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FOREWORD

This study was performed under Contract NAS5-26362 fo-
the Goddard Space Flight Center of the Nationai Aeronautics and
Space Administration under the direction of Richard Donnelly, the
Contracting Officer's Representative. The final report consists

of one volume with four (4) attached appendices.
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1.0 INTRODUCTION

This study was conducted to evaluate the feasibility and economics
of mounting and operating a new set of solar scientific instruments in
the backup Skylab Apollo Telescope Mount (ATM) hardware.

The new instruments used as the study test payload and integrated
into the ATM were; the Solar EUV Telescope/Spectrometer; the Solar
Active Region Observing Telescope; and the Lyman Alpha White Light
Coronagraph. Detailed experiment requirements data was obtained from

furnished "Experiment Requirements Documents' (ERDs).

The backup ATM hardware consists of a central cruciform structure,
called the "SPAR", a "Sun End Canister" and a "Multiple Docking Adapter
End Canister", as shown in Figures 1-1 and 1-2. Basically, the ATM hard-
ware and software provides a structural interface for the instruments;

a closely controlled thermal environment; and a very accurate attitude
and pointing control capabilitv. The hardware is an identical sot to
the hardware that flew on Skylab. The latest status indicates that

the hardware is in bonded storage and relatively intact at the Marshall
Space Flight Center. The ten remaining ATM rate gyros have been re-
worked to fix a problem that occurred during the Skylab mission.

Tarec concepts were baselined from the study: The "ATM Integrated"
and the "IPS" and "AGS" concepts. The ATM concept utilized to the maxi-
mum extent possible the remaining backup hardware and software. A sepa-

rate structure was required for this zoncept to mount it into the

Orbiter payload bay. The IPS and AGS concepts utilized only the canister

and assoclated canister equipment. In both of these concepts, the cani-
ster was mounted to the attachment rings of the pointing systems. All

three concepts are shown in Figure 1-3.

Study results concluded that the test instrument payload was
physically too large to fit within the ATM canister envelope and that
extensive modification would be required to accommodate them. However,
it was also concluded that th~ ATM backup hardware and software had a
high potential for reuse, for payloads that fit within the canister

1-1
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envelor . By seiecting payloads, very little modification of the ATM
is required; making the ATM reuse approach economically attractive, as
well as providing the close thermal control, poin’ ing and stability
required by many of the instruments being developed for the Spacelab/

Orbiter era.

1.1 Purpose

The purpose of this report is to summarize and document the re-
sults of the ATM hardware and software reuse studv effort. It further
defines and details (Section 7.0 "Recommendations') those additional

tasks that should be considered for further studv.

1.2 Scope

The study effort was limited to conceptural design. Analyses were
con. ..cted only where necessarv to validate design concepts and establish
subsystems approaches. Additional studies will be required to rerine

the baselined concepts discussed in this report.

1-5
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2.0 INSTRUMENT INTERFACE AND OPERATIONAL DATA ANALYSIS

The instrument interface and operational data was compiled to
provide a standard data base for the study team on the three (3) speci-
fied instruments; 1) Solar Extreme Ultraviolet (EUV) Telescope and
Spectrograph (SUETS), 2) Solar Active Region Observing Telescope (SAROS),
and 3) Spacelab Lyman Alpha (SLA) - White Light Coronagraph (WLC) (i.e.,
combination of these two instruments is defined as the Acceleration

Region Coronographs - ARC).

2.1 Solar Extreme Ultraviolet Telescope and Spectrograph (SEUTS) §

2,1.1 Instrument Description - This instrument is a grazing in-

cidence telescope with high EUV reflectivity feeding a diffraction
grating at near-normal incidence. This grating spectrally disperses

the radiation and images in each point of the spectrometer's entrance
aperture onto a small spot in the focal plane so that spatial informa-
tion is preserved. Adequately stigmatic images are produced over an 8
arc min long slit and over a spectral range of 21.0 to 47.0 nanometers.
Schumann-type photograph film is used to gain the full performance of
the optical system. Spatial resolution of at least 2 arc sec and spec-
tral resolution of 0.005 ranometers is achievable throughout the central
4 arc min field of view (FCV) at all wavelengths with even better per-

formance in the Rowland Plane.

The experiment objective is to execute a scientific investigation

addressing several fundamental problems of solar physics, these are:

1) The energy and mass balances in closed magnetic field
regions in the corona and the processes by which these
regions are heated.

2) Mass and energy transport into the solar wind.

3) The characteristics_of the emergence and evolution of
coronal active regions and their relation to flare activity

and coronal holes.

S S iy



2.1.2 1Insi -ment Characteristics

2,1.2.1 Structural and Mechanical - The telescope is mounted on

a rigid stable optical bench to achieve stability in longitudinal dis-
placement. The SEUTS is attached to an offset adjusting system and will
be mounted to the Pointing System with a three point kinematic mount

(See Figure 4.1.3.1-1 and 4.1.3.1-5). The instrument will be constructed
in two packages, connected by electrical and electronic control and data
cables. The larger part (Figure 2-1) is an optical bench with all optics

and mechanisms. The smaller part is the electronics (Figure 4.1.3.1-1).

The telescope and spectrograph are shown in Figure 2-1 and is 135
inches long, 22 inches wide, and 36 inches high. This package is at-
tached to the offset adjustiny system and mounted to the ATM, as shown
in Figure 4.1.3.1-5/7,by the three point kinematic mount. The offset
adjusting system will provide a +0.5 degree movement to the optical
axis. The three point kinematic mount consists of three individual
mounts and consists of two fixed mounts and one flexible mount and weigh

approximately 100 1bs.

The SEUTS electronics assembly (Figure 4.1.3.1-7/5) is 23 inches
long, 9 inches high and 17 inches wide, having a weight of approximately
60 pounds. This assembly contains the electronics to accomplish the
following functions: Command and data handling; data collection, power,
sun sensor control, offset pointing control, camera mechanism control,

and general mechanism control.

The SEUTS weight is shown in Table 2-1.

Table 1-1 SEUTS Equipment Weight

1) Telescope & Spectrograph Unit - 360 lbs
2) Offset Adjustment System &

Kinematic Mount 100 lbé
3) Electronics Package - 60 1bs

Total Weight 520 1bs

2-2
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modes and requires an averagze power of 160 watts.

2.1.2.2 Electrical Power - The SEUTS has five (5) operating

these operating modes are as shown in the following table.

Table 2-2 Operations Power Requirements

The power usage for

Mode Description P2 Tuwer Ope.’;‘;;:"s r) 0 e‘;‘z; Lons
1 Camera line profile 114 W 60 min. 10
2 Camera Flare 114 W 60 min. 5
3 Combined Modes 1 & 2 114 W 60 min. 15
4 Amplifying Image Detector 129 W 60 min. 10
5 Mode 2 Flare Standby 62 W 10-20 hrs.

Heater Power: 50 W Continuous for all Modes

2.1.2.3 Thermal Control - The SEUTS will be aligned and operated

at room temperature (22 degrees centigrade).

insensitive to bending and side-to-side distortions.

its focus is sensitive to longitudinal displacements, the structure must

The design is relatively

However, since

be held at very close to the alignment temperature and thermal control

is needed to minimize temperature differentials from front to rear of

the instrument.

Passive thermal control will be used and is provided

by the ATM, with heaters used, as necessary, to maintain the minimum

operating temperature.

The ATM will provide no active interface with the SEUTS but will

provide a controlled benign environment as described in Section 4.3.

The film carried in the Telescope and Spectrograph film reel assembly

require temperatures below 110° F.

can withstand is 110° F for no more than 1.0 hour. After

The maximum temperature the film

landing, the

film must be removed before this temperature limit is reached.

jaw camera data is required (i.e., He TV image).

2.1.2.4 Controls and Displays - A television display of the slit-

Controls on the Aft

Flight Deck (AFD) to initiate command sequences necessary to carry out

2-4




observing programs stored on-board.

The AFD and Payload Operation
Control Center Controls (POCC) are listed below in Tables 2-3, 2-4,
and 2-5.

Table 2-3 Opcration Control Requirements

2) ATM Pointing and Roll

4) Exposure Control

6) Instrument Safing

1) Point and Roll Direction/Redirection
1]
3) Offset Adjuster Position Control

5) Instrument Control/Command Reissuance

Control

Table 2-4 POCC/AFD Instrument Status Display (By Request from AFD)

Parameter Status
Instrument Controller Power (on/off)

H-alpha Camera Power (on/ofI)
H-alpha Cooler Power (on/off)
TV Camera Power (on/off)

Film Camera Power (on/off)
AID Camera Power (on/off)

Aid Cooler Power (on/off)

AID High Voltage (on/off)
Offset Adjuster Power (on/off)
Zero-Order Monitcre Power (on/off)
Film Camera Advance (on/off)
Film Clamp (open/closed)

Film Camera Door (open/closed)
Telescope Door (open/closed)
H-alpha Shutter (open/closed)
EUV Shutter (open/closed) '
AID Mirror (in/out)

Launch Lock (lock/unlocked)

Parameter Status
Entrance Slit Position (1 thru 4)

Offset Adjuster Position

Film Frame Number
Zero-Order Monitor Reading
UTC of Shutter Operation
Sun Sensor Reading

Offset Adjuster Position
Pointing System Pitch
Pointing System Yaw
Pointing System Roll

Temperature Sensor #1 - {#7

T—— R
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Table 2-5 POCC/AFD COMMAND AND CONTROL CAPABILITY

Instrument Controller Power on/off

H-alpha Camera Power on/off
H-alpha Cooler Power on/off
TV Camera Power on/off

Film Camera Power on/off‘
AID Camera Power on/off

ATD Cooler Power on/off

AID High Voltage on/off
Offset Adjuster Power on/off
Zero-Order Monitor Power on/off
Film Camera Advance

Film Clamp open/close

Film Camera Door open/close

Telescope Door open/close
H-alpha Shutter open/close
EUV Shutter open/ close
AID Mirror in/out

Launch Pin lock/unlock

Entrance Slit Step forward/
reverse

Offset Adjuster Step right/left
Converter Power on/off
Instrument Controller Reset

Sun Sensor Power on/off

Total Commands - 44

2.1.2.5 Contamination Control - During the SUETS Operation, it

will be necessary to constrain thruster firings, waste dumps, and water

dumps.

2.1.2.6 Comma:nd and Data Handling - A data transmission rate of

1250 bits per second on the data bus, and high rate data transmission

of 2.05 Mega bits per secend is required.

ments are described in Section 4.2,

Details of these require~

2,1.2.7 Operating Time and Modes - The operating modes and times

are described in Section 2.1.2.2, Table 2-2. The total experiment

operating time is to be approximately 90 hours. The total sunlit opera-

tional time for a Shuttle mission of 7 days is approximatel& 102 hours

when post insertion and pre re-entry thermal conditioning is considered.

Due to the these experiment operating time requirements, joint opera-

tional programs with other experiments must be worked out,

‘w: T



2.1.2.8 Orbital Requirements - The Orbit altitude desired is to

be as high-as-possible, consistent with other pointing platform in-
struments. The desired inclination is to be 28.5 degrees or higher.
The launch time and inclination is to be chosen so that the Orbiter
Beta angle constraint of 60 degrees is not exceeded, but so that sun
time is maximized. The Orbit parameters are to be chosen to minimize

]
time in the South Atlantic Anomaly (SAA).

2.2 Solar Active Region Observations from Spacelab (SAROS)

2.2.1 Instrument Description - The SAROS instrument consists of

two (2) distinct components; 1) an x-ray Telescope and 2) a pointed
collimated Bragg Spectrometer. These components are packaged in a

single integrated package, Figure 2-2,

The prime objective for SAROS is to make detailed measurements of
the temperature, density, and pressure within coronal loops in order
to precisely determine the absolute values of the radiative and conduc-
tive heat loss terms for a given solar magnetic field loop. Secondary
cbjectives are 1) Evaluate the magnetohydrodynamics of coronal loops,
and the problem of the reconnection of magnetic field lines; 2) Evalu-
ate x-ray bright points to establish a physical description, 3) Evalu-
ate eruptive prominences, coronal transients, and depletions; and
4) Evaluate element abundances to assist in understanding both plasma

and solar behavior.

The imaging system will provide high spatial resolution full disk
x-ray Heliograms which can be recorded either as imagec on photographic
film or as a video image. In addition, pointing information from the
spectrometers in the form of a fiducial mark can be superimposed cn the
video image. This allows control of the spectrometer pointing in real
time and records their location for later analysis. The video image
will be available to the payioad specialist on the Shuttle aft flight
deck. It is also available to the experimenters on the groﬁnd by

transmission in digital form, via the high rate multiplexer (HRM).

2-7
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The imaging system consists of:

L.

A grazing incidence x-ray mirror fabricated of fused silica
and having a spatial resolution in visible light of 0.5 arc

seconds.

An invar mirror mount and optical bench are provided to hold
the mirror without distortion and maintain the location of
the focal plane to within +5 x 10-3 cm over a temperature

range of +3° C.

A focal plane assembly consisting of two photographic cameras

and one video camera mounted on a three position rotary turret.

The two (2) photographic magazines are sized to hold 19.00 cm
diameter film magazines. Each of the two magazines will con-
tain one of two complementary types of film, one film being

chosen for high sensitivity and one for high spatial resolution.

The video camera consists of a microchannel plate with a proxi-
mity focussed phosphor coupled by relay optics to a slow scan
vidicon. The resulting pictures will have a spatial resolu-

tion of 5 arc seconds.

An Ha telescope consisting of a narrow band filter aﬁd optical
train is mounted within the x-ray mirror. The telescope will
allow Ha images to be recorded on film silultaneon<]y with the
x-ray images. The images will be used to provide independent
roll information and to align the x-ray images with ground

based observations.

The spectrometer consists of:

1.

2.

A three channel multi-grid collimator mounted in a single

assembly which defines the field of view of the spectrometer.

Three Bragg crystal analyzers each of area 12.5 x 25.0 cm?,

The crystals used will be ADP, Beryl and RBAP.

2-9
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3. Individual detectors for the three crystals. The
detectors wie thin windowed, flow proportional counters
using a 90:10 mixture of argon and methane as the detec-
tor gus. They are mounted to a common drive assembly

which 1s not counterbalanced.

4, The pointing drive which employs two motors for operating
recirculating ball screw-jacks which provide the two-
axis motions. These motions are sensed by transducers
installed across the gimbal elements and additionally by
shaft encoders fitted to each motor shaft. The single
step size of the pointing system is 5 arc second with a
total scan capability of +) degree. ' The pointing drive
is protected during launch and re-entry by latching
the spectrometer in a position where it is held clear

of the screw-jacks and thus unloaded.

The latching mechanism is motorized and will be fully

redundant to ensure relatch prior to re-entry,

5. A fiducial system which is mounted to the collimator
backbone. It consists of a back-illuminated mask which
projects an image of the collimato- field with cross
hairs to locate the center of the collimator filed on

the sun.

6. The proportional counter gas flow system with its associ-
ated gas storage reservoirs, regulators, valves and gas

delivery and density control electronics.

Access 1is required to provide pre and post flight access to the film
canisters of the two (2) cameras. The nitrogen purge system must
also be accessible for filling prier to flight during the offline

Ground Operations activities,

2-10
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2.2.2 1Instrument Characteristics

2.2,2.1 Structural Mechanical - The experiment is contained

within a cylindrical structure of octagonal cross section. The over-
all dimensions are length 109.5 in., width 39.4 in., and depth 37
inches. The main load bearing structure is an aluminum honeycomb

center plate running the length of the instrument and dividing the
package into two halves. Radial stiffness is provided by bulkheads
positioned at various locations along the center plate. A cylindrical
thin walled aluminum shell provides torsional rigidicy and environmental
protection for the instrument svstem. The two instruments are located
on either -ide of the center plate. In both cases, the electronic
packages are mounted at the rear of the instruments, within the basic

envelope. The total mass of the instrument is 555 kg (1224 1bs.).

Three mounting adapters as dezcribed in Figure 4.1.3.1-5 are used
for mounting to the ATM. One of the mounting points is at the forward
or sun-pointed end and the remaining two are at the central bulkhead.
In order to allow sufficient access to the instrument after it is
attached to the ATM, the adapters can be attached to either side of the
experiment structure. Since the load bearing structure is symmetrical,

this does not affect the structural integrity.

