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TELEMETRY OF PISTON PARAMETERS AT ELEVATED
TEMPERATURES

M. SLAFFER
Admiralty Engineering Laboratory

West Drayton, Middlesex
England

Summary    A system is described whereby piston information is continuously
monitored using frequency modulation of carriers in the band 2 to 10 mc/s. The basic
design of a miniaturised one channel transmit-ter for temperature measurement has been
completed and practical details are given in the text. A thermistor was used as sensor.
Trials with two operating channels have been carried out on a Lister engine over periods
exceeding five hours without component replacement. The choice of high frequency
band vras influenced by the desire to avoid the use of an iron cored sensor when the
measurement of displacement was to be considered.

Introduction    ‘Experience retention’ is a term particularly applicable to designers of
internal combustion engines for the simple reason that it is not known what really
happens regarding relative movement between the piston rings, the piston and the
cylinder walls of a working engine. Nor is it strictly known what is the state of the oil
between these items. It is, however, known that wear and distortion of these parts do
eventually occur, possible causes being continuous hammering due to mechanical
movement, oil contamination by the products of combustion that pass the piston rings,
and oil deterioration by momentary increases in temperature beyond vaporisation level.
The lack of suitable instrumentation has hitherto hampered efforts to acquire this
knowledge. If such instrumentation were available, it is confidently expected that it
would enable one to establish quickly what -performance uprating could be permitted
and alsc) what long terra side effects might be encountered if an apparently worthwhile
improvement were to be introduced without long term experience.

In the search for such improvements, information on piston temperature, for example, is
currently obtained from small “fuseable” plugs which are screwed into the piston at
selected sensing points. These are examined after dismantling the engine and give an
indication of the temperature reached at each of these points but over rather wide
intervals of temperature. A similar method, but using “hardness” plugs which are
afterwards submitted to metallurgical examination, gives an indication of terminal
temperatures reached over somewhat closer intervals than with fuseable plugs. A third



method involves sampling the parameter once per cycle by means of (a) contacts fitted to
the piston underskirt which make with corresponding contacts on the cylinder at bottom
dead centre thus connecting (say) thermocouples in the piston with external recording
instrumentation, Refs. (1) and (2), or (b) coupling coils which replace the contacts,
Ref. (7)

None of the above three basic methods are, however, capable of providing continuous
information so that interstroke variations of temperature, dynamic strain, or piston or
ring movement with reference to the cylinder, can be deterrained. Some success in this
direction with reasonably reliable and interpretable results has been achieved by the use
of flying or highly flexible leads or by the use of mechanical linkage systems, but always
at the expense of modifications to the crank case, Refs. (3), (4), (5). This, however, is not
an invariably acceptable feature for this kind of investigation, nor is it lacking in
tediousness in its application.

Non-contact telemetering systems to give continuous information have also been
publicised Ref. (6) but, as far as the author is aware, the results have not been altogether
successful. The telemetering arrangement described here has been tried initially for
temperature measurement on two channels with satisfactory results, and is now being
progressed for the measurement of other parameters.

Present System    The basic arrangement consists of a temperature measuring sensor S
(Fig. 1) in the form of a thermistor connected to its own miniaturised transmitter, the
latter being mounted on the skirt of the piston where the temperature does not exceed
100EC. The transmitter is frequency/temperature stable in its own right, within
practicable limits, from ambient tip to 100EC, Fig. 3a, at a frequency that is controlled
only by the sensor’s resistance or equivalent temperature. The controlled frequency
change is limited to a rise of approximately 1 mc/s by a tempera, ture rise in the sensor
environment UP to 300EC.

The transmitter signal is capacity (C01) coupled to a “radio line” on the con-rod, whence
the output is again capacity (C02) coupled to a fixed external receiver Rx. These
capacitances are designed to remain fairly constant throughout each cycle of movement
so that undesired amplitude and prohibited frequency modulation that could be caused
by otherwise changing loads on the transmitter are reduced to a minimum. In the present
design, amplitude modulation does not exceed a ratio of two to one over each cycle of
piston movement; and frequency modulation is in fact negligible.

The sensor’s temperature may be read at any time, in term of frequency, by tuning the
receiver to the incoming signal. Temperature changes, if slow, may be followed directly
by manual tuning of the receiver. However, as changes in the sensor parameter may be 



fast, particularly in the case of the projected displacement measurements, the received
signal frequency was converted to an analogue and recorded.

For multichannel operation the “radio line” is common to all channels, individual
selection being effected in the receiver by appropriate 1 mc/s bandwidth filters (Fig- 4).
Undesired inter-transmitter interference is prevented by appropriate RC filtering applied
individually to all transmitters.

