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For ascertaining the energy delivered or ab-
sorbed by a piston engine use is frequently made
of the so-called Indicator diagram. In this dia-
gram, an example of which is given In Fig. 1
of the accompanying drawing, the pressure P
which exists above the piston 1s plotted on the
vertical axis and the paths traversed by the pis-
ton on the horizontal axis. The points of reversal
of the piston movement are designated &' anhd
¢’. Fig. 1 may represent the indicator diagram
of for example a two-cycle internal-combustion
engine; in stch engine the gases In the cylinder
are pre-compressed during the movement of the
piston In one direction and the piston absorhs
energy (hack stroke), whereas during the move-
ment of the piston In the other direction the
gases take fire and the piston dellvers energy
(working stroke), The work performed by the
piston during the working stroke gbe is repre-
sented by the surface of the figure abee’a’. Dur-
ing the back stroke the piston expends an amount
of energy which 1is indicated by the surface
adec’q’; the useful! work performed 1s conse-
quently represented by the surface of the figure
abed. By taking the Indicator dilagram and meas-
uring the surface area abed it s therefore pos-
sible to determine the work performed per cycle
of the piston movement and by multiplication
Into the speed the so-called indicated enerey,
that is to say the delivered energy without de-
duction of friction losses or the like.

This method exhibits the drawback that tak-
Ing and measuring the diagram occuples a cer-
tain time so that immediate indication of the en-
ergy cannot be obtained.

The invention hes for its object to provide &
device for so determining the enerzy declivered
or absorbed by a plston engine that immediate in-
dication of the Indicated energy can be obtalned.

In the device according to the invention by
means of which this object is attained a measur-
Ing condenser is charged with the Interposition
of a resistance whose value 13 so controlled by
the output voltage of a device for converting
the pressure variations that occur above the pis-
ton Into electrical potential variations that the
charging current is at any one moment propor-
tional to the pressure prevalling in the eylinder
at that moment, the piston movement belng cou-
pled by mechanical means with means by which
the charging circuit is closed during short time
intervals whose relative time spacings correspond
to equal paths traversed by the piston and by
which the measuring condenser is discharged in
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the extreme positions of the piston further means 55

belng provided for indicating the difference be-
tween the maximum values of the voltages that
occur across the measuring condetiser during the
working stroke and the back stroke of the pis-
ton respectively.

In order that the inventlon may be clearly
understood and readily carried into effect it will
now be described more fully with reference to
the accompanying drawing.

For the purpose of determining the surface area
of the figure abcde in Fig, 1 which 1s the differ-
ence between the surface areas abec’a’ and
adee’a’, the latter two flgures may be divided
into a plurality (n) of equally wide vertical strips
(for example dfd’e’ and dee’d’ respectively hav-
Ing a width AS) of approximately trapezoidal
form. The surface area of such a strip, for ex-
ample the strip bfe’d’ or dee’c’, is consequently
equal to the product of the wildith AS intd the
helght P1 or P2 respectively In the centre of the
strip. 'The surface area of the figure abec’a’ 1s
the sum of the surface areas of the trapeziums
and is therefore equal to TP1AB. Bince the stroke
length a‘e’ of the piston and the number of
strips n 15 always the same,

alef
AS=—"—
n
is & constant amount. Thus TMmAS=AXPi, and
IP Indicates the surface area gbee’a” on a cer-
tain scale, that Is to say the energy dellvered by
a given engine during one working siroke of the
piston. Bimiflarly and on the same scale, TPa
represents the surface area adee’a’ and the en-
ergy absorbed during the back stroke of the piston
so that TP1—ZXPa Indicates the energy delivered
per piston eycle, :

Fie. 2 shows an example of the device accord-
ing to the invention. A cylinder | comprising a
plston 2 whose delivered energy has to be deter-
mined drives a shaft carrylng two contact discs
3 and 4 which will be described more fully here-
inafter and on which slide brushes 5 and 6 re-
gpectively, The cylinder | contains a device T
for converting pressure variations into variations
of an electric value, for example of a capacity,
sald device supplying, jointly with a device 8, an
output voltege which 1s proportional to the pres-
sure In the cylinder i. The device T may be con-
stituted, for example, by a condenser one elec-
trode of which Is shaped In the form of a dia-
phragm and is subjected on one side to the pres-
sure that prevalls in the cylinder. The device @
may be for example & high-frequency generator
supplylng & constant current through the con-
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denser and may contain a detector rectifying the
high-frequency wvoltage across the conhdenser 7.
This rectifled voltage is dependent on the im-
pedance of the condenser T; this impedance de-
pends on the capaclty of the condenser and this
capacity is inversely proportional to the spacing
of the electrodes and hence depends on the de-
flection of the diaphragm which s acted upon by
the pressure P in the cylinder so that this pres-
sure eventually determines the rectifled voltage
across the condenser 1. For the purpose of ob-
talning a satisfactory operation the output volt-
age of the device 8 must be proportional to the
pressure P,

