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Development of a Novel Pneumatic Hybrid
Engine
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Abstract—Although electrical motors are still the main desc
used in vehicular exhaust comprises more than @&epteof the air
pollution in Taiwan's largest city, Taipei. On aage, all commuters in
Taipei travel 13.6 km daily, while motorcycle comtens travel 12.2
km. The convenience and mobility of motorcycles esmkhem
irreplaceable in Taiwan city traffic but they addrsficantly to air
pollution problems. In order to improve air poltuti conditions, some
new types of vehicles have been proposed, suakeasdll driven and
hybrid energy vehicles. In this study, we develapadel pneumatic
hybrid motorcycle system and simulate its accelemaand mileage
(km/L) performance. The results show that the pragiomhybrid
motorcycle can improve efficiency.

Keywords—vehicular, exhaust, air pollution, pneumatic, hglbri
motorcycle.

|. INTRODUCTION

Taiwan’s heavy traffic volume and high concentratiain
industry makes air pollution one of the most alaugni
problems in the country. The Environmental Protecti
Administration (EPA) reported in 2007 that thereravabout
2-3 registered factories and more than 450 motbicles for
every square kilometer in the Taiwan area. Accaydim the
EPA, vehicular exhaust comprises more than 95 peafethe
air pollution in Taipei, Taiwan's largest city [1Jn average, all
commuters travel 13.6 km daily in Taipei City, vehil
motorcycle riders need only travel 12.2 km. Thiedénce in
trip distance increases the dependence on the cyoter[2].
The main source of air pollution in Taiwan’s citisgthe waste
gas exhaust from scooters, especially the largebeunof
two-stroke engine scooters [3].

One possible way to reduce air pollution is to meee of the
hybrid electric vehicles now available in the caarket.
Automakers are aiming to develop zero-pollution ieeg
(green energy) in future. There are many new tygpeghicles
under development, including fuel cell [4-5] andhig energy
driven vehicles. Hybrid energy includes the intéomambustion
engine (ICE) and electrical or pneumatic motors.other
option is the Pneumatic-Hybrid Electric Vehicle,igthuses a
two-stroke compressed air engine for starting, lacagon and
uphill climbs. The car switches to an electric nmotden its
speed reaches 20-25 km/h.
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Some researchers are also studying a possibledhsymstem
for motorcycles.

Huanget al. [6-8] has investigated other types of hybrid
pneumatic power vehicles and developed a pneumaiior
combined with an ICE. The hybrid concept is toizgilan
internal combustion engine connected to a compreésgopel
the vehicle and refill the air tank. Their mainfdiences from
hybrid gas—electricity engines are that an air c@asgor
replaces the generator, a pneumatic motor reptaeeslectric
motor, a high-pressure air tank replaces the hattard flow
work replaces the electrical energy. The exhaustfigan the
ICE can be merged with the compressed air to iserd¢he
pressure and temperature. Previous pneumatic syt@it]
have been designed to utilize an air motor and cistitn
engine in a hybrid series. The problem of this pmatic hybrid
are needed to mount extra device, such as air maior
compressor, on the motorcycle and these kinds efipatic
hybrid conceptions need large space for motorcgnte would
add the weight to affect the efficiency. In thisdst, we develop
a mathematical model of a pneumatic hybrid motdecynd
carry out a simulation through MATLAB®. Our pneurcat
motorcycle engine design uses the two cylindercsire shown
in Figure 1. One cylinder is the conventional ingdr
combustion cylinder and the other is an air-powergdhder.
The proposed pneumatic hybrid engine combines these
capabilities (air motor and internal combustionieayinto one
engine. It becomes more convenient because there ligrge
space required on the motorcycle. This new pnegnestgine
has advantages, such like the low cost of impleatiemt, the
expected lower mass added to the vehicle, highiebiiy and
long term durability. The design purpose is to datel the
drivability of this motorcycle. The motorcycle'srfmmance,
primarily related to the acceleration and speedieédo ride
safely in ordinary city traffic, is simulated. Ttravelling range
of the motorcycle can be mathematically modeledhierstand
the effects of changing parameters such as thardrcapacity,
as well as all other aspects of the motorcyclegiesi

Il. PNEUMATIC HYBRID ENGINE CONCEPT

Fig.1 shows a conceptual drawing of the pneumathrit
engine. There are two cylinders which are connettedne
camshaft to produce torque. One is a conventiomrnal
combustion cylinder (on the right side of the ergiand the
other is a pneumatic cylinder (on the left sidethd engine)
which has three valves. One of them, called thegihg valve,
is actuated electrically and connected to theaaik t
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This new pneumatic hybrid engine can be separatedwo
operation modes: pumping charging and motoring.

