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Abstract

The space shuttle has been flying for seventeen years and NASA plans to fly it for many
more. To meet the requirement of supporting future flights, NASA has undertaken a
Shuttle Upgrades Program to improve various shuttle components. The avionics on the
solid rocket booster (SRB) is one of the areas being upgraded. To develop avionics
hardware, the environments that they are to encounter during flight must be defined to a
higher degree of fidelity than is currently available. This paper describes the effort to
determine these environments via the use of a commercial off the shelf data acquisition
system

Keywords

Data Acquisition System, Commercial off the Shelf (COTS), Space Shuttle Upgrades

Introduction

The space shuttle is consists of three major components: the orbiter, the external tank
(ET) and the solid rocket boosters (SRB). The SRB is made up of a segmented solid
rocket motor and booster assemblies (see Figure 1). These components are combined to
form the solid rocket booster flight configuration.

The SRB’s experience severe environments during their brief flight. During the last few
years several SRB’s have sustained noticeable structural damage. To support shuttle
flights in the future, one of the areas on the SRB’s that will require upgrading is the
avionics. The data that define SRB flight environments (vibration, thermal and structure)
will have to refined in order to support the selection and fabrication and of the SRB’s
avionics upgrades.



Figure 1.  The space shuttle solid rocket booster consists of a solid rocket motor and
major subassemblies: the forward assembly and aft assembly. These components
are combined with the orbiter and external tank to form the shuttle flight vehicle.

Previous SRB data acquisition systems did not provide sufficient data to support the
development of new avionics hardware. During the mid-1990’s the SRB Project Office
requested that Marshall Space Flight Center’s (MSFC) Science and Engineering
Directorate (S&E) develop a stand alone data acquisition system that could collect data
from any area of the booster. To minimize the development time and cost, the
development team used state-of-the-art commercial off the shelf (COTS) equipment. This
paper summarizes the effort to develop, test, qualify and fly this data acquisition system
to meet SRB flight and data collection requirements.

System Requirements

In support of the Upgrades Program, MSFC began evaluating options for collecting SRB
data. An existing data acquisition system was evaluated for reuse. However, the cost to
re-fly it was prohibitive, primarily because of the system’s dependence on external
power, and the requirement to run cables through the SRB systems tunnel. The MSFC
Structures and Dynamics (S&D) Laboratory, in association with the MSFC SRB Project
Office, established a set of requirements for a compact, stand alone data acquisition
system:

• Compact, light weight, stand-alone (internal power, data storage, time coding)
• Software-programmable
• Minimum sample rate 100 Hz with a goal of 5 kHz
• Capable of surviving harsh ascent, descent and splashdown environments
• Capable of accommodating multiple data inputs:
• Thermocouples, resistant thermocouple devices (RTDs)
• Heating gauges
• Strain gauges



• Pressure transducers
• Accelerometers.

Development Approach

MSFC performed a study to determine the cost effectiveness of developing and
manufacturing the system in-house as opposed to contracting an outside source. The
study recommended an in-house effort, and predicted a three-year concept-to-flight
development time. The study also recommended taking maximum advantage of
commercial off-the-shelf (COTS) components.

MSFC consulted with its Shuttle Integration contractor, Boeing North American (BNA),
who was in the process of conducting remote data acquisition trials on military and civil
transportation platforms. BNA performed an analysis of available data acquisition
systems. The SoMat Model 2100 Field Computer was selected after passing preliminary
outgassing and functional testing.

The formal program to develop an Enhanced Data Acquisition System (EDAS) was
initiated in February 1997.

EDAS Enclosure

The EDAS enclosure, designed and machined at MSFC, is made of aluminum. . The size
of the enclosure was based on two major considerations: space availability in the SRB aft
skirt (one of the locations the EDAS was originally to be installed) and the size of SoMat
“stack” components. Enclosure weight including the SoMat unit is 13 lbs.

The MSFC (S&D) Laboratory conducted an analysis to determine the optimum enclosure
size. MSFC generated a rapid prototype model of the enclosure and used it for a fit check
on an aft skirt to ensure the enclosure size was accurate.

EDAS Electronics

The SoMat Model 2100 Field Computer consists of a processor, memory board, a
power/communications module, a DC-DC converter, and as many analog transducer
modules (channels) as are required by the user. The EDAS SoMat units contained six
channels each. Figure 2 provides a cutaway view of the SoMat 2100 Field Computer.

To fit the EDAS enclosure, it was necessary to replace the straight SoMat (Lemo)
connectors with 90-degree (Lemo) connectors. MSFC technicians strengthened the 30-
guage wire/connector interface by adding heat-shrink tubing.