2.2.2.2 Electrical Power - The SAROS requires an average DC power

of 212 watts per orbit (including 60 watts of heater power) and 34

wetts of peak power. Continuous power is required after Ground Oprerations
integration (Level IV) to maintain a vacuum in the video camers's Mircro-
~hannel Plate of (TBD) watts. There are five (5) operating modes for

the SAROS and these are described in Table 2-7 in Section 2.2.2.7.

The average power for 2ach of these modes are shown below in Table 2-6.

Table 2-6 SAROS Power Summary

Modes Operating Power Heater Power
1 104 watts 135 watts
2 222 watts 20 watts
3 148 watts 20 watts
4 264 watts 20 watts
5 150 watts 20 watts
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2.2,2.,3 Thermal Control -~ The SAROS requires a non-operating
environment of 0-30 deg C (32-86 deg. F) and an operating enviionment
of 20 + 30 deg. C (68 deg. F). The integrated package environment is
to be 10 + 5 deg. C (50 deg F). Hot spots such as the electronics

package must either be supplied with cold straps or allowed to radiate
directly to the ATM cold plates mounted on the canistered walls.

2.2.2.4 Controls and Displays - The controls and displays
(Tab’e 2-7) that are required consist of a TV display at the AFD for

display of video images so that poiniing programs and Spectrometer/

Camera sequences can be commanded to experiment.

The SAROS will be controlled by an instrument controller which will
provide sequences of commands to operate the instrument. Command se-~
quences needed to .arry out observing progremr will be stored om-board.
When a sequence is initiated, from the POCC o: D, the controller will
sequence the operatiocrn of shutter, film advance, etc. to provide the

desired set of photographic exposures.

Table 2-7 POCC/AFD Controls and Display Requirements

Display Commandse
+28V Source Power A On/Off
A +5V Power B On/0ff
B +5V Dep 1 Restart On/Of
Dep 2 Voltage Dep 2 Restart On/Off
Dep 3 Voltage Dep 3 Restart 0a/0f £
Dep 1 Run Dep 1 Backup On/Off
Dep 2 Run Survival Heater On/Off
Dep 3 Run Move Cursor Up/Down
Dep 1 Backup Run Move Cursor Right/Left
Dep 1 Backup On Change Step Size 3
Survival Heater On Go to Special Sequence

2.2.2.5 Contamination Control - During the SAROS Operation, it will

be necessary to constrain thrusted firings, vaste dumps, and water dumps.

2.2.2.6 Commanc and Data Handling - The command and data handling

requirements include providing for a data rate of 7300 bits per second

2-12
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on the data bus and 524.3 kilo bits per second of high rate data, as
near continuous communication with the ground as possible is required

during the experiment operating time.

2.2.2.7 Operating Modes = The SAROS has five (5) operating modes

per Orbit as shown in Table 2-8,

Table 2-8 Modes of Operation

Mode 1 - n-Orbit Standby, 30 min.

to

- Video Ilmaging and Display, 15 min,
3 - Normal Data Taking, 15 min,
4

- Data Taking with Interactive Spectrometer
Control, 20 min,

5 - Data Taking wiith Two Cameras, 10 min,

2.2.2.8 Orbital Requivements = The Orbit altitude desfred is to be
between 200 to 400 km at a near equatorial circular Orbit.  An experiment
desire ts to minimize the time exposed to high radiation sources, such

as the south Atlantic o:wmaly,
2.3 Spacelab Lyman Alpha - White Light Coronagraph

2.3.1  Instrument Description - The Spacelab Lyman Alpha - White
Coronagraph {s a Joint program of the Smithsonfan Astrophysical Observa-
tory (SA0) and the High Altitude Observatory (BAO). The Spacelab Alpha
Coronagraph (S1AC) and the White Light Coronagraph (WLE) will be operated
in a Joint fashion as co-observing (nstruments which topether comprise
the Acceleration Repton Coronagraphs (ARC) experiment.  The ARC {s consi-
dered to be a single instrument (un the mechanical/optical sense, but the
SLAC and WLC will function as separate instruments in the electrical/
thermal sense, The inutruments will interface separately with the
Command and Data Management Svstems and with the electrical avstems,

Fach {netrument has {ts own tharmal control svstem and the thermal inter-
action {s to be minimized., A mechanical interface extata and the WLC s
wmounted to the SLAC with a three (1) point kinematic mount but other-

wise each coronagraph s structurally self-sufficlent,
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The ARC co-cbserving instruments will measure coronal temperatures,

densities, and flow velocities for solar structures throughout the solar
wind acceleration region of the inner corona. Data from both ARC instru-
ments are required to achieve the following principal scientific ob-
Jectives:
1) Determine the coronal atomic hydrogen and proton
temperaturés from 1.2 to 8 solar radii from sun center.
2) Dete.mine coronal atomic hydrogen and electron densities.
3) Deter.aine coronal mass flow velocities.
4) Specify at least an upper limit to non-thermal velo-
cities in the Corona.
5) Determine the coronal electron temperature.
6) Study coronal momentum and energy transfer in con-
junction with models of the ccronal expansion.
7) Estimate the mass flux of the solar wind, particularly

that arising from regions other than coronal holes.

The SLAC is an ultraviolet coronagraph using a slowly-scanning tele-
scope mirror to observe a 30 arc minute x 100 arc minute sector of the
corona from 1.2 to 7.4 solar radii. The sector is selected by volling
the pointing system ATM) around the sun center. Offset pointing also
permits occasional solar disk observations as well as coronal observa-
tions out to 8.0 solar radii. A Spectrograph analvzes the telescope
fmage light spectrally and observes a coronal strip. Discreote-anode
microchannel array detectors provide spatial and spectral information.
The SLAC is comprised of the following major subsystem: Mechanical
(i.e., front aperture and door, sunlight trap, telescope/internal oc-
culter mirror, baffles, entrance slit, spectrograph case, grating drive,
detector mount and main instrument case), Optics (i.e., telescope mir-
ror, diffraction grating, sunlight trap mirrors and alignment mirror),

detector assemblies, thermal control and electronics.

The WLC {s comprised of the following major subsystems: Mechanical
(i.e., arerture door, light tube/optical bench combination, optics

housing and structural mounts), Optical (i.e., external occulting disks,

2-14
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heat dump mirror, focussing lenses, folding mirrors, internal occult-
ing disk and polaroid filters), thermal control (i.e., heated panels,

multilayer insulation and surface coatings), data recording (i.e., 35 mm

film camera), and electrical (i.e., 8080A processor, motor drivers,
thermal control system coatroller and power supplies. The door mecha-
nism, flip mirror and calibration path devices are designed with a
manual override system so that in the event of a primary drive system

failure the component can manually be removed from the optical path.

2.3.2 Instrument Characteristics

2,3.2.1 Structural and Mechanical - The Spacelab Lyman Alpha-

White Light Coronagraph is shown in Figure 2-3, and is 130.5 inches
long, 40 inches high, and 37 inches wide. Thé combined instrument
weight is 749 1lbs. The SLAC and thc WLC are mounted together on the
three (3) point kinematic mount and the SLAC will be mounted to the

ATM through a co-alignment system. This interface and system are shown

in Section 4.1, Figures 4.1.3.1-7/8.

In addition to the main structure, an electronics assembly, sepa-
rate from the telescope will operate the WLC. The electronics rack
will be detached from the telescope primarily to eliminate the thermal
heat source from the precisely aligned telescope. This electronics
package will not be coupled to the SLAC. The WLC will be kinematically
hard-mounted onto the SLAC and the joint instrument will be a co-aligned,
co-observing instrument package. Access is required to the WLC film

assembly.

2.3.2.2 Electrical Power - The ARC requires an average DC power

of 197 watts, with the SLAC using 150 watts average power during its 9
operating modes, and the WLC using 47 watts average power during its 6
operating modes. These operating modes are shown in the following

Tables 2-9 and 2-10.
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Table 2-9 SLAC Power Operating Modes

Mode 1 - Launch and Reentry - 0 Watts
2 - Power Down - 60 Watts
3 - On-Orbit Standby - 84 Watts '
4 -  Survey - 147 Watts :
5 - Intensity - 153 Watts %
6 - Profile - 153 Watts f
7 - Hi Spert. Res. - 153 Watts %
8 - Elect. Temp. - 147 Watts %
9 - Disk - 153 Watts 3

Table 2-10 WLC Power and Operating Modes

Mode 1 - Launch and Reentry - 0 Watts
2 - Turn-On - 55 Watts
3 -  Standby - 40 Watts
4 -  Operate - 70 Watts
5 -  Turn-Off - 0 Watts
6 - Troubleshoot - 70 Watts

2.3.2.3 Thermal Control - The ARC is designed to operate in the

near 0 degree centigrade operating conditions of the spacelab thermal
shroud. The WLC has an active TCS in conjunction with multi-layered
insulation blankets and surface finishes will heat the structure to hold
the temperature to within a 21 + 3° C range from proper operation. The
SLAC could operate at higher temperatures than 0° C but a thermal re-
design would be required. The externally mounted SLAC electronics box
must be cooled separately. The WLC Film Canister contains film which

is subject to damage when the film is subjected to high temperatures

for prolonged periods of time.
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2.3.2.4 Controls and Displays - The ARC requires AFD controls
and displays but no television display is required. Normally, the ARC
is controlled or operated via canned observing modes or data collection
modes stored in the Dedicated Equipment Processor (DEP), but these
modes can be specified by sending mode sequence commands from the AFD.

Table 2-11 identifies the SLAC Controls and Displays, and Tables 2-12

e LR R T T R AR T e - L

and 2-13 identifies the WLC Controls and Displays.

Table 2-11

SLAC Controls and Displays

1.
2.
3.
4.

Controls
Science Mode Load
Mode Sequence
Message to DEP
Discrete Commands

- SLAC Power
- Heater Power

- Heater Power

Source
POCC/AFD
POCC/AFD
POCC/AFD
(8) POCC/AFD
1
2

- Vacuum Override

- TBD
- TBD
- TBD
- TBD

1)
2)
3)
4)
5)
6)

Display

Detector Data

Instrument Status Data #1/#2
Survey Data

Wavelength Scan Data

DEP Message to DDS

DEP Memory Load

2-18

g i .



P—

Table 2-12 WLC Controls

Controls

Standby Power on/off
TCS on/off

Ha TCS on/off
Instrument pwr on/off
initialize instrument
door - open/close
single/double Sequence
halt

std mode

calibrate

transient

clear exp

motorpower off/on
insertHau

insertcal
insert/remove mirror
pathcornal

pathHa

pathcal

nextfilter
filterN(n)
close/open Shutter
matrix

advance

advanceN(n)

time exp(n)

coronal time(n)
Hatime(n)

filter seq
inhibit/enable Film
setframes
inhibit/enable Sync
wait(n)

syncpulse

door open override
D4 auto/manual
center D4

step D4 X, Y

read CMD register(n)

Source

POCC/AFD
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Table 2-13 WLC Displays (AFD on Command)

Descretes Analogs
SLAC Sync Temp Ha
Shutter Open/Closed Temp 1
Shutter Closed, Temp 2
Door Closed CMD Temp 3
Door Closed +28V SLPwr
Door Open CMD +28V Stby Pwr
Door Open +5V PWR
F.W.P. 1A-4A +15V PWR
Geneva Lock A/B -15V PWR
Calib Mirror In
Hoa In Serial Data
Program Run +28V Motor PWR
Up Running X Pointing Error
Flip Mirror In/Out Y Pointing Error
Film Advance X D4 Error
DEF Busy Y DR Error
Motor Power Film Remaining

Temperat ures (10)

2.3.2.5 Contamination Control - Du.ing the operation of the ARC,

it will be necessary to constrain thruster firings, waste and water dumps.

2.3.2.6 Command and Data Handling - The command and data handling

roquirements of the ARC are divided into those required by the SLAC and
those required by the WLC. The data requirements of the SLAC are 900
bits per second tkrough the data bus and frem 25 to 50 kilobits per sec-
ond of high rate data.

The data requirements of the WLC are 300 bits per second through the

data bus and the 35 mm film which is to be removed after landing.
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2.3.2.7 Operating Times and Modes - The ARC requires six (6) dedi-

cated Orbits per day having two (2) hours of daylight observing on eight
(8) hour centers. The operating modes for the SLAC and the WLC are de-
scribed in T_.bles 2-9 and 2-10 respectively.

2.3.2.8 Orbital Requirements - The Orbit altitude required is
above 200 km, but a higher altitude of 400 km or better is preferred.

No inclination is specified.

2.4 Pointing Requirements

The pointing requirements ot all the instruments are discussed

in Section 4.5.

2.5 Mission Requirements

Mission requirements have been reviewed of all instruments
selected for this study as well as the instrument/experiment operating
requirements nd scientific objectives in order to establish an inte-
grated set of mission requirements and still satisfy the thermal, communi-
cations, and power requirements. The integrated requirements are as
follows: Altitude 400 km (216 n.mi.); Inclination 28.5 degrees; Beta
angle of approximately 52 degrees ‘(Launch date Dec. 18); Attitude will
be solar inertial with the x axis in the Orbit plane; mission duration,

7 days. These requirements also place specific requirements on the
Orbiter such as, no OMS kits are required and 1 energy kit is required

for supplemental electrical power.
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3.0 ATM REUSE REVIEW AND ASSESSMENT

The ATM reuse review was accomplished in three (3) phases:
1) The post Skylab Spacelab/Multiple Telescope Mount (MTX) ATM feasi-
bility study documentation review; 2) ATM drawing review; and 3) Review
meetings with the Lead Engineers of the Spacelab/MTM ATM feasibilit -
study.

3.1 Documentation Review - The documents shown in Table 3-1 were

reviewed. These documents covered both the initial Spacelab feasi-
bility study aund the follow-on Multiple-Telescope mount study as well
as the Skylab Operations Handbook. All Working Group Minutes and

Action Items were also reviewed.

3.2 ATM Drawing Review - In addition to the documentation review,

ATM drawings were obtained from storage and reviewed. These drawings
and a parts list and hardware status is presented in the attached

Appendix A.

This status contains the drawing number and hardware list, the lo-
cation of the part on the ATM, the No. required, spares in storage,

modification requirement, and the Original vendor.

3.3 ATM Review Meetings - The review meetings held wiih the

Original STS/Spacelab/MTM Study conducted in 1974 and 1975 are as

follows:
Engineering Technical Lead - G. Stone
Structures - J. Swickard
Thermal - C. Class
G&C - L. Cloud
C & DM - T. Rasser
Power - 0.B. Smith
Contamination ‘ - E. Ress

All original study leads are still employed by Martin-Marietta, Dernwver.

W
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Table 3-1

ATM Review Documents

Document/Title

1) Spacelab ATM Payload Interface Definition Document
2) Spacelab ATM Feasibility Study:

3)

4)

5)

6)

7)

8)

Vol.
Vol.
Vol,
Vol.
Vol.
Vol.
Vol.
Vol.
Vol.

I

II
IT1
v
v

VI
VII
VIII
IX

Technical Report

Executive Summary

Structures

Thermal

Attitude and Pointing Control System
Instrumentation ar.] Communication
Controls and Displays

Contamination

Electrical P.wer

Final Report ATM Shuttle Payload Feesibility Study
(F74-07)

Progress Report, Multiple Telescope rount (MTi)

(ED-2002-1764)

Integrated Mission Planning, First Two Years of
Shuttle Missions, Mission ATM-B, Spacelab Mission
Pallet Only, Apollo Telescope Mount

APCS Analysis of the ATM as a Ceneral Payload Carrier

Spacelab MTM reasibility Study Working Group Meeting
Presentations and Minutes

Skylab Operations Handbook, Apollo Telescope Mount
Systems and Experiments Description

Date Prepared

Feb.

Sept.
March
Nov.
Nov.
Nov.
Nov.
Nov.
Nov.

Nov.

Oct.

Feb.

Oct.

Dec.

July

1974

1974
1975
1974
1974
1974
1974
1974
1974
1974

1974

1974

1974
1974

1971
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4.0 ATM, IPS & AGS DESIGN CONCEPTS

4,1 Structural/Mechanical

4,1.1 Introduction - This section provides the results of the .
structural/mechanical portion of the study on the feasibility of mount-
ing new solar instruments in the existing ATM hardware. The study work
has been of a conceptual design nature consistiang primarily of layouts
and providing analysis only where required to validate the design

approach. The previous ATM study work has been utilized as a starting

FEY T P

point, and new approaches have been investigated only where benefits f

could be gained without the sacrifice of the existing, workable system.