The output voltage of the device 8 is supplied
to the control grid (0 of a discharge tube 9,
which in the case illustrated is a pentode., The
anode 18 of the tube 9 1s connected to one ter-
minal of a condenser || whose other terminal is
connected to the positive terminal of a source of
direct voltage earthed on the other side. for
example a battery 20. The condenser Il is
shunted by the anode-cathode circult of a gas-
discharge tube 3. The anode I8 of the tube 8
and the cathode of the tube {3 are intercon-
nected and, with the interposition of a con-
denser 22, connected to an earthed resistance
28 and to one of the deflecting plates 28 of the
cathode-ray tube {4, The other deflecting plate
24 is earthed. The control grid 18 of the tube
13 is normally negatively polarised relatively to
the cathode of the tube I3 by a battery 34 via
a resistance 28 and the winding 32 of a trans-
former 30, 32. The brush 8 15 connected, with
the interposition 6f the winding 30 of the trans-
former 30, 82, to one terminal of a battery 238
earthed on the other side.

The cathode 12 of the tube 9 is connected to
the brush 5 with the Interposition of a resistance
iB. The contact discs 3 and 4 are constituted
by discs of Insulating material respectively carry-
ing earthed conductive laminations 40 and 41
of given width at given distances. The number
of laminations 40 on the disc 3 1s 2n, whereas
the disc 4 carries two laminations 41 which are
so arranged that periodically after one series
of n laminations 48 assoclated with & working
or back stroke of the piston has passed past the
brush B, the brush 8 contacts with one of the
laminations 41.

'The operation of that vart of the device shown
in Flg. 2 which s hitherto described 15 as follows:
'The condenser |{ may be charged from the bat-
tery 20 with the Interposition of the anode-
cathode resistance of the fube 9. the reslstance
{8, the brush 8 and a lamination 40 and the
smaller the anode-cathode resistance of the tube
9, that Is to say the greater the charging cur-
rent, the more quickly the condenser is charged.
The charging current stremgth 1s governed by
the voltages of the control grid {# and hence
by the pressure in the cylinder 1. The condenser
11. however. is only charged during the moments
the brush § is placed on one of the laminations
40. as otherwise the charging cireult would be
Interrupted. The laminations #0 are so dis-
tributed about the circumference of the disc 3
and the number of laminations is such that the
brush 5 is placed on a lamination 40 each time
the position of the piston 2 corresponds to the
centre of one of the strips Into which the flgures
abec’a’ and adec’a’ of Fig. 1 are divided (for
example to the centre gh’ of the strip dfe'd’).
The number of laminations past which the brush
§ passes per cycle of the piston movement is
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.measure of the surface adec'a’.
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therefore 2n. The condenser |1 is thus charged
both during the upward and the downward
stroke of the piston 2 a glven number of times

-(n times) over a short time interval with a cur-

rent strength proportional to the instantaneocus
pressure P in the cylinder 1. Since the time
interval over which charging periodically occurs
is identical at any one time in the case of con-
stant speed and width of the laminations 40, the
charging voltage of the condenser Il at any
one time Increases according to the mean pres-
sure P which has prevailed in the cylinder over
the charging time interval concerned. The total
charging voltage which 15 given to the condenser
during the working stroke is therefore propor-
tional to the value already referred to ZP; which
is a measure of the surface area abec’a’. The
total charging voltage which is given to the con-
denser during the back stroke is proportional to
the value already referred to P2 which is a
The difference
between these two charging voltages is conse-
quently a measure of the energy dellvered per
piston cycle.

In order that optimum proportionality may be
obtained between the anode current and the grid
voltage of the tube 9 the cathode conductor in-
cludes a feedback resistance I5.

Flg. 3 shows the fluorescent screen of the
cathode-ray tube 14, Under the Influence of the
Increasing voltage of the condenser (i, which Is
supblied to the deflecting plates 24, the Iuminous
spot of the cathode-ray tube 14 describes a
straight line ol during the working stroke of the
piston, the length of this line depending on the
voltage of the condenser and belng therefore,
similarly thereto, a measure of the surface
abec’a’. At the end of the working stroke (abe),
a short time after the brush b (Fig. 2) passes
over the last lamination 80 assoclated with the
working stroke, the brush 6 slides over an earthed
lamination 43 on the contact disc 4 so that the
winding 30 has current passing through it for a
short time. 'This resulis In a voltage belng In-
duced {n the winding 32 and being supplied to
the grid I8 of the gas-discharged tube 13 so that
the tube 13 breaks down with the result of dis-
charge of the condenser {1. The Iuminous spot
then snaps back agalin to the polnt o (Fig. 3). In
the same manner as above described the luminous
spot moves from o to m during the back stroke
(adc) In conformity with the surface adec’a’.
The difference in length m of the lines ol and
om ls therefore a measure of the surface abed
and hence of the Indicated energy. At the end
of the back stroke the brush 8 slides again over
a lamination 41 and the grid I8 is glven a posi-
tive voltage which brings about a break-down of
the tube 13 and a discharge of the condenser it
50 that the cycie described can start again.