The standard SoMat unit uses three 9-volt batteries in series. A DC-DC converter
provides a range of 18-36 volts. The battery configuration provides 3.5 hours of operating
time. The contingencies involved in spaceflight, however, mean that shuttle flight
hardware can be stored for up to six months prior to use. SoMat provides a “sleep mode”
that can be programmed to activate the system at a given date and time. MSFC identified
requirements for a momentary inertial switch. Because of the limited area provided by the
EDAS enclosure, the switch was required to be smaller than any existing product. MSFC
also required that the switch close and complete the power circuit upon experiencing .75
units of gravitational force (Gs) in the x direction only.

Figure 2.  Cutaway diagram of SoMat unit inside enclosure (crosshatched).

EDAS Software

The SoMat unit is software programmable and the software was supplied with the units.
Therefore, MSFC did not develop any software. However, MSFC requested that SoMat
add an arming command feature to its software. On the current configuration, power is
applied to the unit at all times via the internal batteries, and the unit is activated when the
user initiates the start command. With the arming command, the SoMat unit does not
collect data until power is applied. The arming command is now a standard feature of the
Model 2100 software.

EDAS Sensors

All EDAS sensors were procured from commercial sources. The sensors were selected
and installed by MSFC and the SRB prime contractor, USBI, especially for EDAS.



Sensor types and associated measurements are provided below:
• thermocouple - interior air temperature
• platinum resistant thermal device PRT - interior skin temperature
• calorimeter - exterior skin heat flux
• pressure transducer - interior pressure
• accelerometer - vibration
• strain gauge - strain loads.

EDAS Qualification Testing

The MSFC S&D Laboratory performed vibration testing on an EDAS unit to qualify it
for flight. The focus of the testing program was to qualify the enclosure for flight. A few
of the problems that occurred during the qualification testing are described below.

When qualification testing began, plans called for EDAS to be installed in the SRB aft
skirt. The aft skirt impacts the water at splashdown. As a result of qualification
(vibration) testing, the decision was made to install EDAS in the forward skirt, insulating
the unit from the shock of water impact.

 The qualification unit was tested in x, y and z axis for the equivalent of 20 mission
cycles of liftoff, ascent, and water impact vibrations. The magnitude of vibration was
three times the nominal frequencies as currently defined by early 1980s developmental
flight instrumentation (DFI) data. The three-sigma factor of safety is standard for the
space shuttle program. The worst-case vibration applied during testing was 200 Gs,
simulating water impact.

The following problems were encountered and corrected during vibration testing:
1. The captive screws that hold the SoMat modules together backed out, causing

broken bus pins. The problem was corrected by applying Locktite to the screw
threads.

2. The screws on the SoMat memory board also backed out. This condition was
corrected by applying Locktite.

3. Vibration of the SoMat DC-DC converter (supplied by Datel) caused the
connectors between the converter and the circuit board to break. SoMat uses two
vendors for DC-DC converters. SoMat provided a unit with a converter supplied
by Calex. The Calex unit passed all vibration testing.

4. SoMat DC-DC converter modules, jumpers and fuses backed off, causing loss of
power. This problem was corrected by bonding them with a silicon-based adhesive.

5. The 3.5-volt lithium battery on the SoMat power/com module became detached.
The problem was corrected by bonding the battery to the printed circuit board with
a silicon-based adhesive.



6. During its first vibration test, the internal components of the prototype G-switch
were forced out through the potting material located at the opening used during
switch assembly to insert the wiring. This problem was corrected by drilling a hole
through the side of the switch housing, and inserting a pin to further prevent
movement of the switch wiring.

EDAS Configuration/Operation

EDAS consists of a SoMat Model 2100 Field Computer, enclosure, G-switch, relay,
internal cables and connectors, and a 55-pin J-1 connector. See Figure 3 for an EDAS
block diagram.

An original goal of the EDAS program was to achieve a sample rate of 5 HKz. The
SoMat unit provided a sample rate of 1500 sample per second.

Figure 3.  EDAS block diagram

A laptop computer was used to program and calibrate the EDAS prior to flight and to
download data from the EDAS after flight. SoMat software provided the interface
between the EDAS and the laptop computer. The software is used to calibrate/configure
the SoMat unit. Each channel is calibrated separately.

