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All idealized cycles presented suppose an instantaneous opening
and closure of the valves, thus an Infinite acceleration
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* Desired max liftis | = 5mm

« AB= 20 ° with ABe=5° (max duration
available)

- w=3000 RPM
=>y = 64 800 m/s?.

Today’s actuator cannot produce such a
high acceleration (Y =3 000 m/s?)

Comparison : a traditional camshaft for
v N=7000 RPM produces :

y =10 000 m/s?
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Single Cylinder

Cylinder volume around 400 cm3

5 valves including one Charging valve

Charging valve diameter is around 15 mm
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Pneumatic PUMP Mode

Air Tank Pressure : 5 bar
Engine speed : 1500 RPM

Valve acceleration : 3 000 m/s?

For each mode, the opening and closure timings of the charging valve
have been optimized.

CRITERION : Maximize the air sent to the tank.

~

4-Stroke 4-Stroke 2-Stroke full
Exhaust Off variable (*)
Inlet Open -10° 710° 35°
Inlet Close 190° 190° 190°
Charging Open 310° 310° 310°
Charging Close 360° 360° 360°
Exhaust Open 530° X X

09101 1200 Exhaust Close 10° X X
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Pneuma’gic Pump Mode

W x10° | | = ‘ | PESLEEEES L PO A
| | ! — 4 stoke pump -Exhaust off | | ——2-stroke Pump
4 S L |——4stoke pump | | 7 Inlet Open - LA/ U r Inlet Open L]
| Inlet Open o Inlet Close ! + Inlet Close

fffffff if -4 ¢ ?L?rgc;;ilr?;zpen — 6 Charging Open 6 cc/ I\ :7 - Charging Open ]
O AR R W N Charging close | -{ '@ 5 E ] e R A i r- - Changmg Close] _

% | Exhaust open % 0 : :
‘g fffffff E- Exhaust close | — ‘g 4 2 dro\ N0 T T N
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D _ 2 2F-———-———--\-—-—"-—"-—"-—-—-- oS- - —: ——————— —
1 1 ,,,,,,,,,,,,,,,,, : _— —

s 0 s % 2 3

Volume [ms] x10™ Volume [m3] x 10 Volume [m3] x 10
4 Stroke Pump 4 gtfke tpg?p 2 Stroke Full Variable
xnaus
4-stroke 4-stroke 2-stroke
Exhaust full
Off variable
] Indicated Work 731 741 62.9
J
SPC (J )_ Wi (m) (J/cycle)
/L (L) Pumped Air mass 0.275 0.275 0.280
air.tan k \cycle (glcycle)
S.P.C. (J/g) 265.9 269.6 224.6
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>V Impact of the Valve-train sophistication on the

* IPRISME performance of the pneumatic PUMP mode
v
0.35

: : —+—4 Stroke Pump - 1000m/s?
03 L . —8— 4 Stroke Pump - 3000 m/s?|.
f —&— 4 Stroke Pump - 5000 m/s?

***************************************************
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N < 1000 RPM => No significant effect

o N > 1000 RPM => Serious impact of the acceleration on performance
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s PRISME Pneumatic MOTOR Mode

Air Tank Pressure : 10 bar
Engine speed : 1500 RPM

Valve acceleration : 3 000 m/s?

For each mode, the opening and closure timings of the charging valve
have been optimized.

CRITERION : Maximize the Pneumatic Motor Efficiency

Wil >
el )
air.tank \gyce

4-stroke 4-stroke Inlet 2-stroke full
Off variable
Inlet Open -10° X X
Inlet Close 190° X X
Charging Open 320° 345° -15°
Charging Close 440° 410° 50°

Exhaust Open 530° 530° 160°

09101/20 Exhaust Close 10° 10° -60°




v

v

Pressure [Pa]

L 4

09/01/200

0‘—’

Institut Pluridisciplinaire de Recherche
Ingénierie des Systémes, Méconique, Energélique

12

=y
o

[oe]

PRISME

Pneumatic MOTOR Mode

x10° ‘ ‘ ‘ 10X 10 10X 10
: : — 4-Strokes Motor : ____ 4-Strokes Pneumatic motor 1 — 2-Strokes Pneumatic Motor
: : Inlet Open | Inlet Off | Charging Open
N " "] + InletClose Y A R U Charging Open Y A Lo A Charging Close
| Charging Open A Charging Close Exhaust Open
77777777777 | A Charging Close | Exhaust Open
! Exhaust Open & gl ___.XxC_ Exhaust Close A R R JAcc T R |
,,,,,,,,,,,,,,,,, o_ExhaustClose | | ' | ° | |
7 I AR N B N
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | | | N
77777777 ﬂi””””” o ®P 2*””(5(5*ﬂ:”””””"* "i""”E’o S~ - - O
I0 EC w \ l l ‘ - 5
" | | I G EC & : : :
1 2 3 s 9% 1 2 3 4 4
Volume [m3] x10™ Volume [m3] x10™ Volume [m3] x10™
4-stroke 4-stroke 2-stroke full
Inlet Off variable
Indicated Work 74.6 94.80 76.26
(J/cycle)
Wil ) Consumed Air 0.983 0.767 0.547
_ Y/
PME(“‘)— mass (g/cycle)
’ ma'r tank (g )
" cycle P.M.E. 75.9 123.4 139.3
(J/9)




* v Impact of the Valve-train sophistication on the

"JPRISME performance of the pneumatic MOTOR mode
v
140

| —+— 4 Stk. Pneu. Mot. In. Off-1000 m/s?
120" . —— 4Stk. Pneu. Mot. In. Off-3000 m/s?
‘ —a— 4 Stk. Pneu. Mot. In. Off-5000 m/s?2
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% Important loss of Indicated Work for any value of acceleration, as soon as N =
1500 RPM

=> Pneumatic motor should be used to start and drive the vehicle at
el Jow speed.
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1. The valve train acceleration is the key to best performance for

pneumatic cycles, especially for the pump mode. For higher
maximum valve accelerations, the range where pneumatic modes
can be used with high efficiency is extended.

2. In the case of 4-Stroke modes (motor and pump), it has been
showed, that a benefit exists in using a disengagable inlet camshaft.
Conversely, no benefit has been founded with a disengagable
Exhaust camshaft

3. Inthe case of 2-Stroke fully variable modes, simulations have shown
a slight benefit of using them. But the technical complications and
the cost generated leave the question of the viability of these
solutions open.
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