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FM/FM TELEMETRY OF PHYSIOLOGICAL AND FORCE
DATA DURING MILITARY PARACHUTING AND

DURING HIGH SPEED AERIAL TOW

D. H. REID, Ph.D., J. E. DOERR, J. D. MARTIN and D. M. TERRY
Naval Aerospace Recovery Facility

El Centro, California 92243

SUMMARY    15- and 9-channel FM/FM physiological/force-field telemetry data
acquisition systems utilizing microminiaturized signal conditioning modules, IRIG
subcarrier oscillators and 220 or 1485.5 MHz transmitters have been utilized to monitor
the responses of military test parachutists throughout intentional free-fall parachuting
and continuously during highspeed (110-150 KIAS) through-the-air-tow by C-130
aircraft. No in-depth physiological studies of parachutists have previously been
conducted and no reference to intentional aerial tow of humans was found in the
literature. The objective is to provide better human engineered egress and retardation
equipment for the aircrewmember, to describe parachutists physiologically, and to assess
biomedical response to aerial tow so that mid-air retrieval systems can be developed for
rescuing ejectees over enemy territory. Mean heart rate profile to parachuting exhibits a
double peaked curve with the highest values near parachute deployment (157.7 BPM)
and second highest rates near landing (155.7 BPM) compared with baseline values of
77.4 BPM one hour pre-jump. Respiratory rate more than doubles during the jump
(32.1 BrPM) at deployment when compared with baseline conditions (15.6 BrPM). Total
riser forces at parachute deployment average 1632 lbs (8.34 +Gz), Preliminary air tow
data indicate that heart rate increases linearly with speed to 150 KIAS. One subject, who
averaged 131.5 BPM at landing during nine parachute descents, had heart rates of
128 BPM at egress during tow, 171 BPM at 110 KIAS, and 182 BPM at 150 KIAS.
Thermistors and subjective data indicated no significant chilling after 14 minutes in the
air-stream.

INTRODUCTION    The studies reported herein are designed to accrue and correlate
physiological and force data from parachutists participating in intentional parachute
jumps and being towed behind aircraft at speeds of 110 to 150 KIAS. Utilization of state-
of-the-art bioinstrumentation techniques was tantamount to the success of obtaining high
quality data under these rigorous conditions. A design philosophy was adopted which
aimed at obtaining all of the meaningful physiological and engineering parameters that
could be repeatedly obtained in a day-to-day basis, with minimum time spent
instrumenting subjects, and with minimum turn around time for conducting tests. For



these reasons, parameters obtained are either biopotential changes (e.g., ECG, EEG) or
parameters which utilize simple and easy to calibrate transducers (e.g., thermistors, strain
gauges, pressure transducers, accelerometers). Arterial blood pressure, and blood oxygen
saturation via oximeters are examples of desirable parameters which were excluded
because of the difficulty, if not impossibility, of repeatedly obtaining usable data during
parachuting operations.

Telemetry, as opposed to man-borne tape recorders, was selected as the data acquisition
system of choice for many reasons, including the following: (1) the DoD Joint Parachute
Test Facility range instrumentation is primarily telemetry. Thus, the receiving station
facilities were present at the time these studies were conceived as was an in-house
telemetry expertise; (2) Telemetered data were felt to be more accurate than data from
small, personal tape recorders; (3) It is possible to multiplex a greater number of
channels with much less weight and physical bulk, and (4) handling time is greatly
reduced, since in most cases the final oscillogram is produced in the real-time mode,
This decreases the man-hours required to reduce data and also eliminates several
potential error sources. The only disadvantage of telemetry for this application has been
the greater expense.

A collaboration between the physiologist at the Naval Aerospace Recovery Facility,
technicians at the USAF 6511th Test Group (Parachute), and electronic design engineers
at the Naval Missile Center began several years ago. Prototype telemeters were
developed, fabricated and refined. In 1969 two 9-channel systems, (“second-generation
telemeters”) were built and in 1970 two 15-channel systems (“third-generation
telemeters”) were developed. The 15-channel system, which incorporates an RF and
hardwire emergency release subsystem in addition to the data acquisition function, will
be the man-borne system described herein. No description of ground station receiving,
demodulating or recording equipment will be given.