The ATM hardware was evaluated for use in three different point-
ing systems; the existing ATM fine pointing control system, the Instru-

ment Pointing System, and the Annular Gimbal System.

A set of self-imposed requirements/guidelines used during the

study are listed below:

- Utilize to a maximum the existing ATM hardware.

- Maintain the canister center of gravity to within 1.5
inches of the spar/ranister centerline (to achieve
similar pointing accuracies as on Skylab).

- Baseline film removal in the OPF after ATM removal
from the Orbiter (previous studies have shown film
able to withstand re-entry soak temperatures).

- Assume shared STS flights (payload of opportunity).

4,1.2 ATM Hardware Review - This section is presented to review
the characteristics and capabilities of the existing ATM hardware and

to provide the background such that the design concepts presented in

following sections can be more easily followed. The existing ATM

hardware can be divided into three major structural levels; the SPAR

Assembly, the Canister Assembly, and the Canister Support Structure.
Figure 4.1.2-1 depicts the ATM SPAR as configured for the Skylab

mission.

4-1
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This cruciform SPAR provides the structural interface for the instru-

ments and serves as the system optical bench. The SPAR consists of the
exper iment mounting plate, stiffener rings, and the girth ring. The
experiment mounting plate provides eight mounting surfaces for instru-
ment attachment. These plates arec made from 1-1/8 inch aluminum

plate and are approximatelv 60" x 120" each. Two-inch diameter lighten-
ing holes are located over the surface of the plates and cause a 40%
weight reduction. 1In use, multilayer insulation blankets completely
enclose the mounting plate to prevent thermal gradients on the plates.
Stiffener rings located top and bottom increase the overall stiffness

of the assembly. The girth ring adapts the SPAR assembly to the next
structural assembly (Canister Assembly) and also interfaces with the
fine pointing system,gimbal rings and the launch lock system. The girth
ring is 88 inches in diameter and is 8 inches deep in cross section.

The overall SPAR assembly is 88 inches in diameter and has a length of
approximately 120 inches. The total assembly weighed approximately

1400 1bs, on Skylab.

As shown in Figure 4.1.2-2, the ATM Canister is made up of the
SPAR assembly, the Sun End Canister and the MDA End Canister. This
assembly contains the ifastruments, has a complete self-contained active
thermal control system, and is the element that is pointed by the fine
pointing system. The girth ring from the SPAR assembly ran be seen in

the figure at the interface of the two canister assemblies.

The Sun End Canister is a cylinder, open at one end, made up from
two concentric shells and the sun shield assembly. Eight cold plates
form the inner shell and permit heat transfer via radiation from the
SPAR mounted instruments. The outer shell is made up of four radiator
panels which exchange heat from the cold plates via the fluid medium
and radiate it to space. Forward on the canister is the sun shield assembly
which shades the radiator panéls from solar impingement and houses the

aperture doors for experiment viewing.

The MDA End Canister is similar in construction to the Sun ¥nd Cani-

ster excent that there is only a single shell consisting of 8 cold plates.
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Additionally, five of the cold plates have access doors in the panels
for film and experiment access. The aft end of this canister has a
simple bulkhead design for the external mounting of subsystem equip-
ment. Overall ATM Canister dimensions are: 107 inch diameter at the
sun shield and a length of 128 inches. Without instruments, the

assembly weighs approximately 4100 pounds.

In actual usage, the'instruments are built up on the SPAR assembly
which is supported by a GSE support fixture. Affer instrument inte-
gration and checkout, the canisters are installed over the top aud bot-
tom of the SPAR and are structurally connected to the girth ring.
Cabling hookup and fluid connections between the cold plates and radia-

tors complete the wssembly.

The third major ATM structural element is that structure which
supports the ATM Canister and provides the interface to the vehicle.
On Skylab, the ATM Pack Structure performed this function and inter-

faced with the MDA. Due to size problems (cargo bay envelop violationms),

the previous ATM study determined that the ATM Rack Structure approach

could not be used.

Figure 4.1.2-3 is the Canister Support Structure (CSS) developed
in the earlier ATM feasibility studies. This structure interfaces with
the ATM Canister Assembly via pitch and yaw gimbal rings connected to
the SPAR girth ring. The CSS also provides the launch/landing lock in-
terfaces between the structure and the ATM Canister. Construction is a
combination of an eight-sided torque box and truss-type structure. A
direct Orbiter interface is used with a standard statically determinate
type interface consisting of two primary longeron attachments (at the
canister centerline), one stabilizing longeron attachment, and the keel
fitting located also at the canister centerline. Truss structure ties

the Orbiter interface trunnions back to the torque box structure,.

The inner surface of the torque box provides the structural attach-
ments for both the gimbal rings and also houses a new launch/landing

lock arrangement also developed during the earlier studies.

4-5
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The one shot, ordinance initiated lock on Skylab does not lend itself
to a redesign that allows relatch for landing. A ball-screw driven
latch concept was proposed as the design fix and this concept will be

baselined for this study also.

The figure also depicts the ATM Canister/CSS in the cargo bay en-
velope and shows the limits imposed on the ATM Canister length. Two
areas on the existing canister syst:-'m require modification to fit the
cargo bay envelope. The Sun End Zanister Sun Shield requires a re-
duction in diameter from 107 inche: to 104 inches to fit the envelope
and provide sufficient clearance. A cable drum which maintains control
over the cabling during roll maretvers is shown near the keel area.

As configured on Skylab, the cable drum would extend beyond the bay en-

velope. The figure shows ":h the modifiel cable drum and sun shield.

The top surface ot the CsS incorporates a slight slant which
serves to prevent sola. reflection back onto the radiator surfaces. A
startracker and acquisition sun sensor from the ATM Rack Structure have

also been relocated to the CSS.

Preliminary design data from the earlier study indicates - total

weight of 1900 pounds for the 142 inch x 194 inch x 173 inch structure.

Figure 4.1.2-4 illustrates a new element developed during the pre-
vious studies. This Electronics Component Unit (ECU) supports the sub-
system equipment (control, power and pointing) that was originally
mounted on the ATM Rack Structure. This concept uses a Spacelab pallet
to muunt a new equipment truss which supports approximately 2500 pounds
of subsystem equipment. Thermally sensitive equipment 1is located on
Spacelab cold plates on the truss and a sun shield is provided over the

entire pallet to prevent solar entrapment.,

4.1,3 ATM Pointing System Concept

4.1.3.1 Instrument Mounting Concept - This section ad-

dresses the integration of the Solar Instruments into the existing ATM
hardware. In this ATM Pointing System concept, the ATM clanister Sup-
port Structure with the ATM Pointing System is baselined and the main

4-7
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discussion is centered on the instrument mounting approaches.

The relationship between the volume available for instrument
mounting as provided by the ATM Canister and the instrument size is
shown in Figure 4.1.3.1-1. Note that SEUTS will fit within a quad-
rant if mounted at a diagonal. The mounting envelope restrictions
(i.e., 36.5 inch radius) are due to the canister cold plates and SPAR
stiffener rings. It is aﬁfarent from the figure, that a simple ap-
proach involving secondary structure to adapt the instrument is not
feasible.

Three design concepts for instrument mounting were evaluated:
An external shroud concept, a new canister approach, and a two instru-

ment concept.

The external shroud concept (Figure 4.1.3.1-2) was an attempt to
mount two instruments within the existing canister and provide an ex-
ternal shroud on the outside surface of the canister to house the third
instrument. There are a couple of obvious problems with this approach.
Due to the geometry of the gimbal rings and the CSS, the third instru-
ment ends up being locatea approximately 80 inches off the canister
centerline. The CG offset effect on the pointing system is so signi-
ficant that an almost equal weight (750 pounds) must be provided at a
similar offset as ballast. Additionally, at this amount of offset,
the canister can only be rotated through less than 90° due to inter-

ference with the cargo bay side walls. These problems were deemed to

be of sufficient magnitude to drop this approach from further considera-

tion,

The second approach considered, examined the potential of providing

a new structural enclosure to mount the three instruments and utilize
as much of the existing ATM hardware to outfit the thermal and pointing
systems, Potential reuse items identified include: ATM Sun End Cani-
ster radiators, Sun End and MDA End Canister cold plates, thermal con-
trol system pumps, valves and other components, and the pointing drives
(assuming the mass properties for the new canister would be similar to

the existing canister). New components required include; the canister

4-9
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structure (approximately 90 inches x 90 inches x 140 inches) and new
gimbal rings (pitch and yaw). Figure 4.1.3.1-3 shows a preliminary
version of the new canister concept. During the evaluation, it was
concluded that the new canister approach was not feasible based on the
following points. Additional qualification testing would be required
for the new canister approach which could involve thermal vacuum test-
ing as well as vibration ‘testing. The most significant drawback to
this new canister scheme is that the pointing system accuracy may not
be maintained at the precise levels achievad using the Skylab ATM sys-
tem, Finally, the cost involved in the design and fabrication of the
new elements along with the cost incurred in testing make this option

unattractive,

In keeping with one of the groundrules to minimize ATM hardware
modifications, a minimum mod approach was developed where only two in-
struments would be utilized on a single mission. This approach for
SEUTS and SAROS is shown in Figure 4.1.3.1-4., The modification re-
quired to accomplish this arrangement involves primarily a change out
of the experiment mounting plate. This deletion of the cruciform spar

and replacement with a "H" section is a fairly simple modification,

The previous ATM study had noted that, due to the complexity of
the Sun End and MDA End Canisters, structural mods should be limited
to the SPAR and the experiment mounting plate area. The new "H'" sec-
tion mounting arrangement uses the existing girth rings and stiffener
rings from the SPAR assembly and would require new 1-1/8 inch aluminum
plates along with some bracket changes. As noted in the figure, the
two instrument arrangemeut also includes the mounting of existing ATM
SPAR equipment (rate gyro, fine sun sensor, pre-amplifier) and the
RAU's for instrument data interfacing. The SEUTS electronic package
is shown located near the telescope on the instrument mounting plate.
Center of gravity constraints in all three axes have been maintained
by the positioning of the instruments and subsyvstem equipmeht. Heat
rejection from the instruments is primarily towards the open quadrants,
however, openings could be provided through the side plates to provide

additinnal local radiation paths.
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Figure 4.1.3.1-5 is a side view of the ATM Canister cut along the
section lines indicated in the previous figure. An envelope restric-
tion of 124 inches is shown at the bottom of the sketch. This restric-
tion is due to the internal length of the ATM Canister. SAROS, at 109.5
inches in length, fits within the length envelope with enough margin to
allow positioning to match its CG with the required SPAR CG.

SEUTS has an overall‘length envelope of 135 inches which includes
an eight inch clearance at the aft end for thermal reasons. To accom-
modate SEUTS, a number of options were considered. Lengthening the en-
tire ATM Canistcr by providing spacers at :"1e attachment of the Sun and
MDA End Canisters to the girth ring is not workable due to the protrusion
into the cargo bay env:iope. Allowing the SEUTS to protrude through
the forward sun shield has some potential in that new aperture doors
must be provided in any case to handle the new instrument locations.
This local protrusion could accommodate an eleven inch extension and
remain within the cargo bay envelope, but only 2-3 inches would be avail-
able for the aperture door and insulation forwvard of the telescope. An
offset door arrangement could possibly be devised to handle this space
limitation. Another consideration with this approach is the effec™ of
thermal gradients on the instrument. Approximately 15 inches of the
telescope would be forward of the cold plate region. Further study is
required in order to reach a conclusion on the feasibility of extension

through the Sun End Canister.

Access to the instruments is achieved through the five MCA End
Canister access doors and two access doors on the Sun End closure. Fi-
gure 4.1.3.1-6 indicates a preliminary orientation of the new "H" section
spar within the canister that allows fairly good access through the MDA
End Canister cold plate access doors. However, due to the location
of the access doors near the lower end of the MDA End Cianister, they
will not provide complete access over the length of the instruments.

The forward two access doors are useable only for access just aft of the
sun shield. SAROS does have the majority of its access dcors on the

lower half of the instrument. SEUTS, however, has the film camera
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located approximately at the midpoint, and access compatibility re-
quires additional investigation and data.

Figure 4.1.3.1-7 is an end view of the canister showing a two in-
strument arrangement with SEUTS and ARC. Note that 1t is not possible
to ccmbine SAROS with ARC in the available canister space. The same
"H" section spar arrangeﬁent as for SEUTS and SAROS 1is used for these
instruments with the same subsystem equipment locations. Here again,
the CG can be maintained by relocation of subsystem equipment or by

the use of ballast. Figure 4.1.3.1-8 is the side view of the SEUTS

and ARC instrument configuration. In this combination, both SEUTS and
ARC excecd the 124 iach length envelope. At 130.5 inches, ARC appears
to be better suited to the protrusion approach because additional space
would be available for door construction. The large forward cross
section would, however, require a sizeable door and cutout to handle
the protrusion. Access provisions are similar to that shown in Figure

4.1.3.1-6.

In both instrument approaches, the forward sun shield area requires
modification to align the aperture doors with thc new instruments field
of view. The existing ten doors in the Sun End Canister were checked
against the new solar instrument requirements, and were found to be
incompatible. Because of malfunction during Skylab, the aperture
door mechanism will also require some upgrading to insure better reli-
ability. Any door redesign effort should consider a universal door ap-
proach that would allow alternate instruments and locations to be flown
without a omp' te door redesign. The two instrument design concept
has baselined the replacement of the existing door arrangement with two
new doors that will handle either SEUTS and SAROS or SEUTS and ARC.
Revision of the entire sun end closure assembly is required te provide

the new doors and also provide the cargo bay envelope clearance.

4.1.3,2 ATM System Configuration Options - In order to provide a

complete pointing system, the ATM Canister/Canister Support Structure

requires a sizeable list of supporting electronics and equipment.
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As mentioned in Section 4.1.2, the Skylab supporting hardware ras
proposed to be relocated off the ATM Rack Structure and integrated
into the new Electronics Component Unit (ECU). In addition, to inter-
face properly with the instruments, the use of Spacelab data system
components have been baselined (see Section 4.2). The use of these
three major system elements allows for two primary system configura-
tions. The first system ‘'uses the ATM Canister/Canister Support Struc-
ture along with the ECU that includes the Spacelab Igloo (containing

C & DH components). The second option involves the ATM/CSS and the
ECU, but utilizes the Spacelab module to provide the C & DH inter-

faces. Both of these approaches were looked at during the former

ATM studies.

This study investigated the feasibility of combining the sub-
system equipment from the ECU (including the Igloo) onto the Canister
Support Structure. Figure 4.1.3.2-1 depicts this Integrated ATM

configuration.

The Spacelab Igloo is shown mounted on the Canister Support

Structure torque box structure using a similar structural interface

as on the pallet. Mounting of the three Control Moment Gyros (CMG)
uses the orthogenal arrangement similar to Skylab. A truss structure
supports the CMG's and reacts the launch and landing loads (as well as
the reaction torques) back into the CSS structure. Control and data
handling, power, and pointing control equipment is now located below
the CSS octagon structure on equipment trusses located off the keel
support truss members. A list of the truss-mounted equipment is pro-

‘vided in Table 4.1.3.2-1.

A thermal enclosure is provided over this equipment and as noted

in the table, cold plates are required on some of the electronics.

The Orbiter active cooling system would be connected to the cold plates

using the Orbiter to payload interface system.

The integrated ATM Figure 4.1.3.2-1 also shows the new. two door,

aperture door arrangement discussed previously.
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Table 4.1.3.2-1 Integrated ATM Subsystem Equipment List

ITEM WEIGHT (1bs) | QTY. REMARKS

CMG Assembly 420 3
CMG Inverter Assembly 52 3 Cold Plate Mtg.
ATM Digital Computer 100 2 " " "
Experiment Pointipg | 185 1

Electronics
Workshop Computer 105 1 Cold Plate Mtg.

