro
HAI[IOHAJILHOT'O YHIBEPCHUTETY 3aIIi3HUYHOr0 Tpancnopty, 2013, Bum. 2 (44)

EJIEKTPUYHUIA TPAHCITOPT

REFERENCES

1. Abramchuk F.I., Hutarevych Yu.F., Dolhanov K.Ye., Tymchenko L.I. Avtomobilni dvyhuny [Automobile en-
gines]. Kyiv, Aristey Publ., 2004. 476p.

2. Golovchuk A.F. Vilnoporshneyi dvyhun vnutrishnoho zghoriannia (Free—piston engine of inner combustion)
Available at: http://golovchuk.com.ua/ua/inventions/vlnoporshnevij-dvigun-vnutrshnogo-zgoryannya.html (Ac-
cessed 18 March 2013).

3. Zhukov V.S. Gazoturbinnyye ustanovki so svobodno-porshnevymi generatorami gaza v energetike [Gas turbine
plants with the free—piston gas generators]. Moscow, Energetika Publ., 1971. 72 p.

4. Kompleksnoye resheniye problem energoeffektivnosti i ekologicheskoy bezopasnosti dvigateley (Complex solu-
tion of the power efficiency and environmental safety problems of the engines) Available at:
http://www.ekip.pro/21/dvig.shtml (Accessed 18 March 2013).

5. Igoshin V.I. Svobodnoporshnevoy gazogenerator [Free piston gas generator]. Patent RF, no. 2005141355/06,
2005.

6. Rotko A.N., Stukalov A.L., Belogurov A.I. Svobodnoporshnevoy generator gaza [Free—piston gas generator].
Patent RF no. 96104044/06, 1996.

7. Gorshkov A.A. Svobodnoporshnevoy dvigatel [Free piston engine]. Patent RF, no. 2008102344/06, 2008.

8. Yelagin A.L., Orlov P.P., Lunev R.K., Pogrebinskiy Z.B. Svobodnoporshnevoy dvigatel [Free piston engine].
Patent RF, no. 2000105530/06, 2000.

9. Golovchuk A.F. Vilnoporshnevyi dvyhun vnutrishnoho zghoriannia [Free—piston engine of inner combustion].
Patent UA, no. a 2011 05183, 2011.

10. Aichlmayr H.T. Design Considerations, Modeling, and Analysis of Micro-Homogeneous Charge Compression
Ignition Combustion Free-Piston Engines. PhD thesis]. Minnesota, University of Minnesota Publ., 2002. 224 p.

11. Tikkanen S. Lammila M., Herranen M., Vilenius M. First cycles of the dual hydraulic free piston engine. SAE
Paper, 2000, no. 10, pp. 1-2546.

12. Hibi A., Ito T. Fundamental test results of a hydraulic free piston internal combustion engine. Proceedings of the
Institution of Mechanical Engineers, Part D, Journal of automobile engineering, 2004, vol. 218, no. 10, pp. 1149-
1157.

13. Brunner H., Winger A., Feuser A., Dantlgraber J., Schiffer R. Thermohydraulische Freikolbenmaschine als
Priméraggregat fiir mobilhydraulische Antriebe. 4th Int. Fluid Power Conference “Intelligent Solutions by Fluid
Power”. Dresden, 2004, P. 12.

14. Uludogan A., Foster D.E., Reitz R.D. Modeling the effect of engine speed on the combustion process and emis-
sions in a DI Diesel engine. SAE Paper, 1996, no. 962056, pp. 93-102.

15. Peter van Blarigan. Advanced Internal Combustion Electrical Generator. Proc. 2002 U.S. DOE Hydrogen Pro-
gram Review. Livermore, 2002, 16 p.

Prof. V. O. Gabrinets, D. Sc. (Tech); Prof. V. G. Zarenbin D. Sc. (Tech) recommended this article to
be published

Hanitirmura mo peaxoserii 05.03.2013
[pwuitasara no apyky 04.04.2013

© A. @. l'onoBuyk, K. B. IIpuxoasko, 2013

55




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