The objective of the parachuting study is to acquire and correlate physiological and
environmental parameters from parachutists continuously during parachuting so that
engineers in the recovery system field can design, develop and put into the cockpit more
satisfactorily human engineered personal protective and survival equipment, and to
contribute to science’s fundamental knowledge of the psycho-physiology of stressful
environments. The objective of the air-tow study is to assess human response, and
hopefully tolerance, to high-speed through-the-air-tow by operational aircraft, so that
hardware systems for effecting mid-air rescue of ejected aircrewmembers can be
developed. Mid-air retrieval is desirable in situations where the ejectee would descend
into an environment from which rescue would be improbable or where he could
immediately be captured by the enemy.



The literature was searched for references to data relevant to the above studies. No data
concerning respiration rate or opening shock/landing G forces to intentional parachuting
or to high speed through-the-air tow were found. Several workers have observed heart
rate responses to free-fall parachuting but only one of these used telemetry (reference 5).
Schane and Slinde (reference 7) used a single-channel Holter electrocardiograph system
for recording ECG from U.S. Army parachutists. These workers observed heart rates as
high as 240 beats per minute (BPM). Several jumpers maintained tachycardias of over
200 BPM for at least two minutes during parachuting. Renemann, Beckhove and
Roskamm (reference 5) used both telemetry and tape recorder systems for obtaining
heart rates during parachuting. They found that the average heart rate was 120 BPM
prior to exit, increased to 130-160 BPM at egress, and at canopy deployment ranged
from 140-190 BPM with occasional rates to 200 BPM. Instances of landing rates of 200
BPM were observed. Fenz and Epstein, (reference 2), conducting a psychological study
of parachutists, used a hardwire system for monitoring heart rates up to egress and then
again after ground impact but not during the actual jump. The above references and one
from this laboratory (reference 4) comprise the available published body of literature
germaine to this study. The authors are aware of the unpublished data of two other
workers who have obtained ECGs from parachutists throughout the jump profile
utilizing tape recorder systems.

THE DATA ACQUISITION/EMERGENCY RELEASE SYSTEM    Two third
generation 15-channel systems were developed for monitoring physiological and
environmental parameters during a study designed to observe man’s physiological
responses to high speed aerial tow. These units also incorporate a command
receiver/decoder so that the human subject can be released from the test bed aircraft via
an RF or hardwire link should conditions warrant such action. The telemetric package is
carried beneath the chest-mounted reserve parachute container. It weighs approximately
15 lbs and measures 13" x 9" x 1 1/2” (Figure 1).

The telemeter is powered by eight nickel-cadmium batteries which provide
approximately one hour of operational data when used with a one watt Microcom T-45
transmitter. Separate batteries are provided for the command release receiver/decoder
subsystem in order to provide approximately five hours continuous operation of this
emergency equipment. The batteries are packaged as a replaceable unit which enables
easy removal for charging or in-aircraft replacement.

The command release subsystem consists of a Conic CCR-200 command
receiver/decoder operating at 428 MHz. The presence of tones 13, 15 and 17 will
generate the fire command. The receiver/decoder voltage is monitored via IRIG
channel 3. This monitored voltage is only available when channel 13 is active thereby
verifying the reception of the transmitted commands. Manual firing of the release system 



is effected by the jumper actuating a switch attached to his harness and/or located on his
reserve parachute panel (see Figure 1).

