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ABSTRACT

In the development and design of parachutes, select data parameters are required for
evaluation. These parameters give the designer dynamic information in actual
environments providing stress, load, and glide ratio information. At present this
information (altitude, rate of descent, total velocity, acceleration, dynamic pressure and
attitude), is obtained by the use of space positioning methods. Meterological data, used to
calculate some of these parameters, are obtained from rawinsonde balloons which are
launched one half to two hours before and after the drop test. Typical combined data
accuracies are on the order of plus or minus f ive percent with most of these errors being
ascribed to the fact that the weather data is not taken at the time of the test and
atmospheric conditions change rather quickly during the morning hours when the tests are
typically done. A method has been developed which will measure meterological data real
time. Direct measurements are taken via transducers ie. pressure, acceleration, attitude,
temperature and humidity. These transducers are combined in the microprocessor circuitry
to obtain final data prior to solid state recording or transmission.

This paper will describe the methods and justifications for pursuing a different type of data
gathering system.

INTRODUCTION

The present method of data gathering involves space positioning methods and rawinsonde
weather balloons. As an example, Cinetheodolite cameras are spaced about the drop zone
and operate at two frames to five frames per second. These cameras provide space
positioning information from which much of the recovery vehicle data is obtained.
Typically data is between one and eight feet of altitude up to an altitude of fifty thousand
feet. Velocity data is generally +/- 10 feet per second (20% off at 50 ft/sec descent).
Meterological information is gained by the releasing of rawinsonde balloons usually



released before and after the drop test and the results are averaged. Accuracy is within
about 3.1 percent for temperature and relative humidity when applied to the calculation of
air density and 1.6 percent when applied to the ciculation of total velocity (see Table 1).

Problems exist in that space positioning methods such as Cinetheodolite cameras give
velocities with respect to earth, while for recovery system deployment purposes, velocity
with respect to the relative wind is important. On board deployment decisions with respect
to velocity are difficult to intiate which hampers the test capability of the system.
Meterological information is not taken at the time of the test which introduces inaccuracies
into the data. Since meterological information is used to calculate total velocity it is
preferable that these measurements be taken on board the vehicle to enhance the decision
making capabilitles of the recovery vehicle.

It is because of the above problems that an on board real time system for acquiring data is
being researched.

PRESENT SYSTEM UNDER DEVELOPMENT

Figure I depicts, in block form, the present system being developed. Applicable
transducers are interfaced with the necessary signal conditioning to provide low noise
outputs for microprocessor circuitry and telemetry circuits. With this system, on board
measurements, calculation and updating of information can be accomplished within the
recovery vehicle. Transducers comprise the front end of the system from which the
following parameters are derived (see Table II). These are generally off the shelf items.
Pressure altitude is derived by measuring pressure both at the surface and at altitude. The
differential equation for a standard atmosphere:

(1)

(2)

and finally reduces to useful form:

(3)

Z = the pressure altitude
P = the atmospheric pressure at altitude
Po = the atmospheric pressure corrected to sea level. K can be precalculated and stored in
the microprocessor memory circuits for future recall during the drop test, see Table III. For
pressure measurement a static plezoresistive absolute pressure transducer was chosen.



Qualities such as fast risetime ( 20 microseconds or less which was emphasized due to the
high anticipated free fall velocity of some of the recovery vehicles), low hysteresis and
high repeatability were concentrated upon. Rate of descent velocity after canopy
deployment (Vz) is the derivative,

(4)

which is obtained from the static pressure transducer within a time interval. A difference in
pressure altitude is stored in the microprocessor during a programmed time interval, Vz is
calculated on board and raw data is telemetered to the ground. After a time interval, Vz is
again updated. Acceleration in any axis is measured directly by a triaxial accelerometer.
This information is important in measuring “g” loading especially during line stretch and
opening shock. Total velocity (Vt) Is obtained by measuring dynamic pressure (q) and
calculating air density (D) where

(5)

Since recovery system deployments are initiated with reference to a particular airspeed, Vt
is an important decision making parameter, and is also important in that it gives velocity
with respect to air not ground. Dynamic pressure (q) is directly measured by a differential
pressure transducer housed in a pitot-static system. Dynamic pressure measurements will
be applied both to pre recovery system deployment and average rate of descent after
complete deployment. Table IV gives some comparative data for Vt and q at constant D.
Air density (D) is derived from temperature, pressure and relative humidity. These three
contributors to the calculation of air density can be measured directly by on board
transducers. Air density is derived as follows:

(6)

P = static pressure
Tv = virtual temperature which is dependent on absolute temperature (Tk in Kelvin), static
atmospheric pressure (P In millibars), and water vapor pressure (E) then:

(7)

(8)



Tc   = degrees centigrade
RH = percent relative humidity
then E and Tv can be combined with 348.38 P/Tv to obtain:

(9)

This gives air density (D) in units of grams per cubic meter. Multiplying D by
6.242621 @ 10-5 gives weight density in units of pounds per cubic foot or multiplying P by
1.940510103 @ 10-6 gives mass density in units of slugs per cubic foot. Temperature will be
measured by a platinum transducer element for fast risetime capabilities and relative
humidity will be gathered by a capacitive thin film element which has a fast risetime along
with reusability. Canopy-load system oscillation is measured directly by a pair of attitude
gyroscopes which will be telemetered directly for information storage in the ground
computer.

