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MAP, A MODULAR DESIGN CONCEPT FOR RECOVERABLE
SCIENTIFIC ROCKET-BORNE EXPERIMENTS1

W. W. WRIGHT
Division of Atmospheric and Space Sciences

Southwest Center for Advanced Studies
Dallas, Texas.

Summary    A series of scientific payloads have been built and flown aboard Nike
Apache Rockets. During the design phase heavy emphasis was placed upon realizing a
modular configuration both structually and electrically. The payload was divided into
two sections according to functions. The support section included such things as
telemetry, batteries, power supplies, timing, aspect sensing and programming facilities.
The experiment section was composed of six independent experiments each provided by
a different group. Each experiment was built to conform to the shape factor, and
electrical requirements of the payload.

This paper will discuss the modular nature of the experiments only. The theoretical and
instrumental features of the different experimental problems are to be published in other
literature along with the research results from the 1969 flight program. The features of
the support system which make for maximum modularity will be emphasized in this
paper.

Introduction    Rocket investigation of atmospheric phenomena usually involves the
assembly of several complex and interrelated experiments into a composite payload. The
rocket vehicle will determine the overall weight and size restriction for a given payload
to achieve a predicted trajectory. So for any given scientific objectives a vehicle must be
selected which will provide the trajectory required. If the scientific instruments that
make up a payload are carefully analyzed it will usually be found that a savings in
weight and cost can be achieved by the use of common equipment to provide power,
timing, data handling and telemetry function. Such considerations led to the design of the
MAP payloads.2 A comprehensive experimental investigation of high-latitude
disturbances during high levels of solar activity was the basic scientific objective. This



objective could only be accomplished by a payload of multiple experiments, each
providing detailed observations. It was also envisioned that it would be desirable to
make program changes to instruments as well as to substitute new or different
experiments on successive flights of the payload. Payload recovery is considered
essential to a continuing program. It was decided that these requirements could be met
through the use of modular experiments combined with a flexible support section
equipped with a convenient means of programming the various services required for the
experiments.

Every effort was made to forsee the possible requirements of the substitute experiments
and to incorporate the facilities necessary to accommodate the change. In addition, the
programmer was designed to allow a maximum of changes in the field on very short
notice.

This modular concept combined with a programmable support section will make it
possible to achieve many rocket flights with only a few payloads by the use of a suitable
recovery system. The Capache recovery system has been flown on four (4) successful
recoveries of the MAP payloads this year (1969). There are many economic and
scientific advantages possible through the use of modular-programmable-recoverable
payloads.

The modular concept together with a reliable recovery system will make rocket-borne
experiments more practical for use in graduate education programs. The cost of the
experiment will be less, because advantage can be taken of the programmable support
functions available in the support section of the payload.

A failure of a particular instrument will have less severe results on a graduate program
since it may be possible to correct the fault in the recovered instrument and fly it again
on a later flight.

In the following section, particular attention will be given to the features of the MAP
payload system which are associated with the modular programmable concept.

Structural Features    The basic structure for the MAP payloads has been dictated by
the Nike Apache vehicle. Although oversize payloads have been flown it is best for
aerodynamic reasons to make the payload appear to be an extension of the second stage.
The payload consist of instruments mounted inside four vertical struts with a cylindrical
tube forming the outer skin of the system. Figure 1 is a photograph of the inner structure
along with a fully assembled structure and housing. The inner structure is attached to the
housing by bumpers located two-thirds of the way from the base to the nosecone.



Each experiment is packaged in a substructure which makes it mechanically independent
of and removeable from the payload. The experiment substructure then mounts to the
payload structure which is common to all experiments.

An experiment substructure is shown being removed from the payload structure in
Figure 1. An experiment substructure height may be any multiple of one inch. Usually
they are limited to six or seven inches of vertical space. In dross-sectional area the
experiment substructure must fit within the payload struts and not have any projection
which would interfere with the housing as it is slipped over the payload.