The Transmitter    The requirement for small dimensions considered together with the
adverse conditions under which the transmitter would be operating precluded the usually
applied methods for attaining frequency stability, i.e. tuned circuits or crystals
maintained at a constant temperature. Also the prospect of employing automatic
frequency control in the receiver seemed to bristle with uncertainties. Instead, a circuit
was chosen that could meet what istafter all, the basic requirement,i.e. a larg,e ratio of
signal frequency sweep of the transmitter to undesired frequency shift during the
prevailing temperature variation, viz.20 to 100EC, special care being taken in the design
to stabilize the transmitter - as far as possible - in its own right. The final circuit is shown
in Fig. 2.

Two silicon transistors and micro-miniaturised low temperature coefficient resistors
(50 p.p.m.) are welded rather than soldered together in a switching type of RC circuit.
Only one condenser with linear temperature characteristics is included in the frequency
determining part of the RC circuit in order to ease the approach in the design for
frequency/ temperature stability. The circuit is essentially an emitter coupled
multivibrator Ref. (8) whose frequency f is given approximately by

or

From this it follows that the-transmitter frequency can be conveniently controlled (by
large amounts) by varying thermistor shunts across R5 or R1.

A more accurate analysis would show that the frequency is, to some extent, dependent
upon the supply voltage, the aerial loading and, of course, on the transistor’ s
temperature. However, an adequately stable frequency can be maintained (Rp constant)
throughout the temperature range of the transmitter environment by keeping the supply
voltage constant at around 5 volts, ensuring that the aerial loading is fairly constant



throughout the engine cycle and balancing out the effect of the temperature variation
with an auxiliary thermistor device, T, connected between base and emitter. This
auxiliary thermistor is included in the completely encapsulated unit. To all intents and
purposes, all three requirements have been met in the design. In Fig. 3a, transmitter
frequency versus its temperature has been plotted for a series of constant sensor
temperatures. Ideally these lines would be horizontal. Temperature increments of the
thermistor (sensor) environment are given, in terms of transmitter frequency, by
interceptions on any vertical line. For example, the vertical line ‘AA1’, transposed on to
Fig. 3b, gives the calibration when the temperature of the transmitter is 80EC; and there
is no significant change in the calibration, for any other temperature value of the
transmitter. The consumption per transmitter unit is 5v x 3mA.

Possible Displacement Sensor    For displacement measurements, preliminary work has
shown that a tuned circuit shunted across R5 or R1 can give adequate control over the
transmitter frequency then its dynamic impedance is altered by proximity of metal to the
inductance of the tuned circuit. The high frequency used for the transmitter permits the
employment of a  small value of inductance. In an actual experiment, a small probe
consisting of an air cored coil of 50 microhenries, tuned to the transmitter frequency by
an auxiliary condenser, produced a frequency sweep of 150kc/S when the plane of a
metal plate was moved toward the coil’s end face through a distance of 0.015 inch Then
using a 3 mc/s carrier.

The presence or absence of oil in the gap had no effect on the frequency .

Direct relative displacement measurements under cyclic movement of the piston during
normal engine operation axe thus feasible, but absolute measurement would not be -
other than by interpolation - on account of the impedance/temperature-coefficient of the
probe itself which is likely to be too large to be ignored. However, the absence of an iron
core will facilitate the design which, it is visualised, will require that the coil be buried or
encapsulated in ceramic material.

Block Schematics     A block schematic for single channel operation is shown in Fig. 4a.

For multichannel operation, Fig. 4b., a low pass filter acting as a separator is inserted
between the output of each transmitter and the common radio line coupling to prevent
interference between transmitters. This reduces the output from each transmitter, but by
this simple means this interference is reduced to a low enough level as to be of negligible
significance. The signal strength is subsequently more than retrieved with elimination of
the high impedance coupling capacitance C01 by using the tinsel wire connection referred
to later.



At the receiving end, channels are selected via appropriate filters and the signals
converted to analogue values for direct recording.

Experimental Work and Results

Sensitivity    Two transmitters with ranges 1.8 to 2.7 mc/s and 2.8 to 3.7 mc/s have been
built. The characteristics of an earlier unit tested on the bench, are shown in Fig. 3a. The
two transmitters have equally good characteristics but they are not reproduced here. A
sensitivity of approximately 7 kc/s per degree centigrade is indicated for thermistor
temperatures between 150EC and 300EC, and an estimated overall measuring accuracy of
± 2 1/2%. is anticipated.

Intermodulation Interference    Apprehension that inter-channel interference might
nullify the system for general use was soon dispersed. Preliminary tests on the bench
with both transmitters fitted on a, piston, temporarily removed for the purpose from a
Lister engine, showed that intermodulation interference between two adjacent channels
had been reduced to an insignificant value by the transmitter output filters and the
receiver selecting filters.

The inconvenience of providing more than one temperature environment on the bench,
i.e. one for the transmitters and others for the thermistors, was overcome by simulating
the thermistors at specific points in the desired range of temperature measurement up to
300EC with a number of resistances that could be switched into circuit in turn. Thus only
one changing temperature environment was required for the transmitters up to 100EC. In
no case did either transmitter when treated as an interfering source produce a change
exceeding 1 kc/s ( 0.2EC) in the frequency of the desired signal.