To satisfy the requirement for maximum versatility and reliability while minimizing size
and power consumption a modular thick-film large-scale integration approach was used
in the design of all signal conditioning and calibration circuits. All signal conditioning
and calibration is performed in a 42 pin package which contains 13 discrete modules and
seven potentiometers. The unit measures 4.5" long, 1.4" wide and 1.5" high while
consuming less than 400 mw of power. Actual signal conditioning is accomplished by
nine modules and the calibration functions are accomplished by the remaining four.
Vector model MMO-11 microminiature voltage controlled oscillators are used to
modulate a Microcom Model T-45 transmitter at 1485.5 MHz. Figure 2 is a photograph
of the interior of a 15-channel telemeter.

Specification of 15-ch. data acquisition/emergency release system

Bio-Instrumentation System
Transmitter frequency (Microcom T-45) 1485.5 MHz
Output power 1 watt nominal
Antenna NMC Quadraloop
Number of Data Channels 15
Channel Information Band Ctr Freq (Hz)

Command release voltage/event marker IRIG 3 730
Core temperature 99± 5EF IRIG 4 960

(3) Skin temperatures 50± 20EF IRIG 5-7 1300-1700-2200
Respiration rate (thermistor) IRIG 8   3,000
Galvanic skin response (available/
not used) IRIG 9   3,900
Pressure 0-15 psia IRIG 10   5,400
Electrocardiogram IRIG 11   7,350
X Axis acceleration ± 15g IRIG 12 10,500
Y Axis acceleration ± 15g IRIG 13 14,500
Z Axis acceleration ± 15g IRIG 14 22,000
Parachute riser strain #1 IRIG 15 30,000
Parachute riser strain #2 IRIG 16 40,000
Voice IRIG E 70,000

Operating Time (approximate) 1 hour
Operating Distance (approximate) 20 Nm

Command release system
Receiver frequency (Conic CCR-200) 428 MHz
Antenna NMC Quadraloop



Sensitive tones 13, 15, and 17
Receiver sensitivity 2 microvolts
Squibb fire signal 13-15-17
Operating time 5 hours

A. Signal Conditioners. The signal conditioning circuitry modifies the transducer
signals so they are compatible with the voltage controlled oscillator inputs. Conditioning
may require amplification, level shifting, limiting, or calibration signal injection
depending upon the parameter being processed. The conditioning/calibration circuitry
consists of 13 thick-film hybrid modules. Individual amplified signals are available for
hardwire monitoring prior to multiplexing. A description of each data channel and the
signal conditioner specifications are as follows:

(1) Electrocardiogram Channel. The ECG signal is sensed by three wet electrodes
using standard dynamic environment attachment procedures. The signal is applied to an
adjustable gain differential amplifier through a relay which is used for calibration
purposes. When the calibration button is depressed a simulated ECG signal is applied to
the amplifier for channel verification. The ECG amplifier is a multi-chip thick-film
microcircuit employing three monolithic operational amplifiers. By crosscoupling the
input amplifiers a maximum differential gain of 74 db is achieved while maintaining a
unity gain for all signals common to both inputs.

Typical ECG Amplifier (MCTK 70-13)

Operating voltage ± 7 vdc to ± 18 vdc
Power dissipation (± 10 vdc) 60mw
Differential voltage gain 74 db
Common mode rejection ratio 80 db
Input impedance (CM) 100 megohms
Output impedance 75 ohms
Frequency response (3 db) 2.5Hz to 5 KHz
Input noise 4 microvolts rms
Input voltage offset 10 microvolts
Supply polarity protected 60 volts
Output current limited 1 ma
Maximum output voltage ± 3 volts

(2) Ax, Ay, and Az Acceleration Channel. All accelerations are measured by
Humphrey model LA 45 potentiometric accelerometers. Accelerometer excitation is
provided by the voltage regulator module (MCTK 70-22). Calibration of accelerometer
channels is provided by the transducer calibration module (MCTK 70-14). This module 



provides calibration levels for subsequent data reduction by alternately forcing the
accelerometer outputs from -15gs to +15gs at approximately 0.5 Hz.