Electrical Characteristics    The encoder unit of the support section provides the
principal interface with the experiments. Programming of the support function is
accomplished in this unit. Each experiment makes electrical connection with the payload
through a single 25 pin D series subminiature connector. The encoder unit provides six
mating D connectors to receive the cables from six modular experiments. Ten of the
twenty-five contacts have fixed assignments in a standard arrangement. The fixed
assignments include the power supply voltages, bit rate clock and the PCM input line.
The remaining 15 lines are taken to a 300 point patch board where a unique arrangement
of payload services is patched to each experiment. This patching capacility is the heart of
the modular concept insofar as the electrical features are concerned. The payload
services that are available on a patch up basis include:

(1)   Umbilical Cable - Test and checkout of the payload is accomplished remotely
through a 27 contact fly-away umbilical cable. Fourteen of these lines are available on
the patch board for distribution to the experiments.
(2)   Analog TM Channels - An FM/FM telemetry system consisting of 12 IRIG channels
is employed on the MAP payload. Eight of these analog channels are available on the
patch board for assignment to the experiments.
(3)   Logic Timing Signals - A major portion of the data transmitted from the MAP
payload is in digital form. To facilitate timing and synchronization of the experiments
with the payload encoder, logic timing signals are available on the program board for
patching to the experiment. These timing signals range from the master oscillator at 256
KHz down to the slowest signal having a period of approximately 34 minutes. These
signals are derived from the master clock by means of a binary ripple counter. Fifty-eight
lines are available for patching to the experiments.

(4)   Event Timing Signals - An event sequencer, independent of the digital logic, is
activated by a ten thousand foot altitude switch. Four electronic timers are available to
provide such events as range change, high voltage turn-on, door ejection, power on, and
power off. Eight lines are available on the patch panel to facilitate distribution of the
event timing signals to the experiments.



(5)   PAM Channel Inputs - A thirty channel PAM commutator is provided for use by the
experimenters and the payload engineer in determining the GO-NO-GO condition of the
payload and each individual experiment. Four teen PAM channels are available to be
patched to the experiments. The remainder are utilized for frame synchronization and
housekeeping functions. The PAM frame is synchronous with the PCM frame at a rate of
31.25 frames per second. This allows correlation of data on PAM to the PCM. PAM is
transmitted via IRIG channel F.
(6)   PCM Word Data - Six P04 word gate outputs are brought to the program patch
board. The PCM word assignments are agreed upon a t the time the experiment is
accepted for flight on the MAP payload. The PCM frame consist of sixty-four 8 bit
words. The digital bit rate is 16 KBS. The PCM word gates are programmed by inserting
a logic module into a matrix of timing signals. The logic module combines signals using
combinational logic to generate the desired word function. The word gate furnished to
each experiment is regenerated and supplied to the digital bit stream. Eight of the sixty-
four words are used for house-keeping and synchronization. The remaining fifty-six
words are available for relaying experiment data. PCM is transmitted via channel H.
(7)   Digital Monitor - Sixteen bits have been assigned as digital monitors for on-off type
functions. These monitor lines are available on the patch board.

The available services will be assigned by the project scientist on the basis of need and
overall importance to the scientific objectives of the planned rocket flight. In general the
assignments will be worked out well in advance of the payload test and checkout phases
of the program. However should the need arise, extensive programming changes can be
accomplished on short notice. Most changes can be accomplish ed by a wiring change in
the patchboard of the encoder unit.

The fixed assignments for the connector are as follows:

1.-   +15 VDC 6.-   100 VAC p.p. 32 KHz
2.-   -15VDC 7.-   CKT/PWR Gnd
3.-   -6.3 VDC 8.-   PCM Data
4.-   +3.5 VDC 9.-   Bit Clock 16 KHz
5.-   +30 VDC 25.-   Chassis Gnd.

Aspect Instrumentation    The payload instrumentation includes magnetic aspect and
solar aspect measuring instruments. The m.agnetometer used is the Heliflux. Type
RAM-5C manufactured by Schonstedt Instrument Co.

A solar cell in combination with a discrete operational amplifier is used for solar sensing.