The shaft of the motor (Plg. 2) carries a third
contact disc 42 over two earthed laminations 43
of which a brush 44 slides in such manner that 1t
slides over one of them after the brush 5 has Ieft
the last of the laminatlons 40 but before the
brush 6 comes Into contact with the lamination
4. The brush 44 is connected to one of the
output terminals of a high-frequency oscillator 45
whose other output terminal i3 connected to one
end of the primary 4B, earthed on the other side,
of the transformer 48, 41. The secondary 4T of
the transformer 48, 47 is connected to the de-
flecting plates 48 of the tube 14,

Immediately after the brush § has left the last
lamination 40 the brugh 44 is earthed by ome
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of the laminations 43 with the result that the
high-frequency current passes through the wind-
ing 48 and thus Induces & high-frequency volt-
age In the winding 47 which is supplied to the
deflecting plates 48. At this moment the luml-
nous spot has arrived, for example after the work-
ing stroke, in the point I (Fig. 3) under the in-
fluenice of the charging voltage of the condenser
i1 and is stationary, since the condenser is not
charged any further. Under the influence of
the high-frequency voltage at the deflecting
plates 48 the spot then describes a line §0 normai
to the line ol which clearly indlcates the place
of the point I. The place of the point m 1s simi-
larly indicated by a line 52 which is described
at the end of the back stroke due to the passage
of the second lamination 42 under the brush 44.
The Indicated energy is therefore clearly indi-
cated by the spacing between the lines 50 and 52.

Generally, Lhe device already comprises a high-
frequency oscillator so that the oscillator 45 does
not Involve a complicaetion. Instead of using the
oscillator 45, use may be made of a source of di-
rect voltage.

It was assumed hereinbefore that the speed .

of the motor always remalned constant. If such
is not the case, for example due to an increase
of the speed at a given delivered energy per
stroke, the brush 5 will sojourn on each of the

laminations 40 each time during a proportionally u

shorter period so that the charging perlods of
the condenser (i becomes shorter, whereas the
number of charging periods per stroke remains
unvaried at all times. The total charge after
each stroke Is thus decreased so that the meas-
uring voliage across the condenser 11 is lower in
the case of an Increasing speed, the measuring
voltage being Inversely proportional to the speed
in the case of invariable energy per stroke. This
proportionality permits of the energy being de-
termined by means of a simple calculation.
According to a further object of the invention,
in order to avold the need for this calculatlon,
provision may be made of electrical or mechani-
cal means which are coupled to the shaft of the
motor and which permit of the effect involved
belng compensated. The shaft may, for exam-
ple, have coupled to it an alternating current
generator supplyilng a control voltage which is
proportional to the speed and which after rectl-
fication is supplied to, for example, the suppressor
grid or the screening grid of the tube 8, thus
bringing about an lncrease in mutual conduc-
tance of the tube 8 which is proportional to the
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speed and which compensates for the shortening
of the charging perlods.

Compensation may be obtained mechanically by
giving the laminations 40 a width Increasing in
the axial direction and by causing axlal dispiace-
ment of the brush § in the direction of the great-
est width of the laminations 40 by means of an
automatic regulator with Increasing speed so
that the time during which the brush b contacts
with a lamination 40 i3 iIndependent of the speed
and is unvarted at all times.

The work of the motor, that is to say the en-
ergy delivered per second, is equal to the energy
dellvered per double stroke (cycle) multiplied by
the number of cycles per second i. e. the speed.
According to the invention, even this multipli-
cation may be performed automatically, viz. by
the control voltage obtained by the flrst-men-
tioned electrical compensation method belng sup-
plied to two grids of the tube 8 both of which
have a multiplicative influence on the anode cur-
rent of this tube by which the condenser (1 is
charged.

In s modification of the device according to
the Invention, instead of using the contact discs
3, 4 and 42 with the laminations 40, 41 and 43
and the brushes §, 8 and 44, use may be made of
one or more discs having formed in it apertures
distributed along the circumference of concentric
circles and opposite the apertures there is on one
side of each disc a source of light and on the
other side a photo-electric cell. The disposition
and arrangement may be such that at moments
corresponding to those at which the laminations
48, 41 and 43 would make contact with the asso-
ciated brushes the photo-electric cells concerned
recelve light across the apertures and, by means
of suitable devices, perform the same functions
as the laminations 40, 41 and 43 with the brushes
5,6 and 44.

A voltage-measuring Instrument may be con-
nected in parallel with the deflecting plates 24
of the tube 14 s0 as to permit direct reading of
the indicated energy. From the foregolng it will
be understood that the charging voltage of the
condenser [, which Is set up during the back
stroke, must be supplied to the voltmeter In &
sense opposite to the charging voltage during
the working stroke. This may be ensured by
means of a commutator on the shaft of the motor
which reverses the polarity of the voltage sup-
plied to the volimeter after every working stroke
and back stroke,

MAXIMILIEN FELIX RELJNST.