The pumping charge is a crucial operation of theupmatic
hybrid engine. As the motorcycle decelerates, dbd produces
torque on the wheels turning the powertrain unitlalfy
reaching the engine. The engine then acts as aressg to
pump air from the charging valve into the air tafike braking
torque as well as the mass of compressed air storde air
tank can be continuously adjusted by varying trerging and
exhausting timings of the charging valve.

As we know, internal combustion engines cannoebensed
to create chemical energy when yielding negativgue, such
as in braking situations. The energy is consumdtkascaused
by friction. However, the hybrid pneumatic enginekes
advantage of this negative torque when a motorégdieaking,
converting the kinetic energy into pressurizedigaise air tank.
Fig. 2 displays an idealized P-V diagram (TDC: Tbpad
Center, BDC: Bottom Dead Center).

At point 1 in the two-stroke cycle both the tanidaylinder
are at ambient temperature and pressure and tmeleylis at
bottom dead center. At point 2, the cylinder corapes slightly
and the charge valve is opened. At point 3, theoegature and
pressure reach equilibrium, because the tank isanpart of the
system, assuming the volume of the air tank is ntaugjer than
the volume of the cylinder. At point 4 the cylindmympresses
more and the charge valve is closed. At point B, dilinder
compresses to top dead center. Finally, at poitite6charge
valve is opened and the remaining compressed @irsised into
the air tank. The system then returns to its ihdiate only with
the air tank containing the compressed air. Fijustrates the
pressure in the tank with respect to the numbeoaipression
revolutions (Rev.) and various tank sizes.

The motoring operation mode is used to propel the
motorcycle forward starting from the engine in idlé the
engine is not completely stop, the motoring wilt nperate. In
this mode, the high pressure air pushes the pidawn to
produce output torque that is adequate to progefrtbtorcycle
and avoid the engine operating under low speeditions. The
size of the air tank is limited by the motorcyclsjgace. Since
the motoring operation mode requires rapid acceterathe
timing of the opening and closing of the chargirgve is
important, because it determines when to smoothikgls to the
combustion engine before the air runs out complet€he
pneumatic hybrid engine produces torque using pigissure
air to propel the motorcycle. If the capacity oé tair tank is
adequate for the motor, the opening timings of ¢charging
valve ensure that the mechanical energy can beectauvto the
crankshaft. The motoring cycle consists of threpstcylinder
charging, expansion and exhausting. The full cigctmmpleted
within one crankshaft revolution. Figddsplays a P-V diagram
of the pneumatic motoring cycle. The timing of ttiearging
valve means that it is open from points 1 to 3.

The pressure in the cylinder can be increased $phdirging
the air tank between points 1 and 2.

The pressure remains at a constant value fromaind 3

(assuming that the air tank is larger than thendgr).
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Fig.1 Conceptual drawing of the pneumatic hybridiee
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Fig. 2 P-V diagram of pneumatic pump operation
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TDC BDC \Y

Fig. 4P-V diagram for the pneumatic motoring cycle

The position at point 3 can be varied by choosirgtiming
of the charging valve closure. The expansion, fpmimts 3 to 4
with the charging valve closure, will produce toeqto the
crankshaft. The closing timings of the charginguealare
designed so that the torque value is significantigh to propel
the motorcycle. It is important to determine theqtee needed
for this purpose and what the closure timing shobtl
Eventually, the air will be expelled from the exkipipe (from
points 4 to 5).Motoring output torque calculati@ms described
below.