Payload Power    The payload primary voltage is derived from a package of 20 HR3
batteries. The secondary voltages are produced by a set of highly efficient switching



inverter/converter regulators. A single modular experiment would normally be alloted
one-sixth of the available power from each of the supply voltages. The power available
for assignment to experiments is obtained by appropriately derating the power supplies
and substracting the support requirements. Typically an experimenter could expect the
following power to be available for his modular package.

1) +3.5 VDC, 1.000 amperes
2) -6.3 VDC, .300 amperes
3) -15 VDC, .150 amperes
4) +15 VDC, .300 amperes
5) +30 VDC, .200 amperes
6) 100 Vpp, 32 KHz, .010 amperes p-p

Each of the links supplying power to the experiments is protected from overload by
either a fuse or a current limiting transistor circuit.

System Checkout   Each experiment is fully tested with the payload support system to
verify the settings of the programmer, power requirements, and data interface. The
mechanical assembly is checked for proper clearance and field of view of all sensors and
external attachments.

The checkout will generally be divided into three stages. The first stage checkout will
consists of checking the individual experiments for overall compatibility with the
payload support sections. After all experiments have successfully completed stage 1, a
complete payload is assembled and tested to insure against interference of one
experiment with another. This test also provides assurance that the payload support units
will function properly under full load conditions. This second stage checkout is the final
check before the system is available for shipment to the rocket range.

The third stage checkout is that which can be conducted under count down conditions.
At the rocket range a large portion of the second stage checkout may be repreated prior
to taking the payload to the launcher. Once the payload is on the launcher, the checkout
will normally be done remotely by means of the umbilical cable and the telemetry
system. Each experiment will be assigned two umbilical lines and two PCM channels
from which he must be able to determine a GO or NO-GO condition for a particular
instrument. The umbilical cable and the telemetry system. Each experiment will be
assigned two umbilical lines and two PAM channels from which he must be able to
determine a GO or NO-GO condition for a particular instrument. The umbilical lines
should be used to initiate calibrate functions which can then be monitored on the PAM
channels to determine the status of the payload.
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Qualification Testing    Prior to the second stage of system checkout each instrument
must have been qualified by appropriate vibration testing as specified by NASA-
Goddard for the Nike Apache vehicle.

Recovery    The MAP payload has been designed for use with the Capache recovery
system. The Capache system provides parachute recovery of payloads up to 130 pounds.
The payload location is normally determined by radar impact data. A helicopter is
vectored to the impact position by voice contact with the radar site personnel. A CW
Beacon is normally flown as a recovery aid. In general the payload will impact at 20 to
30 feet per second when coming in on the Capache parachute. Since most auroral rocket
studies are conducted at night and the helicopters can only fly during daylight, the
payload must withstand the moisture and cold of the impact location. This usually means
temperatures of -20EF for periods of eight hours or more. Figure 2 illustrates a recovered
payload from a recovery flight at Churchill Research Range in February 1969.

The recovered payloads may be rechecked and flown again within a period of several
days. Usually selected instruments from the recovered system will be reflown during the
same launch period. This refly capability of a recovered instrument offers the
opportunity to adjust gains, windows, or otherwise to repeat the test for calibration
purposes.

Data Analysis    The FM/FM telemetry signals are recorded on instrumentation tape by
the range TM section. The Churchill Research Range has the capability to provide
extensive paper records as well as magnetic tape records of flight data for each launch.
With proper planning the scientist may obtain a good qualitative quick-look at the data
gather ed during the flight. Good quick look data will enhance the possibility of
improving the settings for further flights in the same campaign.

In addition to the quick-look data from Churchill, SCAS has developed a series of
computer programs for processing PCM, PAM, and analog data through the IBM 360/50
computer.3 The large volume of data available from the PCM input makes automated
data reduction highly desirable.

Conclusion    The experience gained to date using the modular programmable technique
has proved satisfactory for the five launches completed to this time. A second series of
flights has been planned for early 1970 which will further expand the MAP concept.



Figure 1.  Modular Payloads Undergo System Integration.

Figure 2.  Modular Payload Recovery at Churchill Research Range