MSFC developed an EDAS unit tester to provide the capability to functionally test an
EDAS unit. The unit tester can be operated on either internal, 27-volt battery power, or
external DC power. The unit tester provides a jumper mode to allow the switching of an
EDAS between internal or external power. This allows the calibration of an EDAS unit
without using the EDAS internal (battery) power. Using the unit tester power source or
the EDAS batteries, the unit tester simulates the EDAS code plug, tripping the circuit
between the g-switch and the relay. This activates the g-switch to allow for functional
testing of the EDAS unit.



EDAS Installation

United Space Alliance (USA), the shuttle processing contractor at Kennedy Space
Center, installs, calibrates and arms the EDAS units inside the SRB forward skirt. Each
EDAS unit is mounted to the SRB structure by four bolts, one of which serves as ground.
USBI installs the sensors and cables linking the sensors to the EDAS units.

Prior to the closing of the forward skirt doors, the code plug (jumper wire) is installed,
completing the circuit between the G-switch and the latching circuit. The EDAS units can
then sit until the shuttle vehicle is ready for flight.

EDAS First Flight

Four EDAS units were installed in the forward skirt on the right hand booster for shuttle
mission STS-91. The launch occurred on June 2, 1998. The mission ended with the
orbiter landing at Kennedy Space Center on June 12.

Data were collected on 21 of the 24 EDAS channels. The two accelerometers each
required a filter module. One strain gauge malfunctioned during calibration during flight
processing at KSC. The decision was made to proceed without the sensor.

After SRB recovery and upon post flight inspection, USBI technicians noted no damage
to or displacement of the EDAS units. USBI removed the EDAS units and provided them
to the MSFC team for inspection, data download and refurbishment.
Close inspection by EDAS technicians also revealed no physical damage to the EDAS
units. After downloading the data, it was concluded that all required data was captured
and recorded with no anomalies.

Figure 4 shows a nominal shuttle mission profile, and the major events of interest to
MSFC SRB engineers: liftoff, ascent, SRB separation, SRB descent, main parachute
deployment, and splashdown (water impact). Sample plots of interior air temperature,
exterior skin heat flux, and vibration data as recorded by individual EDAS channels are
provided and correlated to the ascent/descent profile.



Figure 4.  EDAS STS-91 interior temperature, exterior skin heat flux, and vehicle vibration data
correlated to a nominal shuttle ascent/descent profile.

EDAS Second Flight

Mission STS-95 (October 1998) flew the same four-EDAS configuration as STS-91,
collecting forward skirt temperature, pressure, vibration, and strain data. One SRB EDAS
box failed to receive data because the EDAS internal lithium battery failed. All other data
was acquired and downloaded with no anomalies.

The success of the EDAS units during STS-91 had resulted in the External Tank (ET)
Project requesting that the system be configured to collect ET thrust panel data. The ET
Project is seeking to identify when and why thrust panel thermal protection system
(insulation) comes loose during ascent. For mission STS-95, a single EDAS unit
successfully collected ET thrust panel vibration data.

The EDAS units showed no sign of damage or displacement.



EDAS Third Flight

To support ET measurement requirements, MSFC procured a new CPU board from
SoMat. This new board along with a software upgrade allows the EDAS to sample six
channels at 3000 samples per second. Six EDAS units will support mission STS-96,
scheduled for a May launch. Three units will collect SRB forward skirt temperature,
pressure, vibration, and strain data. The other three EDAS boxes will collect temperature,
acceleration and vibration data on the ET thrust panel to support the TPS anomaly
investigation.

EDAS Fourth Flight

Mission STS-93, scheduled for launch in July, will feature nine EDAS units, five on the
left-hand and four on the right-hand booster. One box per booster will be dedicated to
ET, collecting thrust panel temperature and vibration data.

Future Applications

The current EDAS configuration is scheduled to fly on future shuttle missions. For
scheduled September and October flights, an EDAS unit will be dedicated to measuring
SRB frustum internal pressure. The Reusable Solid Rocket Motor (RSRM) Program has
requested to use an EDAS to support the development and verification of a new pressure
transducer selected to replace older technology. The RSRM Project has also requested
that the EDAS be activated five minutes prior to launch to allow time for the pressure
transducers to warm up. RSRM has also requested that EDAS have the capability to be
turned off in case of a launch scrub, thereby saving EDAS battery power. The EDAS
configuration will be modified to eliminate the g-switch. The EDAS circuitry will also be
modified to accept commands from the RSRM internal electronics assembly (IEA),
which will issue the EDAS on/off commands. All EDAS units will probably be modified
according to this configuration. For the long term, EDAS holds the potential for use as
part of an onboard, real-time vehicle health monitoring system.
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