ERROR CONTRIBUTIONS

The major contributor to error in the system is the transducer itself. Microprocessor error
is minor (on the order of 1 part in 64000 or .0015%). Pressure transducer errors are
expected to be at a maximum of .5% f rom 0-200 F before calibration. Table V gives an
example of pressure altitude error and error contribution from each constituent, derived
from an initial measurement error. Error in pressure measurement, therefore, will be the
major factor of error in calculation of air density, pressure altitude and rate of descent.
Total error for the system is expected to be plus or minus three percent of stated values or
better, This is reasonable since recent tests have netted an accuracy within +/- .1% for the
transducer.

SYSTEM ADVANTAGES

Advantages in developing an onboard data meaurement system include:  better accuracy
(minimum +/- 3%), much lower cost of approximately $1000.00 per test instead of
$5000.00 - $7000.00 per test. The ability of the system to make deployment decisions
based on real time data inputs, decisions which are based on air data and not ground data,
immediate automatic data reduction, and redundancies which are built into the system in
the event of a failure. On board solid state data recorders will further enhance system
accuracy with telemetry also serving a redundancy role in case of recovery system failure.



CONCLUSION

In considering a different approach to recovery vehicle data aquisition, cost reduction and
higher accuracies are primarily important. For deployment initiation purposes, gathering
data with respect to air is a primary goal which serves to keep real world conditions in
mind. At this writing tests have been initiated on the pressure transducers for hysteresis,
repeatability, temperature effects and accuracy of reading. Initial results have been quite
favorable and further development will continue through a four year program (completion
1986).

Table I.

Air density/total velocity % error is based on weather data obtained over a time period
during the fall and winter months for a typical clear test day.

Meterological data (N.O.A.A.)

Time Pressure Temperature Relative humidity Air density Error diff.

0800 946.19 mb 3.89EC 60% 1187.53 9/m3

3.1%

1000 948.45 mb 13.3EC 37% 1150.90 g/m3

Total velocity

Time Air density Total velocity Error diff.

0800 1187.53 g/m3 51.67 ft/sec

1.6%

1000 1150.90 g/m3 52.49 ft/sec



Table II.

Required individual parameters determined by on board recovery vehicle measurements.

Relation Function of Nomenclature Units

1.   Altitude P z Feet

2.   Rate of descent dz/dt )P Vz Feet/sec

3.   Acceleration Direct A Feet/sec2

4.   Total velocity D and q VJ Feet/sec
       before deployment

5.   Dynamic pressure Direct q Lb/ft2 or lb/in2

6.   Static pressure Direct P mb(for calc)

7.   Density (for 348.38 P/Tv Tc, P, RH D Slugs/ft3

       calculating Vt)

8.   Temperature Direct Tc EC
        (celsius)

9.   Humidity Direct RH %

10. Attitude Direct EN from
incident



Table III.

Variation of K with respect to altitude Z.

Z feet K @ 10-55
100 3.617

1,000 3.627
2,000 3.639
3,000 3.651
4,000 3.665
5,000 3.677
6,000 3.691
7,000 3.704
8,000 3.717
9.000 3.730

10,000 3.740
20,000 3.889
30,000 4.048
40,000 4.219
50,000 4.336
60,000 4.414



TABLE IV.

Dynamic pressure with respect to air velocity at constant density.

D = 1.89 @ 10-5 in units of slug/ft in2 [0.08709 lb/ft3 ÷ 32 ft/s2 ÷ 144 in2 /ft2

V is in units of feet per second

q is dynamic pressure in units of pounds per square inch

where

V ft/s q lb/in2

15 2.13 @ 10-3

20 3.78 @ 10-3

50 2.36 @ 10-2

100 9.45 @ 10-2

200 3.78 @ 10-11
300 8.51 @ 10-1

400 1.51
500 2.36
600 3.40
700 4.63
800 6.05

1100 (Mach 1) 11.44



FIGURE 1
Block diagram of the recovery vehicle measurement system.



Table V

This table represents pressure altitude error with the values:

P = 13.2 psia (pressure at altitude)
Po = 14.7 psia (sea level pressure)
K = 3.64699 @ 10-5 (constant)
Z = altitude

where

Percent error in altitude is calculated from a percent error in pressure at altitude, the
percent error in pressure at sea level, or the percent error in the calculation of the constant
(K). This is initialized from a percent error in transducer measurement. Total error is the
root sum of the square of p, po & K thus giving the worst case in that percent error area.

Transducer P % of Po % of K % of Z
measurement % error total error % error total error % error total error % total error

% error

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.1 -0.928 47.45 0.928 47.45 -0.1 5.10 1.32
0.1 0.928 47.44 -0.928 47.44 0.1 5.11 1.32
0.25 -2.32 47.45 2.32 47.45 -0.25 5.10 3.29

-0.25 2.33 47.44 -2.33 47.44 0.25 5.11 3.30
0.50 -4.63 47.45 4.63 47.45 -0.50 5.09 6.56

-0.50 4.66 47.44 -4.66 47.44 0.50 5.12 6.61
0.75 -6.94 47.46 6.94 47.46 -0.74 5.09 9.84

-0.75 6.99 47.44 -6.99 47.44 0.76 5.12 9.91
1.00 -9.24 47.46 9.24 47.46 -0.99 5.08 13.10

-1.00 9.34 47.43 -9.34 47.43 1.01 5.13 13.25