Interface
Acquisition Sun Sensor 1.5 2

Elect.
Voltage Regulator 14 1
Signal Conditioner Rack 15 4
Memory Load Unit .20 1
MLU Tape Recorder 10 1
Startracker Electronics 32 1
Remote Acq. Units (RAU) 21 4 New Equipment
Amplifier Package 8 1 " "
Electrical Power Dist. Box| 18 1 Spacelab Equipment
Inverters 73 1 " "
High Data Rate Recorder 104 1 " "
Fine Sun Sensor Sign.Cond. 17 1

Access to the ATM canister is achieved through an opening between the
CSS keel trusses (end view in figure). This access arrangement makes
use of the capability of the pointing system roll ring to rotate the
canister under lg conditions. This allows the five access doors to be

positioned in alignment with the opening.

As shown on the figure, the Integrated ATM measures 204 inches in
length (Igloo to CMG's) 194 inches wide (dimension across cargo bay
trunnions), and is 170 inches in height. The total system weight with
the heaviest combination of instruments is approximately 14,700 lbs.
This compares to 16,600 lbs. for the ATM and ECU (Igloo) option which
is 307 inches long.
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4,1.6 Instrument Pointing System (IPS) Interface - In this con-

cept, the ATM canister is used with very little external modification.
The existing thermal control system maintains an acceptable tempera-
ture for the experiments. A cylindrical shell provides the structural
interface between the ATM canister and the pointing system. The exist-
ing ATM pointing system is not utilized becauses the Instrument Point-

ing System controls the éxperiment orientation.

The European Space Agency's Instrument Pointing System (IPS) is a
precision pointing mechanism with three rotation gimbals: An azimuth
gimbal, a roll gimbal, and an elevation gimbal. (See Figure 4.1.4-1)
The payload is connected to the gimbal system at the Payload Attach-
ment Ring (PAR), which is attached in turn to the elevation gimbal.

The PAR, which is provided by Spacelab, connects to the ATM/IPS
Structural Interface Shell., This shell as previously mentioned, is a
cylindrical support structure which encloses the MDA end of the ATM
and attaches to the existing ATM girth ring.

During launch and landing, the payload is separated from the IPS
to prevent excessive loading of the gimbal system. The Payload Clamp
Assembly (PCA) supports the payload at the girth ring during these
periods. The PCA hardware is supplied with the IPS.

An Optical Sensor Package completes the Spacelab-provided IPS
equipment. This sensor, which can be used frr either solar or stellar
experiments, is mounted on the ATM at the girth ring. New hardware is

required to mount the optical sensor to the ATM girth ring.

The ATM/IPS system is mounted on a two-pallet train. The Payload
Clamp Assembly and the IPS gimbal structure are attached at the pallet
hardpoints. The two pallets aré fastened together which allows four
sill trunnions (two primary, two secondary) and one keel trunnion to

support the entire assembly. (See Figure 4.1.4-1)

A Spacelab-provided Igloo also is mounted on the pallet train.
This contains electronics associated with the Spacelab data and power

interfaces.
4-24
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The overall length of the payload from the edge of the Igloo
to the outside of the sun end canister of the ATM is 301,3 inches.
The center of gravity of the entire assem.ly, including pallets, is

129.6 inches from the sun end toward the IPS gimbal.

The ATM/IPS concept can accommodate experiment equipment length
increases. Canister extenders can lengthen either the sun end canister

or the MDA end canister 6f the ATM.

The total weight of the payload is about 13,000 1bs. The modi-
fied ATM canister with experiments and optical sensor weighs approxi-
mately 5,762 pounds. This is greater than the 4,405 pounds (2,000 kg)
design load for the basic Payload Clamp Assembly hardware. However,
if the pallet hardpoints are reinforced and replaceable PCA struts with
high enough load carrying capacities are used, the IPS and the PCA
can support 6,608 1lbs. (3,000 kg), which is well over the ATM weight.

The payload lies within the STS Cargo Bay Envelope when in the
stowed condition. The centerline of the stowed ATM is at 20400; the
outside edge of the sun end of the ATM is at Z,582.4 when the ATM is
deployed.

4,1.5 Annular Suspension and Pointing System Gimbal System (AGS)-

The ATM/AGS concept incorporates much .f the same equipment as the ATM/
IPS concept. The modified ATM canister is exactly the same with the
same structural shell; the existing thermal control system provides the

temperature control. The AGS controls the experiment orientation.

The ASPS Gimbal System (AGS) is a precision three-gimbal pointing
system similar to the IPS. (See Figure 4.1.5-1) The payload is attached
to the AGS at the Payload Adapter Plate (PAP) which is part of the Pay-
load Mounting Structure (PMS). The PMS connects to the roll gimbal.

The PAP is attached to the ATM/AGS Structural Interface Shell
which is identical to the ATM/IPS shell. The launch and landing lock
is also the same as in the ATM/IPS concept: the Paylcad Clamp Assembly.

The same two-pallet train with Igloo is used, and four sill trun-
nions and one keel trunnion attach the pallets to the Orbiter. The
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framework supporting the AGS 1is new.

The overall length is 301.3 inches, with the center of gravity
129.6 inches from the sun end. The ATM/AGS concept can accommodate
length increases in the experiments just as the ATM/IPS concept can,

using canister extenders.
The total payload weight is about 12,700 1lbs.

4.1.6 STS Integration - This section deals with physical inter-

faces between the Orbiter and the various ATM pointing system options. %

All of the pointing system options have been evaluated for potential

cargo bay locations and have been checked against the following
criteria: availability of Orbiter attachment. fittings, space for addi-
tional cargo, weight of STS cargo chargeable items, location near the §
Orbiter-combined CG, and the cargo element longitudinal CG location.
Of these criteria, cargo chargeable weight and location near the Orbi-

ter CG, bear further explanation.

Included in the STS cargo chargeable weight items are: the bridge
and retention fitting weights (keel and longeron), one EPS kit (See
Section 4.4, Electrical Power), and the Standard Mixed Cable Harness
(SMCH). For purposes of cargo CG, the entire SMCH (786 pounds) was
included in the cargo element weight. For a shared flight, the SMCH
weight would be shared with other cargo elements, dependent on weight

and cargo bay length relationships.

Location of the pointing system near the Orbiter center of rotation
(the Orbiter-combined CG is between X,1077 and X,1109) allows the point-
ing system to deal primarily with rotations (excludes translation ef-
fects), and also eliminates the coupled accelerations (due to lever arm

effects) on the pointing control system.

Figure 4.1.6-1'111ustrapes the ATM and ECU arrangement in the Orbi- .
ter cargo bay. The location selected puts the ATM canister/SPAR CG as
close to the Orbiter-combined CG as possible. With this configuration,
the ATM CG is five feet forward of the nominal Orbiter combined CG.
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ATM + ECU Cargo Element

Figure 4.1.6-1




ATM/CSS to Orbiter interfaces are .c attachment fittings X,1061.13
(keel and primary longeron) and X,1002.13 (stabilizing longeron).

The Spacelab pallet has been located in its most aft location and the
proper clearance between the Igloo and the ATM has been provided.
Thirty-four (54) feet of cargo bay space is available forward of the
ATM for additional payloads.

.

The arrangement using the Spacelab module is shown in Figure
4.1.6-2. Here the ATM and pallet are in the identical locations as
the previous sketch. Removal of the Igloo from the pallet does not
allow the ATM to move aft (nearar the CG) due to a lack of Orbiter
attachment points in this region. The module is shown in one of the
standard positions. It is apparent from the figure, that no additional

cargo can be 1lown with this configuration.

An Integrated ATM cargo is depicted in Figure 4.1.6-3. Here the
ATM has been located as close as possible to the region of the Orbiter-
combined CG. Lack of keel attachment fittings again prohibits a nomi-
nal combined CG range iocation. This configuration provides thirty

(30) feet of available space for shared payloads.

The ATM/IPS and the ATM/AGS concepts result in almost identical
cargo geometries and CG's. For this reason, a single STS ir..egration
figure is used to represent either the ATM/IPS or the ATM/AGS. Fi-
gures 4.1.6-4, 4.1.6-5, and 4.1.6-6 represent STS integration as far
forward as possible, as far aft as possible, and with the cargo CG lo-

cated at the STS combined CG, respectively.

Loading the cargo in the forward location leaves 5 feet forward
and 30 feet aft of the assembly. In the aft location, the space for-
ward of the cargo is 27 fee!, with 7 feet aft, When the ATM pallet
train i1s loaded at the CG location, 30 feet of space is left forward
and 4 feet 1s left aft, All cases result in the cargo element beiny

within the Orbiter longitudinal CG envelope.

4,1.7 Mass Properties - The mass properties effort has been

limited to top level weight and CG ascessments due to the preliminary
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ATM + Module + ECU Cargo Element
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Figure 4.1.6-3 Integrated ATM Cargo Element
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5

nature of the study. Table 4.1.7-1 provides a weight comparison of
the five pointing system options investigated in the course of the study.
Most of the entries are self-explanatory; however, the growth and STS

chargeable numbers can use some clarification.

The growth or weight margin number is baséd only on new structure
and new equipment weight.and therefore, may appear small when compared
to the total cargo element weight. The margin is actually greater than

207 of the new equipment weight.

The STS chargeable weight includes; one EPS kit, the complete SMCH,
and the retention/attachment hardware. ECU options include a larger
STS chargeable weight because they include retention hardware for both
pallet and CSS. The module option includes airlock and tunnel plus re-

tention hardware for module, CSS, and ECU.

The CG row at the bottom of the table provides the total cargo
element CG location, in Orbiter coordinates, for the five approaches.
The capability entry, presents a weight comparison of the maximum pay-
load weight for shared cargo. This weight comparison is based on an
assumed 32,000 pound sortie mission. A CG location is also given for
the shared payload. This number represents the most forward CG lo-
cation of the shared payload weight such that, the total cargo remains

within the Orbiter lorgitudinal CG curve.

4.1.8 Summary - The study results show that the ATM hardware has
the potential for reuse in either the ATM Pointing System mode or the
NASA-provided pointing platform options. Additional study effort is
required, for any of the hardware usage options, in the areas of; In-
strument size (both cross s2ction and length) versus canister envelope,
aperture door configuration (universal door versus dedicated doors for

each mission), and overall instrument accessibility.
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4.2 Commana and Data Handling (C&DH)

C&DH aspects of integrating the pointing systems into the Shuttle
payload bay wi_1 be discussed in this section. Payload instrument and
support system telemetry and cormmand requirements will first be defined.
Data system concepts which accommodate these requirements in conjunction
with the pointing systems under evaluation will then be explored.
Finally, recommendations will be made for onboard multiplexing, record-

ing, and eventual recovery oi these data using the Shuttle RF system.

4.2.1 Previous Study Conclusions - In reviewing the C&DH conclu-

sions reached during the earlier ATM feasibility study, it should be
noted that the scientific payload then consisted of the ATM solar in-
struments flown previously on Skylab. For that payload, it was con-
cluded that the ATM data system flown on Skylab, and presented in
Figure 4.2-1, be fully utilized. Obviously, this eliminated any ques-
tions of compatibility between the instrumerts and data system; but

did present some compatibility problems with the Orbiter data system.
The 72 kbps ATM telemetry consisting of 10 bit words had to be converted
to a PCM signal containing 8 bit words with a rate less than the 64 kbps
limit for Orbiter payloads. It was further recommended that the ATM
command system presented in Figure 4.2-2 be used. Using this approach,
onboard control of the payload was to be achieved by locating ATM con-
trol and display panels in the Orbiter aft flight deck.

4.2,2 Payload C&DH Requirements - Data and command requirements

were extracted from the instrument ERDs; and similar support system re-
quirements vere obtained from the earlier ATM study report. The in-
strument telemetry requirements are summarized in Table 4.2-1. Sample
rates for the individual analog and discrete channels identified in

the ERDs were assumed based on the data available c¢. past experience
with similar payloads. The serial PCM signals were defined in the ERDs.
The 1 »bps serial PCM rate used for SEUTS was based on data provided

by the GSFC project office.

Our interpretation of ERD statements indicates that tlere is a

similarity of data content in the SAROS video signal and the 524.3 kbps
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signal. The video is intended for onboard display and the digital
signal is transmitted to the POCC, and both are used simultaneously by
ground and onboard personnel for correlated instrument setup. ERD
statements indicate a desirability for some video transmission to the
POCC, but this is not specifically a requirement. Finally, it should
be remembered that the primary payload data is recorded on film, and
the data listed in Table 4.2-1 is intended for status monitoring, in-

strument setup, and subsequent data analysis.

Estimated telemetry required for the ATM subsystems e.g. the APCS,
TCS, and S&M, were extracted from the previous ATM study, and are
listed in Table 4.2-2, with no modification since the APCS and TCS sub-
systems remain intact and similar S&M monitoring is assumed. ATM tele-
metry for the C&DH (previously referred to as Instrumentation and Com-
munication) and EPS have been deleted since we plan on using available
Spacelab capabilities in these areas. However, to assess data bus load-
ing, estimates of data were made for these Spacelab subsystems. As in-
dicated in Table 4,2-2, a rather low level of experiment and subsystem

data bus loading is anticipated.

In evaluating the uplink command and control requirements of the
payload, consideration was given to potential uplink operational con~
straints identified by previous GSI'C studies. These constraints on
uplink command capability are introduced by the fact that these command
data flow through numerous facilities, equipment, and interfaces associ-
ated with the POCC, GSFC, NASCOM, MCC, TDRSS, Orbiter, and Spacelab,

The result is a considerably reduced effective command rate on the order
of 10 tec 100 bps rather than the 2 kbps published capabili‘y, due to
compounded processing and communication delays, numerous verification
loops, and communication interruptions. These constraints could result
in an average command processing time of 1-2 seconds. With these limi-
tations in mind, the payload command requiremehts tabulated in Table
4.2-3 were analyzed. Except for updating stored command pages associ-
aged with SAROS, and the SLAC memory update; the estimated uplink times

required are quite manageable ~nd should not adversely affect payload
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operations.

4,2.3 Data System Concepts - A decision was made early in this

study to utilize the Spacelab C&DH subsystem rather than the ATM data
and command system indicated in Section 4.2.1. The factors affecting
this Zecision are listed in Figure 4.2-3 and offer very compelling
reasons for the decision. It should be noted that the previous study
evaluated a payload consisting of the Skylab ATM instruments with which
the ATM data system was very compatible. Current instrument concepts

are more oriented toward a Spacelab-type system.

Our evaluation of data system concepts was initiated with a de-
finition of the detail interface between each of the instruments and
the Spacelab data system components, basically the Remote Acquisition
Unit (RAU). These interfaces are illustrated for each instrumert in
Figures 4.2-4 and 4.2-5. It should be noted in Figure 4.2-5 that sepa-
rate interfaces are shown for the WLC and SLAC although these are
physically recognized as a single instrument package. They have been
shown separately because, in reality, there are two separate data sys-

tems.

It can be seen from the surmary of stare channels on each figure
that each of the instrument pairs requl-es a substantial part of an
RAU's capacity, without giving any consideration to spare or rcdundant
channels. Redundant command channels would probably be quite desirable.
For either of the instrument combinations presented in Section 4.!, two
RAUs will be required, and will provide adecuate spare and redundant

channel capability,

Referring to Tables 4.2-2 and 4.2-3, it can be seen that the ATM
support subsystems require about 380 RAU channels for telemetry and up
to 125 channels for command. It seems safe to assume that these re-
quirements could probably be teduced by a more detai)_.d requirements
analysis if it hecame necessary to reduce the RAUs required. At least
4 RAUs are required to satisfy these subsystem requirements, and it
would be desirable for ore of these RAUs to be located on the ATM Cani-

ster to support the TCS and scme APCS components, However, the thermal
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analysis presanted in Section 4.3 will suggest an insufficient thermal
margin to accommodate any RAUs on the canister. In this event, all

the RAUs will be located on the CSS. This, or course, implies that the
instrument and support system telemetry and command leads, a total of
about 450 signals, will cross the ATM gimbals., Because of the limited
canister movement, this should not be a serious problem as substanti-
ated by Skylab performance where more than a thousand leads crossed

this interface.

4.2.3.1 ATM Approach - The C&DH configuration recommended for in-
tegration of the ATM and its payload with the Spacelab and Orbiter data
systems is shows in Figure 4.2-6. Major data system equipment within
the Payload, Spacelab module and Orbiter is indicated. The Payload part
of the diagram shows the instruments, the TCS and some APCS compenents,
and 3 o1 4 Rabs located on the ATM canister. If necessary, because of
thermal lir.itations, the RAUs can be located on the CSS with the remain-
ing 2 subsystem RAUs. Approximately 100-110 telemetry parameters from
the TCS and APCS require low level signal processing and amplification
before interfacing with an RAU., This signal processing is provided by
3 or 4 ATM Signal Conditioning Racks (SCR), each of which can accommo-
date 40 low level signals. These 100-110 conditioned, low level (20
millivolt) signals must then be amplified to the 5 volt level for com-
patibility with the RAUs. This will require design of a new amplifier

package consisting of about 120 parallel, integrated circuit amplifiers.

