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ABSTRACT

Measuring techniques in rescue and recovery systems are mainly applied to parachute and
ejection seat systems. Thereby, the measurements of special interest are: forces occuring in
the suspension lines of parachutes during inflation; accelerations acting on persons to be
rescued or on materials to be recovered; the progress of velocities during the retarding of
persons, ejection seats, test verhicles and so on; as well as measurements of the static
pressure and possibly the outside temperature for the determination of altitudes. Further,
the change of the projected area of a parachute during inflation will also be of interest.

The data values are transformed by the transducers to analogue electric signals and
telemetered to the ground station. To determine the projected area of the parachute during
inflation this event is filmed by a high speed film camera which is installed in the rear of
the test vehicle. Furthermore, the entire experiment is filmed from the ground by another
high speed camera. On request, a cinetheodolite and a tracking radar installation is used
additionally to get data concerning rate of descent and trajectory of the parachute-load
system. (1,2)

INTRODUCTION

In the years from 1962 - 1980 ample investigation in the field of rescue- and recovery
systems was done by the Department “Rescue- and Recovery Systems” of the Institute for
Flight Mechanics. The use of unmanned test-vehicles housing the measuring equipment
needed for parachute drop-tests made it necessary to use telemetry- and telecommand-
devices, which are described in the following.

TEST INSTALLATIONS

Figure 1 shows a block diagram of the measuring and test installations which are necessary
for the execution of drop tests with parachute-load systems. These include a cinetheodolite
installation consisting of a master and a slave station, a high speed camera installed in a



van, a mobile telemetry ground station installed in a second van and a third truck to assist
the recovery group. A telecommand transmitter con be operated from the telemetry ground
station to give commands to the test vehicle. Frame mark pulses from the cine theodolite
equipment and from the high speed camera are fed to the telemetry ground station to be
recorded as reference marks. All ground installations are linked to each other and to the
dropping aircraft by telecommunication facilities.

Aerodynamic favorable shaped test vehicles as well as dummies are used in testing
parachute-load systems. For testing personnel parachutes by jumpers, a special
instrumentation package has been developed. Additionally, this package enables the
telemetering of biomedical data.(3,4)

INSTRUMENTED TEST VEHICLES

For drop tests with test vehicles at different airspeeds and loads a series of different test
vehicles has been built for loads of 6 kg up to 250 kg. These test vehicles are carried by
aircraft to the appropriate altitude for the experiment and dropped at the prescribed
airspeed.

Figure 2 shows a perspectivic view of a type “FB-1A” test-vehicle. Attached to the nose of
the vehicle is a pitot tube for measuring the pitot pressure which is used to obtain the
airspeed of the body. The tube in which the pitot tube is installed is simultaneously used as
an antenna for a telecommand receiver. The section located just behind the nose contains
the measuring and control plug-in unit with the airborne telemetry equipment, the
telecommand receiver, the timer and the batteries for the power supply. Two diametrically
opposed 8/4-antenna rods located outside of this section serves as telemetry transmitting
antennas. This arrangement is easy to construct at low expenses and shows an
isoradiogram which is very satisfactory for this application.

The section behind the telemetry equipment contains the recovery system for the vehicle.
This is a second parachute which can be used if a malfunction of the test parachute occurs.
The rear section of the vehicle contains the test parachute and a high speed camera which
films the deployment of the parachute. This camera, like the high speed camera on the
ground, has a frame rate of about 100/s. Releasing of the test parachute and, if necessay,
the recovery system is done by pyrotechnic actuators. At the end of the test phase of a
measure-drop, the pitot tube with its carrier tube is separated also by pyrotechnic actuators
and recovered by a separate small parachute. The pyrotechnic actuators are triggered by
the timer or the command receiver.