(3) Pressure Measurement Channel. Barometric pressure is sensed by a Bourns Model
#441 0-15 psia potentiometric transducer mounted inside the telemetric package. The
transducer monitors the absolute pressure external to the oxygen mask (Figure 1).
Transducer excitation is provided by the voltage regulator module (MCTK 70-22).
Calibration of the pressure channel is accomplished by the same method as for the
accelerometers.

(4) Strain Measurements. Force in the parachute risers is measured by two 350 ohm
bridges excited by 7 vdc from the voltage regulator. Bridge imbalance is corrected by
two potentiometers. The bridge outputs are amplified by a dual differential amplifier
MCTK 70-15. The MCTK 70-15 consists of two separate amplifiers consisting of two
monolithic operational amplifiers giving a fixed differential gain of 48 db. Calibration of
the strain channels is accomplished by shunting part of each bridge with a 100K resistor
located in the MCTK 70-18B module.

Typical Dual Strain Gauge Amplifier (MCTK 70-15)

Operating Voltage ±7vdc to ±8vdc
Power Dissipation (±vdc) 60mW
Differential Gain 48 db
Common Mode Rejection Ratio 36 db

 Minimum Input Impedance (diff) 30 Kohms
Output Impedance 75ohms
Frequency Response (3 db) DC to 19 KHz
Input Noise 20 microvolts
Input Offset Voltage 3 mv
Supply Polarity Protection 60 v
Output Current Limited 1 ma
Maximum Output Voltage ± 3 v

(5) Voice Channel. Voice information is obtained from a standard aviator’s mask
carbon microphone. The bias for the microphone is provided by the AGC module MCTK
70-16. The mircophone output ranges from 100 mv to 1 v in amplitude thereby requiring
an automatic gain control amplifier. The AGC amplifier has a capability of a maximum
gain of 30 db. Channel integrity verification is accomplished by the injection of a 1 v
peak to peak simulated ECG wave.



Typical AGC Amplifier(MCTK 70-16)

Operating Voltage ± 10 vdc
Power Dissipation 30 mw
Maximum Voltage Gain 30 db
Input Impedance 20 Kohms
Output Impedance 75 ohms
Frequency Response (3 db) 100 Hz to 100 KHz
Output Current Limited 25 ma
Supply Polarity Protected 60 v

(6) Respiration Rate Monitor. Respiration rate is obtained by passing a constant
current through a thermistor mounted in the breath stream. By utilizing the R caused by
the effect of the breath on the self heated thermistor a pulse is generated during each
breath. Module MCTK 70-18 contains the constant current generator and an AC coupled
amplifier with adjustable voltage gain. A calibration signal is injected by module MCTK
70-17 directly into the amplifier with an amplitude approximately equal to the data
signal. The respiration rate information is available prior to multiplexing on pin 16
of J15.

Typical Respiration Rate Monitor (MCTK 70-19)

Operating Voltage ± 7vdc to ± 18vdc
Power Dissipation 20 mw
AC Voltage Gain 37 db to 42 db
Output Impedance 75 ohms
Output Current Limited 2 ma
Maximum Thermistor Current 1 ma
Supply Polarity Protected 60 v
Maximum Output Voltage ± 3 v

(7) Command Release Voltage Monitor and Event Marker. The purpose of this
channel of information is to provide a continuous indication of the command release
system voltage and an event marker for time/action data correlation. Module MCTK 70-
21 output voltage is equal to one-tenth of the command release system voltage except
when the hand held event button is depressed which causes the output to remain at
approximately 4 vdc. The instant the fire signal is initiated the command release system
voltage will decrease suddenly thereby furnishing verification of squib actuation.

(8) Voltage Regulator Module. The strain gauge bridges, AGC voltage, pressure
transducer excitation and the accelerometer excitation require a regulated voltage source.
The MCTK 70-22 is a current limited regulator providing 7.4 volts at a maximum current



of 60 ma for strain gauge and AGC signal excitation. The unit also provides 5vdc for
accelerometer and pressure transducer excitation at a maximum current of 25 ma.