The RAUs interface with the Spacelab experiment and subsystem data
busses and computers within the module. The bus data plus the high rate
serial digital signals from the payload are combined in the high rate
multiplexer (HRM) and trawcferred to the Orbiter Ku-band system for
transmission, or stored on the high data rate recorder (HDRR). Payload
video is available for display in the module or iLhe Orbiter afi flight
deck (AFD). Payload control is possible from the module keyboard, the
AFD keyboard, or from the ground POCC.

Figure 4.2-7 shows the C&DH configuration when the Spacelab 10dule

is not used, and tne data system hardware is housed iz the Igloo. Pay-
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load control is then effected from either the AFD or POCC. The other
change of significance is the fact that the HDRR does not fit in the
Igloo, and will, therefore, be located on the CSS.

An option exists to control ATM pointing using either the ATM
Digital Computer (ATMDC) or the Spacelab subsyster computer. Avail-
ability of both the ATMDC and the required software makes this the
cost effective approach., It is therefore necessary to interface the
ATMDC with the Spacelab data system for control and monitoring purposes.
An approach to achieving this interface is presented in Figure 4.2-8,
One problem is presented by the telemetry data generated by the com-
puter, which is a 50 bit word format occurring 24 times per second.
Serial digital inputs to the RAU must be in a 16 bit word format up to
a maximum of 32 words per message, at a clock rate of 1 Mbps. This in-
compatibility can be resolved by providing a Buffer consisting of a 5C
bit register to receive the ATMDC telemetry, which is then clocked out
in 16 bit words at a 1 Mbps rate. The Buffer would also process the
User Time Code (UIC) signals to provide the 1 and 24 pulse per second
signals required by the ATM. For on-off commands, the ATMDC requires
a minimum 28 millisecond pulse and the RAU generates a 100 millisecond
pulse. There may be some pulse level or drive current processing re-

quired, which would also be inciuded in the Buffer package.

Figure 4.2-8 also shows an ATMDC interface with the Workshop Com-
puter Interface Unit (WCIU) via dual parallel 16 line interfaces. The
WCIU provides signal conditioning for two-way data exchange between the
ATMDC and components of the APCS, as indicated in Figure 4.2-9. Even if
a decision is made . ¢ to use the ATMDC, it will probably be desirable
to retain the WC.J, and therefore, an interface with the data bus must
be provided for two-way data exchange. The 16 line input to the WCIU
can be provided by adding a serial-to-parallel converter to accept the
16 bit serial words from the RAU. The 16 line output from the WCIU can
be directly introduced to the RAU discrete inputs.

4.2.3.2 1PS Approach - The T&DH configuration recommended for in-
terfacing an IPS mounted payload to the Spacelab data system is prasented
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in Figure 4.2-10, which assumes use of the Spacelab module. The over-
all configuration and data interfaces are very similar to those re-
quired for the ATM. Some constraints do exist with the number of wires
crossing the IPS gimbal interface. A cabling harness accommodates wiring
for three RAUs mounted on the IPS attachment ring, which would be ade-
quate to support the instruments considered in this study. The harness
also includes wiring for three HRM channels, which again is adequate;

but provides wiring for only one video cable, whereas our instrument=

generate two video signals.

Some consideration las been given to mounting the ATM canister
plus instruments on the IPS. The numerous TCS telemetry channels and
commands could be accommodated by a single RAU, but a problem would be
encountered in processing the approximately 40 low level measurements.
One possible solution would be to mount the required Signal Conditioning
Racks and associated Amplifier stages external to the ATM canister so
the low level data could be conditioned and fed into the RAU bafore
crossing the gimbals.

Figure 4.2-11 illustrates the C&DH configuration for the Spacelab
Igloo configuration, which indicates the same impact as for ATM with
respect to the HDRR.

4.2.3.3 AGS Approach - The typical C&DH configuration and data in-
terfaces associated with an AGS mounted payload are depicted in Figure
4,2-12, The diagram clearly shows two data bus interfaces with the
platform-mounted components. Onz bus interface is typical for a science
payload interfacing with the Spacelab data system. The other bus inter-
face controls and monitors pointing control hardware on the platform

under control of a dedicated NSSC-II computer located on a pallet.

As in the case of the IPS, a limited wiring interface across the
AGS gimbals is prcvided for payload power and signals., An adequate num-
ber of twisted-shielded pairs are available to accommodate data bus
wiring to several RAUs plus high rate digital channel inputs to the HRM.
A possible problem appears to be the lack of any capability to carry
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payload video signals across the gimbals.

4.2.3.4 Payload Data Handling - The primary components within the

3pacelab data system which process the scientific data are the HRM and
HDRR, regardless of the pointing platform involved. The HRM combines
the high rate digital signals from the payload, as shown in Figure
4.7-13, with the data bus, digitized voice, and timing signals. The
HRM has the capability to combine up to 48 Mbps of data, so any combi-
nation of the instruments in questicw utilizes only a small part of that
capability. The combined rate of the three instrument data signals,

as indicated in the figure, is about 1.7 Mbps. Since the BRM and HDRé
operate at binary multiples with respect to 1.024 »Mbps, the HRM would
generate a 2 Mbps signal to accommodate the peak payload data rate.

For a combination of only the SAROS and SLAC instruments as an example,

a 1 Mbps HRM rate would be adequate.

During those periods when RT transmission is not possible, the
HDRR is available to store the 2 Mbps for extended periods i1f required.
Playback of this data is possible at a 1:1 rate or in binary multiples.
As presented in Figure 4.2-13, the data is played back through the HRM
and combined with any K. data being generated. The figure also in-
cludes a table of Ku-band iink capability, which shows a PM mode
capacity to handl- digital rates up to 50 Mbps. Also interesting is
the FM mode capability used to recover video data simultaneous with a
digital signal up to 2 Mbps. This means that RT payload digital data
of 1.7 Mbps could be transmitted at the same time as a payload video

signal.

The approach used to combine the various data signals within the
HRM is clarified somewhat by the format diagram illustrated in Figure
4,2-14. The basic HRM format consists of a 96 word (16 bit) frame
generated by sequencing through 16 columns of 6 lines each, and result-
ing in 1536 bits/frame.

The 2 Mbns HRM rate is produced by repeating this sequence 1330
times per second. ince the SEUTS produces a 1 Mbps signal, this will
cons'me about half the format or 48 words, with 25 required for SAROCS,
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and 1 or 2 for SLAC. The synchronization, voice, timing, and bus ddta
require less than 10 format words. This format will then produce
about 1.7 Mbps of multiplexed payload data plus 0.3 Mbps of spare or
filler bits.

Figure 4.2-15 presents a possible HRM format capable of accommo-
dating 2 Mbps of RT data at the same time as 2 Mbps of recorded data is '
played back through the HRM. §

4.2.4 RF Link Support - RF support to the payload will be provided

by the Shuttle RF systems, principally the Ku-band system. A summary
of predicted RF link circuit margins for the Shuttle communication
links is provided in Figure 4.2-16. It can be seen that the Ku link
provides a +3.3dB margin for a 50 Mbps signal, wiich indicates that

strong margins in excess of 10 dB can be expected for payload rates on

the order of 10 Mbps or less. The margin for a video signal is pre- §
dicted to be +5.5 dB, which should be adequate for the intended use of S
these data to support onboard instrument setup. A good uplink margin |
of +7.3 dB is predicted for command and voice transmission to the

Shuttle. Only very limited support is provided by the S-bank Shuttle-

to-TDRSS system, As the fig: ce indicates, this link can only handle

the Shuttle engineering data at a 192 kbps rate, which can contain up

to 64 kbps of payload engineering data. This link should not be consi-

dered for recovery of payload science data.

4,2.5 C&DH Conclusions - The following conclusions are drawn from

the C&DH study effort:

a) It is both performance and cost effective to use the
Spacelab data system rather than the ATM data system,
which has some serious incompatibilities.

b) The ATM payload instrument and support system data and
command requirements can be satisfied efficiently in
efther the Spacelab module or Igloo configuration.

c¢) It is probably cost effective to use the ATM digital
computer and available software for control of the

pointing system. Only minor interface problems will be
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d)

encountered between the ATM computef and the Spacelab

data system.

The: instrument payload under consideration can be supported
satisfactorily by the Spacelab data system when mounted on
either the IPS or AGS, if a way is found to carry the two
video signals across the gimbals. Use of the ATM canister
for thermal and structural support of the payload on either
the IPS or AGS will require mounting of 2 or 3 RAUs >n the
ATM to avoid wiring problems across the gimbals.
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4.3 Thermal Control System

This section describes the solar scientific instruments thermal
requirements, ATM canister thermal environment, instrument combinations
and ATM/STS design concepts. The main objective is to illustrate thermal
compatibility if possible of the configurations (Integrated ATM, IPS/ATM
and AGS/ATM) introduced in Saction 4.1,

“.3.1 Instrument Thermal Control Requirements and Descriptions -

The scientific instruments thermal control requirements and descriptions
are summarized in Table 4.3-1. The operating temperatures and accept-
able thermal gradients of the instruments are within the design capa-
bility of the A™ .hermal canister pr-vided environment. It may be re-
quired to coordinate localized instrument hof spots with view ports in
the instrument support structure to the ATM canister cold plates to ob-
tain the instrument thermal gradient requirement. The internal scienti-
fic instrument thermal control systems are all compatible with the pro-
vided ATM canister thermal environment, (i.e., designed to operate in

an enclosed thermal environment).

4.3.2 ATM Thermal Canister - The ATM canister incorporates an

active thermal control system to provide the instruments with acceptable
non-operational and operational thermal environments. The system in-
corporates a closed fluid loop (methanol/water) with a 900+ 50 1lb/hr
flow rate. The fluid loop splits prior to the cold plates, therefore,
there are two parallel flow paths with eight cold plates in series per
path, for a total of sixteen (16) cold plates. One path removes heat
from the sun end of the canister and the other from the MDA end. The
flow then combines and is directed to a modulation flow control valve.
This control determines the percent of fluid flow to be directed to the
500 watt capacity in-line heaters and the balance of the fluid is directed
to the radiators for fine temperature control. The fluid loop is then
completed. The ATM canistef thermal control system provides 50°+ 1.59F
(10° + 0.6°C) cold plave temperatures and a 500 watt heat transport
capacity. The thermal control system is ifllustrated on Figure 4.1.
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4.3.3 Two Instrument Concept - Both ATM/Instrumeat concepts ana-

lyzed incorporated two instrument combinations. These two configurations

are illustrated in Figures 4.3-2 and 4.3-3. The maximum power dissipa-

tion for the two instrument concepts and available power design margin

provided by the ATM canister are illustrated in Table 4.3-2. Tl ‘s table

vas generated based on a 500 watt heat load with a 3°F temperature rise

across the cold plates.

by the system if a 5°F temperature rise is acceptable to the sc'entific

instruments.

4.3.4 ATM/STS Design Concepts - The three design ~oncepts consi-

A heat load of up to 800 watts can be handled

dered are Integrated ATM, iPS/ATM and AGS/ATM. Each ccncept will be

discussed separately.

4.3.4.1 Integrated ATM - The Integrated ATM configuration is 1llus-

trated on Figure 4.3-4.

be addressed for this configuvation.

a) The aft end of the canister provides mounting surface

There are a number of thermal considerations to

fo. experiment aud TCS components. The components are

thermally isolated from the surface by fiberglass stand-

off mounts and multilayer insulation. The components'

temperature limit range is -12° to 50° C. An exposed

payload (P/L) bay would provide a eink temperature of
approximately 105° ¢ which is unacceptable to the com-
ponents. By shielding the P/L bay from the sun around

the canister support structure with a silverized Teflon

coated shade, it would provide a sink temperature of ap-

proximately -4° C, Passive thermal control of aft mounted

components 1is feasible in this environment. It is impor-

tant that the sun shield be tilted eway from the ATM

radiator surface to prevent additional heat load on the

ATM canister TCS,

b) The components that were originally mounted on the Skylab

ATM rack will be mounted on the canister support structure.

An all-passive TCS would not be adequate for a number of
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these components, therefore, the utilization of the Spacelab

active thermal control system is recommended.

The system, by means ¢~ cold plates and a Freon 21
fluid loop, is capable of transferring to the Or-
biter radiator via the payload heat exchanger up to
6.3 kw of thermal energy. The proposed components
to be cold plated are three CMG Inverter Assemblies,
two ATM Digital Computers, one Workshop Computer I/F
Unit, and two High Data Rate Recorders.

4.3.4.2 TPS/ATM and AGS/ATM - From a thermal viewpoint, the IPS
and AGS systems are similar and will be discussed as one. The IPS/ATM

configuration is illustrated on Figure 4.3-5. One ATM thermal control
system component was moved into the canister environment and provides an
additional 25 watt heat load for these two concepts. To reduce parasitic
heat load on the ATM thermal control system, the support housing to the
IPS and AGS mounting rings are lined with multilayer insulation. Addi-
tionally, since the TCS is self-contained in the canister, no fluid

lines need to cross the gimbals.
4.3.5 Conclusions

The following conclusions were derived from the thermal analysis:

® The ATM TCS is compatible with instrument temperature

limits and constraints,

® The ATM TCS is compatible with power dissipation require-

ments ... both instrument combinations, ancd

® All the thermal problems related to Integratad ATM, TPS/ATHM
and AGS/ATM are workable.
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4.4 Electrical Power System

The ATM, IPS, or AGS have no active power systems and must re-
ceive all of their electrical power from the Orbiter/Spacelad power
system. Therefore, the power analysis.consisted of an evaluation to
determine if the Orbiter/Spacelab could supply the power required by
each of the concepts disqussed earlier in this section. The avail-
ability of power for the analysis was obtained from the Spacelab Ac-
commodations Handbook.

4.4.1 Power/Energy Constraints - The electrical energy for ATM is
supplied by fuel cells loca‘ed in the Orbiter and is, therefore, depen-
dent on availability of fuel cells dedicated to payload use. The
normal configuration of the Orbiter power system provides 50 kw hours
to the payload and a dedicated fuel cell provides 840 additional kw
hours. The power avajlable from the fucl cells is limited by the heat
rejection capability of the Orbiter and is 7 kw for normal maximum
continuous operation and 12 kw for pulse load operation.

4.4.2 Power/Energy Usage - The power levels required for each in-

strument considered for the ATM program are given in Table 4.4-1.

"SLAC" and "WLC" are combined into a single instrument designated

as "ARC". The only feasible combination of instruments due to physical
constraints are "ARC" + "SEUTS" and "SEUTS" + "SAROS". Peak power re-
fers to th: worst case peak having a duration of less than approximately
1 minute in duration. Average power is power averaged over the mission

and maximum continuous power is continuous power exclusive of peaks.
g

Figure 4.4-1 demonstrates the load requirements for each power
user that makes up the total load requirement. The total load that
comes out of the 7 kv allotment consists of the ATM instruments,
mission dependent C&DH components, ATM support (subsystems) and basic
Spacelab power. The basic Spacelab power requirement depends on equip-
ment configuration. If the pressurized Spacelab module is hsed, 655
watts are required. If the pallet/Igloo or integrated ATM Igloo confi-
guration is used, only 235 watts are required. Both the power limit of
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seven (7) kw and the energy limit of 890 kwh are exceeded for the
module configuration, whereas considerable margin exists for the other

configurations.

4,4.3 Electrical Power Distribution - The simplified bloc ¢ dia-

gram of the electrical power distribution system is shown ir Figure
4.4-2, Electrical power is routed from the Orbiter fuel cells to
either the Spacelab module or to the nressurized Igloo where C&DH
components requiring pressurization are located. Power is then routed
to either the pallets or to the canister support structure (C3S) where
C&DH components are mounted and then to the subsystems and experiments
in the ATM canister. The emergency box power has limited usage for
equipment designated as warning and caution. The primary DC bus from
the Orbiter provides subsystem and experiment power in the module by
way of distribution boxes and distribution panels for the module con-
figuration. In the pallet/Igloo configuration subsystem C&DH power
is supplied in the Igloo and experiment power is supplied by wav of the
Igloo to the pzllet for experiments 2nd subsystems (IPS and AGS confi-

guration).