Referring to figure 3 which shows a block circuit diagram of the airborne instrumentation,
a brief description of the measuring and control installation shall be given. Transducers as



load cells, acceleration transducers, static pressure transducers, differential pressure
transducers, temperature transducers and others are used as required for measuring the
various data. The block diagram shows, for instance, how the differential pressure from the
pitot tube via connecting tubes and a magnetic operated valve is fed to a transducer for
measuring the pitot pressure. All transducers deliver DC-output signals which are fed to
VCO’s after preamplification. The outputs of all VCO’s are fed via a mixer amplifier to
modulate the telemetry transmitter. The transmitter transmits an RF-signal of 235,5 MHz
at an output power of about 2,5 W. The transmitter is adapted to the 8/4 antenna rods by a
balun half wave transformer. In addition to the transducer signals, a frame mark signal,
which is derived from the high speed camera and which consists of one pulse per frame,
and monitoring signals are telemetered to the ground. The block circuit diagram shows
further the power supply plant and the stabilizing circuits for the transducers. The power
supply consists of nickel-cadmium accumulators (Varta 5/900D) having a connector for
external power supply. Different installations, such as the telemetry unit, command
receiver, transducers, camera and pyrotechnic actuators, are powered from different
independent batteries. During the preflight-check, adjustment of the transducers balance on
the ground, and during the in-flight-phase until the vehicle is dropped, the entire electrical
installation of the test vehicle will be supplied via an external connector from the power
plant of the aircraft. Shortly before dropping, power supply is changed to the internal
batteries. At the dropping point, the timer is initiated by means of pull switches which are
attached to the aircraft by break threads. The timer controls the time-lapse of the high
speed camera, the magnetic operated valve and the pyrotechnic actuators.

The airborne telemetry unit uses an FM/FM-system with low level subcarrier-oscillators
(Vector TL 61B) and a transmitter with a power output of 2,7 W (Vector TR 2125).
However this is just an example and in other, similarly constructed plug-in units very
modern miniaturized telemetry components of various manufacturers as well as “home
made” telemetry components are used. Very common in use was an airborne telemetry unit
the components of which were manufactured by Messerschmitt-Bölkow-Blohm, whereas
the mount with power supply and wiring was made by the Department for Rescue and
Recovery Systems.

The telecommand installation serves to command release of the recovery system when a
malfunction of the test parachute occurs. During a defined time-interval after dropping of
the test vehicle, a signal for the pyrotechnic actuators of the recovery system to be
activated is released by the timer. This activation is, however, disabled via telecommand
from the ground station so that the pyrotechnic actuators cannot operate. If a malfunction
of the parachute occurs, which can be observed by direct viewing or by telemetry-signal
displays, the disabling command can be cancelled so that the recovery parachute will be
released. This is a fail-safe system, because in case of malfunction of the telecommand
system the recovery parachute will be released automatically. Using this fail-safe type



system it may occur that due to unnecessary releasing of the recovery parachute an
experiment may become unusable; however, the test vehicle, which is of considerable
value, will be safely recovered in any case. If a malfunction occurs during a period when
the timer is not furnishing a signal to the actuators, an active command can be given to
release the recovery system. The telecommand receiving set is a modified remote control
set for models, consisting of a receiver and 4 relais switching stages each for two tone
frequency channels. The output signals of the relais switching stages are so interconnected,
that for one command two channels are used. In this way the system is sufficiently safe in
preventing acceptance of wrong commands given by modelflyers, walky-talky-users or
other RF-sources within the 27 MHz-band.

The interconnection of two telecommand channels also minimizes the possibility of wrong
commands originating from operation of one of the switching stage relays by signals from
random noise (experiments have shown that this may occur for a time up to 5 msec
duration). Wrong commands of this kind are entirely prevented by sequence controlled
relays which pulls up with a time delay of 100 ms and which serves as switches for the
actuators. A telecommand installation of this type is cheap, not very liable to interferences
and shows good safety against malfunctions. This safety can be further increased by
redundant operation of two receiving sets connected in parallel.

TELEMETRY TECHNIQUE

Due to the fact that flight test applications as in question in general require only a relatively
low number of signal channels (very often less than 10) which may have short signal rise
times so that sufficient bandwidth must be provided, an FM/FM-Telemetry System is used.
Another advantage of FM/FM is given by the possibility to reduce the airborne telemetry
installation by removal of components to the minimum which is needed if a drop test
seems to be high risk. This minimizes the danger of loosing valuable components. For RF-
transmission a frequency of 235,5 MHz (P-band range) was used. A helix antenna with a
gain of app. 11 dB and a beam width of 40 degrees served as receiving antenna.