The piston assembly was then refitted in its engine and. connected to temperature probes
sited (a) near the Perimeter of the crown and (b) just inside the upper groove base. The
resets for half hourly runs which included start, light and full load conditions axe shown
in Figs 5a and 5b, the former for simultaneous operation of the two channels and the
latter for separate operation.

It will be observed that the shape of the temperature/time curve for each transmitter
during its separate run is slightly different from that obtained when both transmitters
were running simultaneously. Also that there is a temperature difference of 8EC and 5EC
for the final on-load temperature in channels A and B respectively. Nevertheless the
results confirm that no untoward phenomena a-rise during running conditions. The
differences referred to are believed to be due to slightly different running, conditions
and/or thermal inertia of the transmitter units themselves. Regarding the latter, it may
well be that monolithic designs of stable transmitters or circuits using film techniques



may shortly be available so that this probably major contributing source of error can be
eliminated.

Mechanical Strength, Signal Stability and Battery Capacity    The transmitter units -
fitted in the Lister engine withstood the forces encountered under light and full load
conditions estimatedfrom stroke and RPla considerations, at ± 200g. One of the
transmitters was, in fact, finally fitted on the base of the con-rod where it also
experienced an impact force during every engine cycle, when plunging into the sump of
hot oil.

In the original design it was intended that the transmitting part of each channel consist of
a “throwaway” probe complete in itself i.e. containing the sensor, the transmitter and its
own small battery. But it was soon established that techniques at elevated temperatures
were not, and still are not sufficiently well known to warrant this fonvard step. Instead it
was decided to fit one transmitter on the piston underskirt, one on the con-rod, and the
batteries for both in a housing fitted to the conrod base. This would demonstrate possible
optional sitings for these components.

The problem of flexible connections between components on the piston and their
counterparts on the con-rod was solved by the use of copper tinsel wire insulated with
PTFE tubing - always routed round the gudgeon pin. The PTFE tubing was anchored to
frame near the ends where the tinsel wire emerged. This proved highly successful; and,
to demonstrate the durability of the tinsel wire some of the leads were duplicated, routed
round the gudgeon pin, connected in series, and the engine operated for a period of five
hours without the necessity for lead or component replacement.

During this test one of the transmitters was kept under close observation for stability.
The frequency did not change by more than 5 kc/s i.e. 1EC.

The power supply consisted of a battery of four Type RM625 RT Mallory cells
connected in series. The maker’s characteristics indicate an operating time of 60 hours
for one channel, 30 hours for two channels and pro rata for more channels.

Further Development     It is intended to develop the system to enable eight parameters
to be observed simultaneously which must also cater for displacement measurement. The
only type of sensor that can be visualised at present for detecting movement in oil
atmospheres and under high temperature conditions is a small, multilayer coil embedded
in ceramic. The choice of high frequencies in the present system permits the use of a
small value of inductance and without an iron core. The inclusion of an iron core would
impose an upper limit, determined by the Curie point of the material, on the permissible
measuring temperatures; and manufacturing difficulties have yet to be overcome in the
use of ferrous material for transducers at 250EC upwards, Ref. (5).



Although the present design of transmitter unit is quite small, it is considered that, if one
were produced using thin film or integrated circuit techniques, then thermal delays
between its constituents components would be reduced with a consequential
improvement in meacuring accuracy.

Conclusions    A system of telemetering information from piston engines using
frequency modulation of carriers in the band 1 to 10 mc/s and occupying 1 mc/s per
channel has been described and proved for two channels as regards temperature
measurement. Outstanding items of which details are given in the text axe:

(a) A micro-miniaturised transmitter, adequately stable in frequency in its own right
throughout the working temperature range, 20 to 100EC, and capable of being
directly modulated by a thermistor sensor up to 300EC or more to give an
estimated temperature measuring accuracy of ± 2 ½%.

(b) An arrangement for the non-contact coupling of components from the piston via
the con-rod to an external receiver.

(c) A simple flexible lead system consisting of tinsel wire in PTFE tubing for
connecting components on the piston to those on the conrod.
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Fig. 1 - Basic Assembly

Fig. 2 - Transmitter (one Channel) Circuit
Diagram and Physical Dimensions



Fig. 3(a) - Transmitter Chaxacteristics. Frequencies for Constant
Sensor Temperatures up to 300EC

Fig. 3(b) - Calibration:- Frequency against Temperature
Transposed from Fig. 3(a)



Fig- 4(a) - Block Schematic - Single Channel

Fig- 4(b) - Block Schematic - Multichannel



Fig- 5(a) - TelemeteredTemperatures during Engine Trials
under Start, Light and Full Load Conditions.

Simultaneous Operation of Two Channels



Fig. 5(b) - Telemetered Temperaturesduring Engine Trials
under Start, Light and Full Load Conditions.

Separate Channel Operation



Fig. 6 - Layout of Single Channel Transmitter System