(9) Temperature Channels. Temperature measurements are performed by a thermistor
in a modified bridge configuration. A constant current is passed through the thermistor
and the voltage is sensed and amplified. Yellow Springs Instrument Company precision
thermistors #44011 are used for all temperature measurements. The MCTK 70-26A
consists of a dual channel sensing amplifier adjusted for a ± 2.5vdc output for
approximately 50E+ 20EF skin temperature range. The MCTK 70-26B is a combination
of a skin temperature channel and a core (rectal) temperature channel yielding a ± 2.5vdc
output for approximately a 99E + 5EF temperature range. During calibration the
thermistor inputs are connected to precise known resistors located internal to the
modules to yield a calibration point.

Typical Temperature Module (MCTK 70-26A/B)

Operating Voltage ± 10vdc
Power Dissipation 50 mw
Maximum Thermistor Current 40 microamps
Supply Polarity Protection 60 v
Maximum Output Voltage ± 3 v
Output Current Limited 1 ma

(10) ECG Simulator. The calibration signal source consists of two major sections, a
pulse generator (MCTK 70-18A/18B) and a pulse shaper (MCTK 70-17). The pulse
generator consists of an assymetrical astable multivibrator followed by four monostable
multivibrators. By choosing the triggering signal for each monostable a series of pulses
is generated. The summing and shaping of pulses P, R, and T in module MCTK 70-17
results in a composite waveform, resembling a typical ECG wave.

B. Wiring Harness. The only troublesome area in the two previous generations of
telemetering packages has been in the wiring harness running from the subject to the
equipment. Four individual wiring cables each with 8-12 strand wire imbedded in a flat,
flexible silicon insulation with a high density twist lock 7 pin connector are used to make
up the harness. The wiring to the mask includes respiration thermistor output, carbon
mike output and additional long leads that run through the subject’s jump suit to the
hand for the event marker switch. The event switch is a thin tube with a single pole,
single throw push button switch on the end. Right and left strain link wiring carry
excitation to and signal from the 350 ohm strain gauges bonded to modified Koch quick
release units. Three skin temperature thermistors are partially imbedded in epoxy for
protection and to facilitate handling. The core temperature thermistor is enclosed in
several inches of soft plastic. Included with the temperature cables are the manual release



switch wires. Three IMI silver-silver chloride electrodes are used with the ECG wiring.
The squib firing wires are included with the electrode harness. Three feet of bungee type
wiring is added for the squib release system to allow for parachute harness movement
and stretch. In the design of the subject’s electrical harness an attempt has been made to
fabricate a system which can be used daily in this rigorous environment. Practice has
taught us, however, that most telemetry “down” time is due to damage to the electrical
wiring from subject to telemeter.

RESULTS/RESPONSE TO FREE-FALL PARACHUTING    Eighteen military
parachutists (14 USN, 4 USAF) have participated in 88 free-fall parachute jumps,
ranging in altitude from 2,000 to 35,000 ft MSL from C-47, C-130, NU-lB, H-1 and A-
3B aircraft. Subjects are instrumented approximately 1 1/2 hours before scheduled take-
off of the jump aircraft. After electrodes, transducers and the electrical harness have been
installed, a five minute record is made of ECG and respiration directly into a Brush
recorder for daily baseline comparison. The system is then checked in the RF mode. Five
minutes prior to egress from the airplane, the telemeter is turned on and calibrated. The
multiplexed signal is radioed to the ground station where it is placed on analog magnetic
tape for later data reduction by a CDC 3300 computer system. A biomedical analysis and
reduction software package has been contracted for and will be operational in the near
future. This software program will handle all parameters and 15 channels and will
analyze heart and respiratory rate on a cycle by cycle basis. Post-landing the jumper is
asked to keep the telemeter on for as long as practicable (av. 4 minutes).