For different reasons a change was made to transmission-frequencies in the L-band range
(1476,5 and 1479,5 MHz). Because antenna-tracking became then necessary at the ground
station, a Single Channel Monopulse Tracking System of the type “MONOTRAC” made
by MBB/Krupp was used. The MONOTRAC-System consists of five subsystems:
Parabolic reflector, Focusbox, Operation equipment, Servosystem and Pedestal. The
parabolic reflector has a diameter of 2 m and is suited for a frequency range of 1,4 - 14
GHz, the focusbox contains the complete RF-equipment and is interchangeable to fit to
different frequency ranges.



The “MONOTRAC” antenna system is mounted on a flat-bed-trailer which allows quick
transportation. Attached to the elevation portion of the antenna is fixed a jib for mounting a
TV-camera. This camera allows continuous observation of the target, here the test vehicle-
parachute system. The tracking antenna equipment has a gain of 27 dB at a beamwidth of
7E. Moreover the azimuth- and elevation-data of the antenna can be used in connection
with an electronic ranging-device and calculator for a continuous positioning of the test
vehicle or other target resp.

MOBILE TELEMETRY AND TELECOMMAND GROUND STATION

Figure 4 shows a block circuit diagram of the mobile ground station. The RF-Signals
received are fed to a telemetry receiver with P-band tuner (215 -260 MHz). The FM-
multiplex signal is fed to 14 subcarrier discriminators (EMR 4150, IRIG-proportional
channels 5 -18). The output signals of the discriminators and the frame mark signals from
the ground installed high-speed-camera and from the cine-theodolite installation are fed via
a distribution (patch panel) to the recording installations. These are a cathode ray
oscilloscope for monitoring signals, an ultra-violet light-recorder (Fischer AF 16 UV) for
quick look recordings and another recorder using photosensitive paper. The recordings of
the latter can be developed and stored for later data reduction. Further, the discriminator
signals as well as the FM-multiplex signal can be recorded on an analogue tape recorder
(Ampex PR 2200). A tape speed compensation is used with 100 kHz reference frequency
(oscillator EMR 4810, discriminator EMR 4130). The tape recordings can be used for
reproduction of paper recordings but are mainly used for Off-Line data reduction by a
process calculator.

The mobile ground station shows further a monitoring device which displays directly
altitude and airspeed of the test vehicle and the different events of actuations within the
vehicle. Moreover, a TV-monitor displays the pictures which are delivered by a TV-
camera outside of the van observing the test-vehicle and the parachute. The TV-camera is
mechanically ganged with the van-mounted high speed camera or with the
“MONOTRAC” tracking antenna system. The video-signals are recorded by a TV-
recorder.

The monitoring signals, derived from the different actuators installed in the test vehicle and
telemetered to the ground, are fed to event displays which shows the time of each event
(starting the camera, separation of rear cover lid, etc.). This time is referenced from the
time of dropping. Further, there are command programming switches by means of which
preprogramming of commands can be done. However, commands are mainly given,
according to the observation of the test vehicle-parachute system, by manually pressing the
button referred to on a control desk. The telecommand transmitter is amplitude-modulated
with the tone-frequencies related to the switching stages in the receiving set. A monitoring



receiver with frequency-selective relays gives a possiblity to check the transmisison of the
telecommand ground station. The antenna for the telecommand ground installation is a
8/4-ground plane antenna. It is obvious that other command codes, e.g. PCM-codes, can
be used for telecommand, if necessary. It is as well possible to install a crystal controlled
timer in the ground station which will be used in place of all the timers in the test vehicles
because these are not very convenient to adjust. Then all programs will be ground-
controlled via the telecommand-link. A redundant timer left in the vehicle operates in case
of carrier-failure of the telecommand link.

FURTHER APPLICATIONS

The test instrumentation system described was as well applied to ejection-seat testing(5)
and to parachutists testing personell parachutes of all kinds. These special applications
required different airborne instrumentation packages, whereas the ground station could be
used with minor modifications for all applications.