[n the integrated ATM configuration, the Igloo is physically mounted
to the CSS. Power is supplied to the subsystems and experiments through

the Igloo to a power distribution box also mounted on the CSS.

4.4.4 Conclusions - The Orbiter/Spacelab systems provide and dis-
tributes the power required by the ATM subsystems and experiments. There
is, however, an operational constraint associated with the use of the
Spacelab module configuration. Power management would be required in
this configuration to limit both power and energy to the constraints
of the Orbiter. No new hardware is required by the Power system except

interconnecting power distribution harnesses.
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4.5 Attitude and Pointing Control

Three systems for attitude and pointing control of the Solar
Scientific Instruments in the Shuttle Orbiter/Spacelab were reviewed.
The first system identified as the "ATM Integrated'" maximizes the re-
use of the ATM control system hardware and software from tie past Skv-
lab Program. The second ancd third systems reviewed utilized the Space-
lab Instrument Pointing System (IPS) and the Annular Suspension and
Pointing System Gimbal System (AGS). In both the IPS and AGS concepts,
the ATM canister, with instrument payload was attached directly to the
pointing platform's payload mounting rings. See Figures 4.1.4-1 and

4.1.5-1.

The payload instruments used for each review consisted of the
SAROS, SEUTS and ARC as defined in Section 2.0. Pointing requirements
with respect to pointing accuracy, knowledge of accuracy, stability,
jitter and roll range were extracted from the GSFC furnished Experiment
Requirements Documents (ERDs). These extracted requirements are listed
in Table 4.5-1. Also listed in the last column of this table are the
performance characteristics of the ATM/CMG system as demonstrated

during Skylab. Discussion on this subject is covered in Section 4.5.8.

There are some areas of ambiguity with respect to these requirements.
For example; the stability requirement is usually related to an exposure
or integration period of the experiment during which the movement is not
to exceed some specified value. For the SAROS, the line-of-sight sta-
bility requirement fits this definition, but the roll stability does not

and requires some further interpretation from the experimenter.

The notes pertaining to roll range requirements (Table 4.5-1) bring
out the conflicting requirements among the three experiments with re-

spect to control of the roll axis of the pcinting system.
More specifically:

a) The SAROS experiment requires the roll setting to

remain fixed through a sun-side pass in order that
a programmed sequence of observation points can be
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observed during the pass. There are no stated re-

quirements on roll range.

b) The SEUTS experiment requires alignment of the
instrument slit parallel to the long dimension of
the solar feature under study. Once a feature has
been selected and the roll setting made, the setting
is to be held during the remainder of the pass. A
requirement for +180 roll range is stated in the ERD,
however, it should be noted that a +90° range would
allow the slit to be aligned parallel to auny given

angle on the sun disc.

¢) ARC desires to carry out a survey of the solar
corona at l4 increments of roll (i.e., 26 degrees)
to provide 360° coverage. The assumption has been
made that this 360° mapping should be completed dur-

ing one sun side pass.

These requirements are derived from the primary operating mode of

each of the experiments.

The conclusion to be drawn is that only one of these three experi-
ments can operate in its primary objective mode at any given time.
Concurrent operation by a second experiment would of necessity be in

some secondary objective mode.

4.5.1 Integrated ATM in Shuttle Orbiter - Similar to the Skylab
application, the ATM Control Moment Gyro (CMG) System is used in the

integrated system to point and stabilize the Shuttle Orbiter to a coarse
alignment in three axes. The Experiment Pointing and Control System
then provides the fine pointing accuracy and stability to the ATM cani-
ster mounted instruments. This concept yields several performance
features:
a) The system has operated successfully in the
similar Skylab application during spaceflight

for an extended period of time.
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b) The system provides control which has potential

for future payload precise pointing applications.

c) The system minimizes exposure to payload contami-
nation frcm the Orbiter VCS thrusters.

4,5.2 Control Moment Gyro Subsystem - Orbiter pointing attitude

information is derived in a strapdown reference computation in the ATM
Digital Computer (ATMDC). Sensors for the computation are mounted on

the Canister Support System (CSS). Rate gyros, as shown in Figure 4.5-1,
provide three axis rate information for stabilization and inner loop
position. The Acquisition Sun Sensor is used for updating of vehicle
attitude information for the pitch and yaw pointing system control.

The Star Tracker is used to update the pointing system roll attitude
computation. The ATMDC processes the sensors signals with a CMG control
law to generate CMG gimbal rate commands. Momentum management compu-

tations are also performed by the ATMDC.

Three double-gimballed CMGs orthogonally hardmounted to the vehicle
through the ATM Integrated Support Structure are shown in Figure 4.5-2.
They are oriented with their gimbal axes as shown in Figure 4.5-3 such
that any two can control all three axes in the event one fails. They
provide the torques required for vehicle control. Each CMG has an
angular momentum storage capability of 2300 ft-lb-sec at torques up
to 160 ft-lb. Inner gimbal freedom is +75 cegrees and outer gimbal
freedom is +215 degrees to -125 degrees. The rotor runs at approxi-

mately 9000 rpm.

The three-CMG cluster requires periodic desaturation of its momentum
buildup due to noncyclic components of gravity gradient (GG), aerodynamic,
venting, and other disturbance torques. To minimize the bias compo-
nents of the GG torques, the vehicle's principal axis of minimum inertia
(X-axis) must be maintained in or near the Orbital plane attitude.
Periodic firing of the Orbiter's VCS thrvsters will be required to coun-
teract he residual momentum buildup. This technique will eliminate

the need to perform vehicle GG maneuvers on a per orbit basis to de-
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saturate the (MG subsystem, and thus allow for long term experiment

viewing time.

The Acquisition Sun Sensor has a +20 degree field of view in
each axis. Unit accuracy is approximately +2 arc minutes. Two of

these acquisition sun sensors are used for redundancy.

The Star Tracker has a tracking accuracy (gimbal position readout)
of +30 arc seconds (1 sigma) with outer gimbal freedom of +87 degrees
and inner gimbal freedom of +40 degrees. [t can operate to within
about 5 degrees of the earth albedo and to within about 45 degrees of
the sun. One star tracker is used. Backup roll attitude is obtained
from Orbiter state vector data and CMG subsystem roll rate. The Rate
Gvro Packages measure vehicle rates ir one of two modes: coarse is up
to +1 degrec per second and fine is up to +0.1 degree per second. Com-
pensated drift rate is +0.1 degree per hour. Two Rate Gyro Packages
are orthogonally nounted in each of the three pointing axes, i.e., the

gyro system is fully redundant.

4.5.3 ATM Digital Computer/Workshop Computer Interface Unit - The
ATM Digital Computer/Workshop Computer Interface Unit (ATMDC/WCIU) sub-

system provides high speed general purpose computing capabilities along
with a multi-purpose, flexible input/output capability. [t accepts
analog and discrete signals from several sources which are used to per-
form calculations under the direction of a stored program, and also pro-
vides analog and discrete outputs to several devices. The subsystem
consists of two identical ATMDC units and a single WCIU unit. The WCIU
is divided into two identical sections and a common section. One

ATMDC unit and one corresponding section of the WCIU along with the

WCIU common section are always used. The other ATMDC and corresponding
WCIU section are powered down and kept in a standby mode to provide re-

dundant operation.

The ATMDC/WCIU subsystem is recommended for use becavse most of the
software modules are available and proven and the hardware interfaces

are simpler than multiple interfaces to RAU's for Spacelab computation.

4-88



The subsystem will be connected to the Spacelab computers through re-

dundant RAU's for uplink of commands and to obtain telemetry and house-

keeping data.

The software requirements of the Spacelab ATM payload are similar
to, but less demanding than those of the Skylab program. Modification
of the Skylab program consists of deleting those routines no ionger re-
quired, and simplification of those remaining routines, where appropri-
ate. The Spacelab ATM APCS redundancy management philosophy is quite
different from that of Skylab. For the Spacelab ATM mission, the APCS !
redundancy management will consist of failure detection of the CMG sub-
system with maintenance of sufficient information to allow ground or
crew detection and isolation of failures in the Acquisition Sun Sensor

and RGP's subsystems.

4.5.4 Experiment Pointing and Control Subsystem - The Experimenc

Pointing and Control Subsystem (EPCS) consists of the Experiment Point-
ing System and the Roll Positioning Mechanism, implemented in an iden-
tical fashion as on the Skylab. A block diagram of EPCS is shown in

Figure 4.5-4. The experiment package and EPC sensors are mounted to a

three-degree-of-freedom spar that is contained in the CSS.

The spar-mounted Fine Sun Sensor (FSS) provides experiment package
position information and the spar-mounted RGPs provide rate information.
In the Experiment Pointing Electronics Assembly (EPEA), the position
and rate signals are summed after passing through bending mode filters
and then amplified by a current amplifier to drive actuator (DC torquer)
pairs. One pair is located on the pitch gimbal and the other on the
yaw gimbal. The two actuators of a pair operate in parallel for re-
dundancy and power reduction purposes, and provide a total torque cut-
put of 14 1lb-ft. Should a single amplifier or torquer fail, the lcop

can operate with the remaining amplifiers and torquer.

The experiment package can be offset pointed in the pitch and yaw
axes over a range of +24 arc-minutes, with the center of the solar disk

being the zero position. The solar disk measures approximately 32 arc-
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minutes from limb to limb. Offset pointing is accomplished by pcsition-

ing an optical wedge located in each channel of the FSS. The wedge is
mounted in the path of the sunlight passing through the FSS optics, and
can be rotated to refract the sunlight a fixed angle in a controlled
direction. The wedges are positioned by a drive mechanism controlled
by an astronaut operator via the Manual Pointing Controller. A wedge
of fset produces a FSS output error voltage that causes the spar to ro-
tate about the appropriate axis and point the FSS, and thereby the
experiment package, in a direction that will drive the FSS output vol-
tage to null. Stability is then automatically re-established at the
offset position and maintained by the EPC subsystem.

Two RGPs are mounted with their input axes aligned in the pitch
axis; two additio al RGPs are aligned in the yaw axis. One gyro per
axis is redundant and may be activated by ground command or by the astro-

naut. All spar-mounted gyros are identical to the CSS-mounted units.

The Fine Sun Sensor has a field of view of about +5 degrees in
each of two axes. Full scale electrical output is about +1 arc-minute.
Pointing accuracy is +2.25 arc-secondc (2 sigma) and short term sta-
bility is +0.1 arc-second. Offset pointing range capability is +24.21
arc-minutes in both pitch and yaw. The FSS consists of a single opti-

cal system with redundant position sensors.

The EPEA is an analog electronics assembly whica performs the en-
tire EPCS closed loop computation to control the actuctors utilizing
the RGP and FSS sensors inputs. It is cross strapped redundant. Con-
nection through a RAU to the Spacelab computer provides for uplink com-
mands and transmission of telemetry data. A minor change to the EPEA
is required to tune the bending mode filters to the EPCS mass distribu-

tions.

The electromechanical system consists essentially of three large
concentric rings; a pitch gimbal ring, a yaw gimbal ring and a roll ring.
This gimballing system as shown in Figure 4.5-5 is free to pivot +2 de-

grees in pitch and yaw and +120 degrees in roll. Compensated flexure
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pivot actuators operating in parallel provide the required motion about
the two pointing axes; motion about the roll axis is provided by a
single roll actuator. The caging system, i.e., launch locks, will be
redesigned to constrain the pitch and yaw rings under vehicle launch
and re-entry conditions. The existing system is released on orbit and
cannot be recaged. Orbital locks provide on-orbit caging of the pitch

of yaw gimbal ring as required.

4.5.5 Orbiter Reaction Control Svstem - The Orbiter Reaction

Control System (RCS) is the propulsion system used mainly for vehicle
control during on-orbit maneuvering and initial re-entry control. It
is also used, to a limited extent, during ascent. The Orbiter Vernier
Control System (VCS), which is a part of the RCS, is a candidate for
base stabilization in lieu of the CMG system or as a backup. The VCS
is a mass expulsion'system composed of six 25-pound thrusters which can
be used for on-orbit Orbiter-payload pointing and stability purposes.
The VCS will be used to perform the CMG momentum desaturation for the

Spacelab ATM missions.

4.5.6 Pointing and Stability Capabilities - The CMG Subsystem

(Orbiter vehicle base pointing) and EPC Subsystem (Fine pointing)
pointing and stability capabilities are tabulated in Table 4.5-2. These
APCS stabilities, achieved during the 5kylab mission, were established
from analysis of flight data for selected mission time periods. The
feasibility of the Spacelab ATM APCS to achieve these levels of stability
is a critical function of the distufbance environment for the Spacelab
ATM mission. Crew motion, Orbiter and payload venting, and the solar
experiment package operations must be controlled if the Spacelab ATM APCS
is to attain the quoted stability margins. Figure 4.5-6 is a pictorial
description of Pointing Accuracy, Stability, and Jitter.

4.5.7 Alternate Approaches - Three alternate subsystem applications

of ATM versus Orbiter/Spacelab hardware and software were reviewed.
These reviews were conducted to determine if portions of the ATM capa-
bility could be used in conjunction with the Orbiter/Spacelab capability

to enhance experiment operation and performance. The trades conducted
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were:

a) The ATM CMG Subsystem versus Orbiter VCS control for
base pointing.

b) The ATM versus Orbiter sensors for rate/attitude inputs.
c) The ATMDC versus Orbiter/Spacelab computers for CMG

control.

Table 4.5-3 lists the conclusions along with salient reasons
for employing the complete complement of ATM control syvstem hardware

and software.

4.5.8 Assessment of ATM/CMG Performance - The predicted Shuttle/

ATM performance characteristics of the ATM/CMG system, based on Skylab
data have been listed in the last column of Table 4.5-1.

Those areas where the predicted ATM performance does not meet the
experiment ERD requirement have been highlighted with asterisk marks in

the upper left hand corner of the block.

The first area of deficiency is "knowledge of accuracy' where the
SAROS and SEUTS requirement of +1 arc second relates to the +2.5 arc
second capability of the ATM, and the corresponding roll axis require-
ments of +370 and +180 arc seconds relates to the +540 arc seconds
capability. The roll performance of the ATM is not integrated into the
fine control guidance loop and is basically set by the roll control
capability of the CMG system. Better "knowledge of accuracy" perfor-
mance could be attained by use of the ATM star tracker to indicate the
roll angle at any given time. The performance in LOS knowledge is
basically set by the fine sun sensor of the ATM. Significant improvement
in this area would require a more sophisticated angle reference system
be incorporated to supplement the pointing knowledge derived from the

ATM fine sun sensor.

The second area of deficiency is the roll stability requirement of
SAROS. As was noted earlier, this requirement is suspect of being mis-

interpreted because of the apparent inconsistency with the associated
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LOS stability requirement for the same experiment.

The third area of deficiency is the +0.25 arc second limit require-
ment on jitter for SAROS which compares to the +l1 arc second performance
of ATM.

The final area of deficiency is the 360° roll range requirement
of ARC as compared to the +120° roll range capability of ATM.

4.5.9 Dornier IPS and Sperry AGS Pointing and Stability - Speci-

fication values for pointing and stability performance of the Dornier
IPS and Sperry AGS were extracted from the latest published documenta-
tion and are shown in Table 4.5-4. The figures are indicative of the
capability of these systems with the instruments mounted in the ATM
canister, which in turn is end mounted to the payload attachment ring
(IPS) or payload adapter plate (AGS). However, the published data was
insufficient to draw cay conclusions as to the capability of these sys-
tems to provide the pointing knowledge, stability, and jitter required
by the solar instruments used in this study.
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5.0 COST ANALYSIS

This section presents the costing groundrules, methodology

and cost estimates derived for each of the three configurations

baselined during the study. As will be¢ noted; cost estimates were

provided only for the new and modified equipment required for each

configuration,

Total cost for implementing each of the configurations,

will in addition to the tabulated costs in this section, faclude the

costs for:

®Removal and transportation of the ATM equipment

from bonded storage to the place of rework:

eDisassemblying, inspecting and testing the

hardware;

®Replacement of time critical hardware items;

oSoftware check-out and modification; and

®Re-assembly and svstems check-out of the hardware.