Heart rate data have been acquired from military test parachutists continuously
throughout the jump profile, casually sitting and standing in the laboratory one hour pre-
jump, running vigorously on the exercise treadmill (15 min, 6 mph, level), and quietly
sitting in a low pressure chamber and aircraft at ground level and 8,000 ft MSL. Figure 4
illustrates the mean response of 17 subjects to 78 jumps. It will be observed that the heart
rate accelerates through egress to manual ripcord pull (157.7 BPM), decelerates while
descending under open canopy (140 BPM), and accelerates to attain a second peak at
landing (155.7 BPM). Mean baseline comparison data is taken one hour prior to jump
while the parachutist is seated (77.4 BPM). Novice jumpers have higher heart rates
during jumping than experienced parachutists. The heart rate of a trainee decreases as
experience (number of jumps) increases. For novices the highest heart rates are observed
at parachute deployment, whereas highly experienced jumpers often produce highest
rates at ground impact.

One subject made 11 instrumented jumps, 6 occurring before he had 50 jumps
experience (mean = 29) and 5 after he had 50 jumps experience (mean = 89). As a novice
this subject averaged 167.2 BPM at egress. As an experienced parachutist this value was
146.7 BPM, a statistically significant difference. other statistically significant heart rate 



comparisons occurred at free-fall (181.2 novice, 147.0 experienced) and at parachute
deployment (180.8 novice, 145.7 experienced).

The type of main parachute canopy used has a significant effect on the parachutist’s
heart rate. The following tabulation shows that the sporttype canopy (Para-Commander)
with its easier opening characteristics and more predictable behavior on landing induce
lower heart rates in the user than does the Navy 28' flat emergency egress non-steerable
parachute:

Heart rate (BPM) Egress Free-fall Pcht Deploy Under Canopy Landing
28' flat (n=18) 142 142 150 134 164
Para-Comm(n=19) 131 131 138 126 141

Respiration rate response to 30 free-fall jumps (10 parachutists), presents a pattern
similar to that for heart rate in that highest values occur during free-fall (30.5 BrPM),
parachute deployment (32.1 BrPM) and ground impact (30.3 BrPM) compared with
casual sit respiratory rates of 15.6 BrPM one hour pre-jump in the laboratory (Figure 5).
Casual respiratory rates from these subjects obtained on days when no jumps were made
averaged 11 BrPM. No references were found in the literature reporting respiratory rate
response to parachuting.

Opening shock forces from strain gauges averaged 830 lbs for the left riser and 801 lbs
for the right riser (1632 lbs total) during 17 jumps. Head-foot G force (+Gz/eyeballs
down) is calculated by dividing the parachutist’s suspended weight (nude weight +
weight of all equipment weight of main canopy and shroud lines) into total riser force in
pounds, Average G thus calculated is 8.34 4-Gz. One parachutist made two jumps with a
Navy flat canopy and two with a Para-Commander. Opening shock force at the risers
averaged 2370 lbs for the flat (12.73 +Gz) and 1827 lbs for the sport-type parachute
(9.82 +Gz).

The linear accelerometer data indicates average +Gz at parachute deployment of 7.4 for
all parachutes and subjects tested (n=48). Average transverse (±Gx) at opening is 6.8.
There is approximately a 1 1/2 G attentuation when comparing linear accelerometer and
strain gauge data, as expected, due to the cushioning effect of the accelerometers’
location in the telemetric package.

RESULTS(PRELIMINARY)/RESPONSE TO HIGH SPEED THROUGH-THE-
AIR TOW    Subjects are towed 400 ft behind a C-130 flying at 8,000 ft MSL for an
average duration of 15 minutes. Subjects are attired in Navy winter flying suits (2.5 clo
units). Speed is increased in 10 knot increments from 110 to 150 KIAS. In preliminary
tests heart rate increased linearly with speed to 150 knots. In one subject heart rate
averaged 108 BPM one minute prior to launch, 128 BPM at egress, 171 BPM at 110