DATA REDUCTION BY PROCESS CALCULATOR

Data reduction using the paper recordings is a very long term work which needs a large
personell staff. To overcome this problem a process calculator (Digital Equipment
PDP-8E) has been installed for Off-Line data reduction. During calibration, the data are
fed via the complete measurement link (i.e. from the transducers via telemetry up to the
discriminator outputs in sequence to the calculator and stored there). For data reduction the
FM-multiplex signal of an actual experiment recorded on the tape recorder is fed via the
tape speed compensation equipment to the subcarrier discriminators. The outputs of the
discriminators are cable connected to the multiplexer and ADC at the input of the
calculator. According to the selected program, the calculator refers to the stored calibration
data, calculates and prints the data requested by means of a teletype simultaneously. A
scaled graph of data can be achieved by means of the additionally provided x-y-recorder.

THE FREE-FLIGHT TEST INSTALLATION

In order to investigate principles on which models work, tests were carried out using
model parachutes. For this purpose, a free-flight test installation was provided by DFVLR.
Flying test bodies (ca. 105 mm diameter) carrying the model parachute were brought to a
high velocity (a velocity of up to 200 metres per second is achievable) by means of an air-
pressure accelerator and the parachute made to open at a definite location by use of a cord.
The small flying test body, like the flying test vehicles for larger-scale tests, contained a
telemetry system and a force sensor for measurement of forces arising in the suspension
lines of the model parachute.



Figure 5 shows a block circuit diagram of the test equipment for the free-flight section of
the test. First of all, the initial velocity V0 with which the flying body leaves the accelerator
is measured by means of light barriers. When the parachute opens (deploys and inflates),
the test signals emitted by the force sensor, also other test signals if required, are
transmitted telemetrically. Here also an FM/FM-method is used. The transmitter thereby
transmits by way of a conical helical antenna cast into the polyamide tip of the flying test
body. The receiver constructed by DFVLR passes the frequency multiplex signal to
subcarrier discriminators whose output signals are fed by way of a distribution system to
an UV-recorder and to a tape recorder, so that here also the possibility of off-line
evaluation by a process computer arises.

The on-board telemetry system was equipped with an up to six-channel FM/FM-system
using miniature subcarrier oscilators of the MMO 11(Vector) type of construction, and an
MBB-transmitter of the Type 3415E. These components, however, have been found to be
insuffieciently shock-proof when the flying body crashed with high velocity into the
arresting wall at the end of the test section in the event of a parachute malfunction; in such
a case, shock accelerations of up to 10.000g may arise. Therefore a telemetry system,
constructed according to thick-film technology, such as that developed by the Institute
Saint-Louis in cooperation with AEG-Telefunken for balistic tests, was introduced. It
consists of all components required for an FM/FM system including transmitter and is able
to withstand shocks up to 100.000 g.

The course of the velocity of the overall parachute-load system was measured by means of
a Doppler radar system, the output signal of which is to be recorded. In order to obtain
important information, here also the whole test procedure must be filmed by high-speed
cameras. Since, for the case in which the flying test body leaves the accelerator at 100
metres per second, the process concerned is completed in about 50 ms, the high-speed
camera must film at a rate of about 1000-5000 frames per second if an adequate number of
photographs is to be obtained. Collimation point signals are derived from these cameras
and are then included in the recording.

SUMMARY

The paper gives a survey of the measuring technique applied in rescue- and recovery
systems, with special reference to the use of telemetry and telecommand equipment.
Measuring and test installations such as instrumented test vehicles and the essential ground
equipment are described. Reference is made to a test installation for testing model
parachutes in free flight using high-g-telemetry components.
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Figure 1. Blockdiagram of the test installations

Figure 2. Perspectivic view of a test-vehicle type FB-1A



Figure 3. Block circuit diagram of the measuring- and
control installation of a test-vehicle

Figure 4. Blockdiagram of the Mobile Telemetry- and
Telecommand Ground Station



Figure 5. Blockdiagram of the Free-Flight Test Installation