Further technical studies must be conducted to determine the costs

associated with these tasks.

3.1 Costing Groundrules - The groundrules listed below were used

in this costing exercise:

A)
B)

C)

D)

E)

Constant 1981 dollars.

Estimates are contractor costs including

G & A and excluding fee.

ALl individual estimates are for an end
item quantity of one protoflight unit.
Estimates exclude all system level assembly
and test costs.

All existing ATM drawings and hardware are

GFE to contractor.

5.2 Methodology - Cost data and estimates were derived from the

following sources:

PP R



A

A) Parametric Cost Analvsis
1) RCA Price Model
2) NASA-JPL Cost Prediction Model for Unmanned Space-
craft Exploration Missions.
3) Martin Marietta Aernspace Division data base and

cost estimating relationships.

The RCA Price Model is an appropriate estimating tool for concept iden-
tification cost studies and has been extensively In use at Martin
Marietta since 1977. Recently developed algorithms enabled us

to examine cost sensitivities to variations in such structural cost
drivers as material tvpe, part tolerance, number of parts per assemblv,
and reliability (man rating versus lesser requirements). Further,
technology improvement features of the model provide declining cost
curves through time allowing for improved processes to reduce cost from
that otherwise extrapolated from existing hardware. Other variables
deal with weight, degrees of new design, engineering experience, cal-

culation of schedules and prototype quantity and cost relationships.

The use of this model will also enable the data from the studv to
be more readily emploved by Goddard's own analysts as well as provide
a common baseline and vocabulary for inter-organizational discussion.
The Cost Prediction Model for Unmanned Spacecraft Exploration Missions
developed bv NASA/JPL was used in this study to substantiate the RCA
Price Model cost estimates. This dollar per pound analysis was based
on an aluminum structure of an advanced spacecraft. This analysis sub-
stantiated the RCA Price Model cost estimates. 1In addition, reasonable-
ness checks were made by utilizing the Martin Marietta Aerospace Division

data base and cost estimating relationships.

5.3 Cost Estimates - The cost estimates for the three configura-

tions defined in this study are summarized in Tables 5-1 and 5-2,
Table 5-1 (Cost Comparison Summary by Configuration), identifies cost
by line item for each of the three configurations. Table 5-2 (Cost
Breakdown Summary by Configuration) gives a breakdown of costs for all

three configurations.

5-2
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The same methodologies sere used to estimate each configuration.
Therefore, a comparizon of the costs of these three configurations
allows analysis .f the effect of decisions envolving the same design
parameters on cost, For further detail into the estimeted costs or
input variables used in modeling, see Appendices B, C and D which con-
tain the RCA rrice Model Reports.,
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6.0 CONCLUSIONS

The concept of utilizing the back up ATM hardware for Shuttle/
Spacelab flights appears to be both feasible and economical. The
specific study results, although preliminary indicate:

eThe ATM hardware should be used unchanged or with only
slight modifications for maximum cost effectiveness to
Spacelab. That is, scientific payloads should be selected
that fit within the physical and performance capabilities
of the hardware---thereby eliminating much of new and modi-
fied equipment dictated by the straw man payload used in
this study;

oThe ATM hardware exists, therefore, no new hardware design,

development, testing or fabrication is required;

oThe hardware reliability and safety has been established
since-a like set of the existing ATM hardware and soft-

ware was flight tested during Skylab;

oThe ATM canister assembly has a complete self-contained
thermal control system capable of maintaining close
thermal tolerance on the payload. The assembly can be
easily mounted to the IPS and AGS eliminating the need
to cross the gimbals with fluid lines;

oThe ATM attitude and pointing control capability has
been flight tested; eliminates much of the contamination
assoclated with VCS base stabilization; and although
additional analysis is required, it appears to be capable
of satisfying instruments requiring very accurate point-
ing and stability;

eEither concept; the "ATM Integrated" or "IPS" or "AGS" can
be integrated into the Shuttle/Spacelab as a payload of
opportunity with other payload elements;

6-1
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eVery little new of modified C & DH equipment is
necessary to establish compatibility of the three
baselined concepts with existing capabilities; and

eThe "ATM Integrated" concept eliminates ever having
to eject a costly attitude pointing and control
system, and scientific payload, since it always

remains within the Shuttle payload envelope.
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7.0 RECOMMENDATIONS

Preliminary results of this study indicated that there may be
many advantages for utilizing the leftover ATM Skylab hardware and
software for Shuttle/Spacelab missions, both from the standpoint
of performance capability and cost. To substantiate these findings,

several additional tasks should be performed. These tasks are:

®ATM Hardware/Software Status/Condition Definition
This task would determine the status of each
of the hardware and software items; where they
are located; what life critical hardware re-
quires change out; the additional testing re-
quired; problems identified during Skylab

that must be fixed; and so on.

eStructural/Mechanical Analysis
This task would accomplish the detailed designs
and analysis to determine the design require-
ments for modifying the ATM hardware for the
"ATM Integrated” concept and also for mounting
the ATM canister onto the IPS and AGS mounting
rings.

eAttitude and Pointing Control Analysis
Detail analysis and modeling would be accom-
plished under this task to verify the capability
of the ATM to control the Shuttle/Spacelab as well
as providing the fine pointing required by the
experiments., The tasks would further evaluate
the effects that the ATM canister (with active
thermal control system) has on the IPS and AGS
pointing and stability capabilities.
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eoProgram Definition/Cost Analysis
This task would prepare a detailed program plan
and schedule and perform a detailed bottoms-up
cost analysis. The cost analysis would consider
all costs associated with the program, so that
cost comparisons with other approaches could be

made.
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8.0 ACRONYMS AND ABBREVIATIONS

AFD
AGS
ARC
ASPS
ATM
ATMDC

ATMDC/
WCIU

C&DH
CG
CcMG
CSs
DEP
ECU
EPCS
EPEA
ERDs

FSS
G&A
GFE
GSE
HAO
HDR
IPS
MDA

PAP
PAR
PCA
PMS
POCC

Aft Flight Deck

Annular Suspension and Pointing System Gimbal System
Acceleration Region Coronographs

Annular Suspension and Pointing System

Apollo Telescope Mount

ATM Digita). Computer

ATMDC/Workshop Computer Interface Unit

Command and Data Handling

Center of Gravity

Control Moment Gyro

Canister Support Structure
Dedicated Equipment Processor
Electronic Ccmponents Unit
Experiment Pointing and Control Subsystem
Experiment Pointing Electronics Assembly
Experiment Requirements Documents
Extreme Ultraviolet

Fine Sun Sensor

General and Administrative
Government Furnished Equipment
Ground Support Equipment

High Altitude Observatory

High Data Rate

Instrument Pointing System
Multiple Docking Adapter

Multiple Telescope Mount

Payload Adapter Plate

Payload Attachment Ring

Payload Clamp Assembly

Payload Mounting System

Payload Operations Control Center

8-1



RAU
RCS
SAA
SAO
SAROS
SCR
SEUTS
SLA
SLAC
SMCH
STS
vCs
WLC

Remote Acquisition Unit

Reaction Control System

South Atlantic Anomaly

Smithsonian Physical Observatory

Solar Active Region Observations from Spacelab
Signal Conditioing Racks

Solar Extreme Ultraviolet Telescope & Spectrograph
Spacelab Lyman Algpho

Spacelab Lyman Alpha - White Light Coronograph
Standard Mixed Cable Harness

Space Transportation System

Vernier Control System

White Light Coronograph



APPENDIX A

SPACELAB ATM FEASIBILITY STUDY DRAWING

AND HARDWARE STATUS
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APPENDIX B

ATM INTEGRATED CONFIGURATION

{ PRICE MODEL REPORT
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aroHAkICAL T

CHTEL L2-NAR-81 R I Teanl
(23105

-

SPAR AS3Y (H

'HIT Wi 1GHT RN IRYIRRL Y MO0

FROTOTYFY QUANTITY Lali HHIT v e P P T Y

PROORMN LOLT L 1T 0N Bl CinENT N 1 ST I B
VROFTTHD “Eie -
DESTON Lida,
SYLTEAS e
FRGIELT AonT 33,
HATA 3.

T .
NEUREY RN TR |V Lt

| SERUT AL TURTNG
'RODUCT T OM -

FROTOTYFE Lin .

W00 AT G {0, - o

SURTOTALCHFG) 124, : L

TOTAL TOST 70, - vl

DFESIGN FALTORS AECHANTCAL FRODILT DESCRIFTORS
~Z1004% 1400000 PNGINEERING LOAFLTXG WY L0005
DENRSITS f.635 FROTGTYFE SUFFORT Iy
fNFG. CONFLEXITY S.308 CROTO BCHEDULE FACTOR oSh-
NEW NDESIGN N.400 FLATFORA il
DESTIGN RETFAT {1. 450 TEAR DF TFCHANOE GLY 1783+
EQUIFIENT CLASS ETTT Y RELINMILITY FALTOR L.
INTEGRATION | EVFL e RTRF(FIFLD) (LA

SCHEOULE START FIRST Tir1 FINISI
PEVELOFBRENT  JAN &3 (&) FFR 13s 0 FEI §33e (N

SUPPLENENTAL INFORRATTOM
TEAR OF LCONOALCS 1961 TOOLING & FROCESL TACTORS
ESCALATION 0.0t DEVELOPRAENT TOGLIHG Lahx

OEV LO6T MULTIFLIER 1.10

{m? LOST RANGES DFVELOFNENT FRODUCTION TOTAL CORT

- FROA 320, - Ja.
CENTER S, ' arh.
TO 445, - 445,

ST i T A
gﬁﬁ

i
Eﬁ‘ b oo it s 2 Rk T e g e e e gt et H v R s . - . .
et P R L o e b s Rt ST Ve s e ¥ TR 5 0T e T g p i T T g N Ta HOEE 1 0 mt 1 e B Bt M e e B G Mmoo e e i e g S e Y el R G ey e it b e s R D i, A5 el e i Tt B ST e ik e e sl o d e




ORIGINAL PAZE IS
OF POOR QUALITY

- - PRICF @4 -
NECHANICAL 17

DATE 12-MAR- &1 TINE 20333 FILENARE: 5T
(261053

SFAR ASSY LAMINCH LCSK JITTTIHD

. UNIT WEIGHT Y nooE
"ROTOTYP: QUANTITY el UNIT VOLINF Dailn GUAIC L TT, e
PROGRAA TO6T(s 1CO0) DUV OPRENT CRLHLT G TG
ENGINGER TN
nBFTING Je -
DESION Ha s
SYSTERS 1, ',
FROGECT AnnT 2 .
DATA . g
SUSTOTALLINS. 11, N
BANUFACTURING
TRODUCTION -
FROTOTYPE 3.
001 -TEST FQ i e
SUGTATALLAFG) 7. /-
TOTAL (OST ! 1.
COQIGN FACTORS GESHARTOAL PR TT STRLRIETIS
“EIGHT vl viedRLORING CenPi o a0 0T v
JANEUTY 155,000« FROTOTYRE SUFFORY

FROTO SCHEDULE FACTOR  .250+

SEG. DORRPLEXITY S.B30

NEW DESIHN 0.900 FLATFORN <all
DESIGN REFFAT 750 YRR OF TUIARTIO0Y L783=
EQUIPAENT LLASS t 31334 RELIN2TLITY FACTOR el
INTEGKATICN LEVFL .7 FIRECRIFLD) IRV VA

SCHEDULE START FIRST ITEN FINTSH
DEVELOFMENT  AFR 83 ( ) NOV hidx ( & BAY Gi4w { 14)

-~

SUPPLEMENTAL INFORNATION
YEAR OF ECONOMICS 1984 TOOLING & FROCESS FALTORG

ESCALATION .00 DEVELOPRENT TOOLTNG Laufe
DEV COST MULTIFLIER 1.30

{.:05T7 RANGES DEVELOPRENT FRODUCTTON TOTAL COST

FROA 11. i8.
CENTER 21. - 1.
TO 2%, - 25.
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(.»’i Lean €
OF POOR QUALITY

b oET A e

- = = PRICE B4 - - -
NECHANICAL TTEQA

DATE 12-nAR-81 TIRE 20:34 FILENART ¢ GRT L0l
(231058:
END PLATC & APERTUNE COVER RS O SER
oo UNIT WFIGHT ol AODE
SROTOTYRS QUANT (TY 1. HNIT VOLLAE .30 QUART L TT 7 0HA
REARAN COST(E 1000) P VLGOI RENT FROBILT S SN TOTMLTAT
ENGTNEERTNG
DRAFTTHG ol 4
DESIGN 147, HA
LYRTI RS if, - iR,
FROJECT AGAT 23, ie
BATH 13, - $3.
SUBTOTAL(ENG) 267, 259.
SONUFGCTURING
FRODUCTION - -
FROTOTYFE 34,
T00L-TEST 2 “te -
SURTOTAL(NFG) 38.
TOTAL COST S0t - {8,
CESIGN FACTORS RECHANICAL PRODUCT CZ5CRIPTORS
WEJGHT HUMNIG i NGINFFRING COMPLEX1TY  0.700
GENSTTY 266.667% PROTOTYFPE SUPPORT ved
arS. CORPLEXTTY 5.918 P'ROTO SCHEDULE FALTOR JOTF
NEW DFESIGN n0.750 FLATFORD el
SESTON LETEAT 0. 600 YEAR OF TECHNOLOGY 1983«
CQUTFARNT CLASS KEERE RELZSATLITY TASTOR 1.4
INTFGRATION LEVFL (.7 MIRECETELD) G194+
SCHEDULT. START Tee FINISIi
DEVLCLOPAENT  JUL &3 C 0 DEC iax ¢ M DEG 63= C 6)
SUFFLEMENTAL INFORMATION
YFAR OF ECONOMICS 1961 TOOLING & FROCESS TACTORS
ESCALATION .00 DEYVELOPAENT TOOLTNG 1.00
DFV COST MULTIFLIER 1.10
COST RANGES DEVELO MENT FRODUCTION TOTAL COST
FROM 271. - 271,
CENTER 308, - i08.
TO 359. - 159,
B3
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OF POGR QUALIT .
- - - PRICF 84 - - -
BECHANICAL ITCAM
DATE J2-NAR-81 TINE 20334 FILENARE: INT.F]
(2810%8)
SUP. STR.,5UN SHIELD & APERTHRE COVERS
UNIT WETGHT 100,00 KODF
FROTOTYPE QUANTITY 1.0 UNIT VOLURF 2.50 QUANTITY/NHA
'ROGRAR COLT (S JGOM) DEVEL OFRENT IROLUCTION 10041 (.0
ENRINITEREING
DRAFTING 47, - hi.
DESTGN 113. - .
SYLTLNG 14. - 4,
FROICST BRGNS 2. - 2.
haTn R - 1.
5ULEVTAL(ENG) 2080 :ﬂﬁ.
RENUFALTURING
PRODUCTION - - :
FRGTOTYP T 27. - 3G,
POV IR A 'Y 7. I
SHRTOTA_HFG) 5. -
TNt 08T N - ‘
Cr3INN FALTORS MECHANICAL FRODULT RESCRIFTOR:
eEIGHT $00,000 ITROGINETRING CONRMITXRITY
NEREIT - 0. 000 FROTOTYFT SUFTORS
A N D S.erlt PROTO SCHEDIMLE FAITOK
Low oI 1,758 i ATFORE
DLETLN KLTES G, 0 YEEE OF TECHNGE OGY
EobTreys TR rames ACLINCS LI TATTON
TROT Sl T ok P VFI ey RN G I
T START FIRSY T7r¥h FTHTS
1Y TR 1Y I PR v DEC A [ (7] 3 GE RS
SUFF! ERFNTAT INFORBATION
TaE oo LONORICE 1083 Tl ineg & PRECESL 00T
COTAl AT TG (A WEVILOFRFRT TGGI LN,
STV LY R TIRLIER M
TN ORANGES PEVTL ORI NTY FRODULTION 10744
FROG Tl - M.
-~ BIAN 4T, - 2,
; ces. - RN
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CoRIe QUALHY

OF POCR

JATE 1 Z-DAR-R1

AFT CANTSTER Ao
FROTOTIPE QUANTLTY

SROGRAER TOLT(S 1000)
FNGINFFR
DRAFTING
TR N
L LTENg
TAnJELT heht
DATA
R TOTAL(INS,

RANUT ACTURTNG
IRubUCTION
FROTJ T#

AN TE?T i {i

SHETOTAIL{NFS)
TOTAL DOST

TEaIGh TAGTORS
JEIGHT
NENSITY
RFG. COMFLEXITY
NEW DESTON
DESIGN REFFAT
EQUTPMENT L1.ASS
INTEGRATION L EVFI

SCHEDULE STARY
DEVEL OPRENT

SUPFILFAENTAL INFORMATION
YFAR OF FCONORICS
ESCALATION
ORV COST MULTIFLIER

COST RANGES
FROA
CENTER
T4

Cigimee e
o AlhdTE T,

JUN T4

»

- - - FRICF B4 - - -

ARCHANICAL  TT1on
TINE 20 FLLENANF . oL
«2310587)
\
ANIT WFTGHT u.uu NIV
[ GTT Y GLiAe i3 TR EEER I HR)

Gea b GEMENS

AZCHANICAL

sa. ool
405.500¢
R.E20
114250
e 400
EE R 221

et

)

181
3.010
1.10

DEVELOFNENT
27'
31.
37.