KIAS, 174 BPM at 120 KIAS, 176 at 130 KIAS, 178 at 140 KIAS and 182 at 150 KIAS,
which is an increase of 50 BPM over his mean response during the most critical phases
of freefall parachuting. Respiration rates vary between 16-40 BrPM with little
correlation to the speed of tow. Windchill, due to convective cooling, was hypothesized
to be the limiting physiological factor. However, with the winter flying suit and an
outside air temperature of approximately ±10EC, surface temperature thermistors (hand,
neck, calf) and a rectal thermistor, and the subjective report of the parachutist, indicated
no chilling. Skin temperatures at 140 KIAS averaged 27EC and rectal temperature 39EC,
compared with pre-tow data of 28EC (surface mean) and 39EC (rectal mean). Strain
gauge data (riser quick-release hardware) indicate that at a steady 140 KIAS, forces
average 460 lbs for both risers, or a calculated 2.4+Gz. Subjectively, the test parachutist
fatigues rapidly (the high work output possibly preventing body cooling), and report that
pressures imposed by the airstream increase greatly between 140-150 KIAS but not
between 110-140 KIAS.

CONCLUSIONS    The FM/FM telemetry multi-channel physiological/forcefield data
acquisition systems described herein have enabled day to day monitoring of ECG,
respiration rate, riser forces, accelerations, jumper’s voice, event marking, core and skin
temperatures and barometric pressure from test parachutists participating in intentional
parachute jumps and being towed behind aircraft at high speeds. Maintenance and turn
around time has been quite acceptable, considering the rigorous use to which the
telemeters are put. The principal problem area has been maintaining integrity of the
electrical wiring harnesses from sensors to telemeter. Multiplexed data are received on
the ground, and placed on magnetic analog tape for later automatic data reduction via a
CDC 3300 computer system. Simultaneously, the multiplexed signal is demodulated and
a high quality oscillograph is produced real-time.

Extremely high tachycardias have been observed from most parachutists participating in
this study, including highly experienced jumpers, when compared with the heart rate
response to other stressful aerospace environments such as astronauts during
extravehicular activity (reference 1), Navy A pilots launching and recovering aboard
aircraft carriers and making actual bombing runs in Vietnam (reference 3), and Air Force
test pilots flying demanding F-104 missions (reference 6). Parachuting thus appears to be
an acute psycho-physiological stressor with unequivocal life versus death implications
should parachute equipment, or parachutist, fail to operate properly. Although the degree
3f arousal is greater in novice jumpers, parachutists do not appear to habituate
completely to freefall parachuting with experience. Continuing multi-parameter accrual
of physiological and force data via RF telemetry from parachutists may elucidate the
mechanisms responsible for the high tachycardias and breathing rates and will enable
engineers to design personal protective equipment more in consonance with normal
human functioning.



Preliminary experiments indicate that experienced military test parachutists can tolerate
the environment imposed by 110-150 KIAS tow 400 ft behind C-130 aircraft at 8,000 ft
with 10EC outside air temperature when wearing a Navy winter flying suit. A man-borne
15-channel telemetry system provides real-time physiological monitoring of towed
subjects as well as providing a flight/subject safety RF and hardwire emergency release
subsystem.
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Figure 1. Parachutist attired for jump showing 15-channel FM/FM telemetry data
acquisition/emergency release system location beneath reserve parachute

Figure 2. 15-channel telemeter showing interior components and rugged construction.
Thick film signal conditioning modules are located within chassis labelled
“chip” circuits.



Figure 3. Section from real-time oscillographic record of parachute jump utilizing 9-
channel bio-telemeter. Note jumper’s voice and event marker channels.



Figure 4. Mean hear rate response to free-fall parachuting (78 individual jumps; 17
parachutists). Solid, dark line = mean. Broken vertical line = standard
deviation.

Figure 5. Mean respiratory rate response to free-fall parachuting. The solid dark line
is the mean (n=30). The broken vertical lines represent standard deviation.