The torque can be described as

Torque (8) = % B°R,

[P.(8)En( 8)+ @)

sin (R, sin( 8
( kL (6)) M
where B= 0.054 m,R, =0.0272 m,L=0.144 m, Initial tank

pressure=23 bars. Initial tank temperature=300 K.

cos( & )tan(

[Il.  PNEUMATIC HYBRID MOTORCYCLE MODELING AND

SIMULATION RESULTS

Predicted motorcycle performance is important. Tésilts
of changes, such as the weight of the motorcyéfecting the
performance and range can be predicted throughlatiom
with different aspects, such as motoring power,r geio,
weight, and so on. Calculation of the tractive gffe the first
step in performance modeling. This force propellitiee
motorcycle forward is transmitted to the groundotlgh the
drive wheels. Fig. 5 shows the force acting on donegcle
moving along a slope.

The total tractive effort is the sum of all
forces[13],assuming no-slipping condition

Fte = Frr + Fad + ic + l:Ia + Fwa (2)

these

Fig. 5 Force acting on a motorcycle moving alorsiope

whereF,, is the rolling resistance forcE;q is the aerodynamic
drag;Fy is the uphill climbing forcef-, is the force required to
give linear acceleratioff,, is the force required to give angular
acceleration to the rotating engine.

In order to simulate the pneumatic hybrid engineisit
necessary to map the brake specific fuel consumgB&SFC),
as a measure of fuel efficiency within a shaft peatating
engine of the ICE. The results of BSFC allow foredt
comparison of the fuel efficiency of different nemcating
engines. A contour plot of the efficiency of anstixig 125 c.c.
four-stroke gasoline engine (shown in Fig. 6) issidered in
this study [7], where units are in grams of petpsr
kilowatt-hour (g/kWh). As shown, at the optimal ogton
point, the output power is 3.8 kW, the output tards 9.5 Nm
and the brake specific fuel consumption is 278 dikat/ 4000
rom. The system is kept operating at its optimifedl
transformation efficiency. The thick red line ingbire 10
indicates the engine torque at full-throttle, whichn be
described by a polynomial for the purpose of siithoia
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Fig. 6 Brake specific fuel consumption (grams afpleper
kilowatt-hour, g/kWh) for a 125 cc four-stroke engi

The driving cycle is indicated by vehicle speedsusrtime
graph that must be followed by the driver. Thiomfiation can
allow us to simulate the pneumatic hybrid enginel @0
determine whether or not this hybrid engine iscédfit and has
the ability to drive on the road. UDDC driving cgsl is
simulated during the model testing:
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UDDC: The Urban Dynamometer Driving Cycle (UDDG) i
normally used for light-duty vehicles. This is aimmérican
driving cycle standard used to simulate city dmyim the
United State. The original UDDC speed unit for sianulations
is a mile per hour, but this is too fast for a rmoyale.
Therefore, we downscale the speed unit to km/miotorcycle
simulations. The down-rated UDDC (DUDDC) is showitig.
7.Figs. 7-8 show the results for the pneumatic idybngine.
The air pressure in the tank starts the cycle ab&@ and
finishes the cycle at 20 bars. This result ensuhed the
motorcycle can track the driving cycle without largrrors. The
results prove that the driving cycle can be folldweccessfully.
The fuel consumption is shown in Table I. It is @ws that the
pneumatic hybrid engine lowers fuel consumptionhwibth

normal and heavy drivers. The hybrid engine cankwo

successfully to save up to 33% of fuel consumption.

[=in]

Down-rated UDDC
Matarcycle driving

{1

.
600 800 1000 1200 1400
Tirne(s)

Fig. 7 Pneumatic hybrid engine driving results vdtwn-rated
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TABLE |
NORMAL DRIVING DRIVING CYCLESRESULT
Mileage of Mileage of Fuel
ICE Hybrid Improvement
DUDDC 45 km/L 60 km/L 33%

IV. CONCLUSIONS

A novel engine design for a pneumatic hybrid motole is
presented. Compared with previous pneumatic hydémigines
our design does not need extra air motors, comprgssixing
chambers and so on.
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The technological features of this system are as follows:

® The pneumatic hybrid engine has two operation modes
pumping and motoring. Previous designs have seghtaese
two operation modes into charging with compressorg air
motors but we combine these two operation modestheg, so
it was not necessary to mount extra devices omitercycle.

® No extra space is needed on this pneumatic hybrid
motorcycle to add the extra devices. In futureyiletest more
city driving cycles to confirm this hybrid motordgts
drivability in the city.
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