FIRST ITENM
JAN %4 { i)

PRGLETTON ceh L0LT

FRODLCT TISIRIFTORS

FROINFeRING C20f 20070 L0080
FROTOTY?E GUPFORT 1.l
PROTO SCHEDULE FALTOR .oo0s
FLATFORM 2.0
YLAR OF TECHNOLOLY 1984+
RELINBILITY FACTOR 1ol
KRTRF(FIFILD) T IE

FINISH
JAN Ehia { )

001 TRG & PROCESS TALTORSG

DFVELOPRENT TOOLTNG 750
FRODUCTION TOTAL COST
- 27.
- 310
- 37
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ORIZHL &2l s
OF POOR QUALITY
(:f - - - PRICF B4 - - -
AECHANTISAL 1740
DATE " 2-nAR-11 TIRE SOk TILULHARE S aNY L
.281088)
i
TAFRAOVE. AGH To ARERTHRE DOGx
UNTT we D OHY HNTRNTY AGhr
ST TERT QUANTLYS T UNTT Vol HURF 1,an GHAAT T e
AGREM LTS DT IS IRNE RIS e RN N NN i
SN INFERTNG
‘n-"n‘\i‘ 1- 'ﬁ
~a (0N PN ..
lf-Tfnfw N, V.
CR ST At N
'r"!lr "n -
SHATITAL ey e,
{ AANUT ACTINCING
CRUHCTTON -
PRITOTYFRE iC. -
Voul -TEST FQ . -
LA TITALONFD Y .
oAb LOS8T Th, - A
DESINN FANTARS SECHANTNAL SROQUIT TIIIRUN TR
“ETDhni L&, aan FhoINEERING JOfAF T L0
DENSITY 37.500. FROTOTYRE SLATOR: “uer
e, TMPLEXITY .59 CRATY LOUEDGD LWTuR BT

NEW DESTON i.550 FLATFORN e
DESIGN KEPFAT 0,500 TEAR OF TECHNOL OGY 1783+
EQUIFNFNT CLASS I21L RELINBLLITY FAGTOR Laid
INTEGRATION LFVFI 1.0 RTRFCRIELD) VALERQ

SCHEDULE START FIRST ITEM FINIS
DEVEL 2FRENT  JAN B3 ( &) AlG B3x « 3) NOV 3 D]

SUPPLEAENTAL INFORMATION .
YEAR OF ECONOMICS 1981 TOM ING & FROCESS FACTORS
ESCALATION 0.00 DEVELOFNENT TOOLING 1.04
DEV COST MUt TIPLIER i.10

(' OST RANGES DEVFL OFNFNT FRODUCTION TOTAL COST
FROA 67. - a7,
CENTER 74. - 4.
T0 A9. - 37,

B6




ORiGiatl Fnta (9

OF POOR QUALITY B

- - - PRICE G4 - - - -k
NECHANICAL TTEM by
DATF 12-NAR-&1 TIRE 20:35 FILENARF: INT.i'l
(281058)
REDESIGN CABLE DRUM GF #70 FNi CAd.
5 UNIT WETGHT . NODF >
FROTOTYPE QUANTITY (o UNIT VOLIAF G.30 QUANTITY/Ni :
FROGKAR .05T($ 1060) UFVEL OFRENT LT T O 0T AL 08T
FNGINEERTNG
ORAFTING 85, i .
DES [oN 95. 93,
SYRTERS 2s. - 75.
PROGELT aoaT 15, ib.
DATA A. . Y i
SUBTOTAL (FNG) 182. : TR
RANUFACTURTNG ;
FRODUCT 10N = - |
PROTOTYPE 10. . 10.
T00L-1EST FQ 3 - % |
SUBTOTAL (AFB) 13, - {3,
TOTAL GOST 194. - 194,
DESTAN FALTORS NECHANICAL PRODECT NISCRIPTORS
WEIGHT 20.000 FNGINEERING COWPLEXITY 1.200
NDENSITY b6.667% PROTOTYPE SUPPORT .2
AFG. CONPLEXITY 5.620 FROTO SCHEDUIF FACTOR 250
NEW DES LGN 0.800 PLATFORN 2.0
DESIGN REPEAT 0.000 YEAK OF 1ECHNOLOGY 19834
EQITPAENT CLASS SRR RELIABILITY FAGTOr, 1.0
INTEGRATION LFVEL 1.0 ATBF (FIELD) 145015% |
|
SCHEDULE START FIRST ITEA FINISH
NEVELOPMENT JUN B3  ( 10)  PMAR Réx  ( 0) AAR B4a  © 10D
SUPPLENENTAL INFORNATION
YEAR OF ECONOMICS 1981 TOOLING & PROCESS FACTORS
ESCALATION 0.00 DEVELOPNENT TOOLING 1.00
DEV COST AULTIPLIER 1.10
COST RANGES DEVELOPAENT PRODUCTION TOTAL COST ;
FRO“ 169- = 1690
CENTER 194, - 194,
10 236. . 236.

B7
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01\:\.»13\: +

DATE 12-fAR-81

CANISTER SUPPORT STR

PROTOTYPE QUANTITY

PROGRAR COST($ 1000)
ENG INEFRING
DRAFTTNG
e 3I0N
SYSTEMS
PROGUET
DATA
SUBTOTAL (ENG)

hh N

RANUFACTURIRG
FRODUCTION
PROTOTYPE

TOOL-TEST F
SUBTOTAL (AFG)

TOTAL ©UST

DESTIGN FACTORS
WFIGHT
DENSITY
AFG. CONPLEXITY
NEW DESIGN
PESIGN REFEAT
EQUIPAENT CLASS
INTEGRATION iEVFL

SCHEDULE
DEVELOPP: 'T

SUPPLERENTAL INFORMRATION

YEAR OF ECONOMICS
ESCALATION
DEV COST AULTIPLIER

COST R“NGES
) FRON
T CENTER
f T

START
JAN 83

- - - PRICE 84 - - -
AECHANICAL (TER
TIAE 20:35 FILENARE: iNT.PT
(281058)
\
‘. UNIT WEIGHT  »300.00  WODE S
L UNIT VOLUNE  2384.00  GUANTTTY/NHA .
{
DEVEL OPRENT FRODUCTION Wil GosT
(5. - 658.
173"- = 1784-
346. - 346.
262, 263,
122. - 92,
37z, 1724
595, - 5l
69- = \.AR-
573. - 57-.)!
3745. - 3745,
RECHANICAL PRODICT DESCRIPTORS
2300.000 i NGTNFERING CONFLEAZTY 1.000
0.945% FROTOTYPE SUPPORT 1.0
5.684 PROTO SCHEMULE TACTOR . 250«
0.750 PLATFORN Vil
0. 250 YEAR OF TEGHNOLORY 1983+
XRES RELTABILITY FAGTOR 1.0
0.7 ATBF (FIELD) 30158% A
FIRST TTEA FINLSII i
( B) AUGB3x ( O AUG E32 ( R) P
|
1981 TOOLING & PROCFSS FACTORS
0.00 DEVELIPNENT TOOLING 1.00%
1.10
DEVEL OPAFNT PRODUCTION TOTAL COST
3321, - 3321,
3745. - 37"5v
4333. - 4333,

B8 .



i i
ORRGS“;:L e w2

OF POOR QUALITY

- - - PRICE B4 -

NECHANICAL ITEN
DATE 12-nAR-B1 TIRE 20:34 FILENANF:  THT.FI
(281058)
CAUNCH/LANDENG LOCKS
‘. " UNIT WEIGHY A 00 NODF
PROTOTYPE QUANTITY 4.0 UNIT VOLUAF 5000 QUANTCTY/NHA
FKOGRAR COST($ 1000) F VEL OPAENT i*kUDUGTTON 10TAL COST
ENG INEER TNG
i'R“F‘INi‘ llo = H.
DESIGN 3s. : 3s.
STSTFRS 8. - a.
FROJEST ARAT 8. 5
DA“A 3' = :"-
Sii TOTAL(ENG) A A4
AANUF ACTURING
'RODULTION -
PROTOTYPE 12, . L.
7001 -TEST £2 1. - 1.
SiiR I TALAAFG) 13. (3.
TOTAL COST 72. - 77.
GESTGN FALTORS NECHANTCAL PRODICT DESCRIPTORS
WEJGHT 4,000 ¢ NGINEERING COMPIEXITY 1.300
DENSITY 1.333x PROTOTYPE SUPPORT .5
AFG. COMPIEXITY 5. 620 rROTO SCHEDULE FALTOR .50
NEN DJSIGN 0,500 FLATFORA 20
DESIGN REFEAT 0.000 YEAR OF TECHNOI 00V 1983+
EON TPAENT CLASS RaRRR RFLIABILITY FACTOR 1.0
INTEGRATION LEVEL 1.0 ATBF (FJELD) 2350194
SCHEDULF START FIRST TTEN ~ FINTSH
DEVELOPMFNT  JAN B3  ( 10)  OCT 83x  { 4) APR B4s  ( 16)
SUPPLEAENTAL INFORAATION
YEAR OF ECONOMICS 1981 TOOLING & PROCESS FACTORS
ESCALATION 0.00 OEVELOPAENT TOOLING 1.00
DEV COST MULTIPLIER 1.10
COST RANGES DEVELOPAENT PRODUCTION TOTAL COST
FROA 68. - 6.
CENTER 27 - 7.
10 90. - 90,
B9
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OR}Gu'» CEOR P iis T X
OF POOR QUALITY :
- - - PRICF B4 - - -
MECHANICAL ITEM .
DATE 12-MAR-81 TINE 20:36 FILENARF:  IN1.i'l
(281058)
INVERT ROLL RING T
;. UNIT WFIGHT 10.00  MODE 2
PROTOTYPE QUANTITY il UNIT VOLUAE 3,43  GUANTECV/NNHA 1
FROGKAR (.05T(S$ 1000) DEVEL OPAFNT FRODUCTT N 1078l 05T
FNGINEER (NG
DRAFTING S . s,
DESIGN 14. 1A,
SYSTFAR 3. S i
PRO.JECT AGAT 2. . 3,
DATA 1. - ‘.
SUBTOTAL(ENG) 25, - 5. :
|
NANUFACTURING 3
FRODUCTION - .
PROTOTYPE 0. - q. |
TOOL-TEST FOQ 1. . i
SUBTOTAL (AFG) 1. - 1.
TOTAL COST 26. . 6. |
DESIGN FACTORS NECHANTCAL PRODUGT OESCRIPTORS
WEIGHT 10.000 FNGINFERING COMPLEXITY 1.000
DENSTTY 76.923% PROTOTYFE SHPPORT 1.0
RFG. COMPLEXITY 5.620 FROTO SCHEDULE FACTOR  .250%
NEW DESIGN 0.500 PLATFORNA 2.0
DESIGN REPEAT 0,500 YEAR OF TECHNOLOGY 1SR4
EQUIPAENT CLASS XRAKA RELTABTLITY FALTUR Lot
INTEGRATION LEVEL 0.5 ATBF (FIELD) i7ES34a
SCHEDULE START FIRST TTEM FINTSH
DEVELOPMENT JAN B4 ( B)  AUG B4x ¢ 0) AUG B4x  ( 8)
SUPPLEMENTAL INFORNATION
YEAR OF ECONOMICS 1981 TOOLING & PROCESS FALTORS
ESCALATION 0.00 DEVELOPAENT TOOLING 1.00%
DEV COST AULTIPLIER 1.10
COST RANGES DEVELOPRENT PRODUCTION TOTAL COST
FROA 23. - 23. '
CENTER 26. - 26.
TO 32. - 32,

i

B10



ORIGINAL PACE IS
OF POOR QUALITY

- - - PRICE B4 - - -
NECHANICAL (TEA
DATE 12-7AR-A1 TINE 20:37 FLLENAML: INT.T'I
(281058)
INSTRUAENT MOUNTING ADAPTRRS
‘. © UNIT WETGHT a0 NODF
PROTOTYPE QUANTITY 100 INIT VOLUME 0.07  QUANTITY/NHA
FROGRAR CO0GT($ 1000) DEVEL OPAENT FRODUCTT 3¢ TOTAL 95T
FNGTNEER TNG
URAFTING 9. - 7,
DES TGN 23. 2.
SYSTEMS i - ‘.
PRO.FLT AGAT 7. - 7.
PATA 2. - :
3B TOTAL (ENG) 51, - S
ARNUT ACTURTNG
FRODUCTION - - :
PROTOTYPF. 30, - 30.
1001 -TEST 2 2. - 3
SUBTOTAL(HFG) 3z. - Pt
TOT“L COST 83. = t_:xo
JE3TGN FAGTORS RECHANTCAL PRODICT DESCRIPTORS
WFIGHT (0.600 ENGINEERING COMPIEXITY 1.000
DENSTTY 142,857+ PROTOTYPE SIPPORT ten
SEG. COMPLEXITY 5,520 PKOTO SCHEDULE TACTOR  .250%
NEW DFSIGN 0.500 PLATFORN 240
DESIGN KEPEAT 7,300 fitk OF TECHNCLOGY 19644
EQUIPRENT CLASS sxxre RELINBTLITY FACTOR L0
INTEGRATION LEVFL 0.3 ATBF (FTELD) 159092+
SCHEDULE START FIRST ITEA FINISH
DEVELOPMENT JAN 84 ( 8)  AUG B4x ( 9) HAY B5<  § 17)
SUPPLENENTAL INFORRATION
YEAR OF ECONOMICS 1981 TOOLING & PROCESS FACTOMS
ESCALATION 0.00 DEVELOPAENT TOOLING 1,00%
DEV COST AULTIPLIER 1.10
COST RANGES DEVELOPAENT PRODUCTION TOTAL COST
FRON 70. - 70.
CENTER 83. - £3.
10 104. - 104,
B11
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DATE 12-MAR-81

RAU PRF. AAP

- - - PRICE 84 -
ELECTRONTC  TTE

TINE 20:37
(281058)

5

-

UNIT WEIGHT

8’

FROTOTYPF QUANTITY

FROGRAR CO5T(s (T00)
FNGINFERING
DRAFTING
DESTON
SYLTEMS
PROJECT ABNT
DATA
SUBTOTAL(ENG)

AANUFACTURING
FRODUCTION
PROTOTYPE
T001 -TEST EQ

SUBTOTAL(AFG)

TOTAL COST

1.0 UNIT VOLUME

DEVFI QFAFNT P

11.

30.

DESTGN FACTORS ELECTRONTY, MECHANICAL PRO
WEIGHT 0.500% 2.000
NENSTTY 54.000 0h.887%
nFG. COMPLEXITY 9.410 5.770
NEW DESIGN 0.500 11.500
DESIGN KEPEAT 0.980 0.500
EQUIPAENT CLASS  ®xxxx ERERE
INTEGRATION LEVFL 0.5 1.5
SCHEDULE START FIRST IT
DEVELOPMAENT  APR 83 { 14) JUL B4#
SUPPLEMENTAL INFORNATION
YEAR OF ECONOMICS 1981 T0
ESCALATION 0.00
DEV COST MULTIPLIER 1.10
COST RANGES DEVELOPMENT PR
FRON 26.
CENTER 30.
T0 35.

i

FIIENARE: INT.I'T

T.50 AODE i
.03 QUANT (TY/NHA 2
RODUCTTON TOTAL COST

s

= 1

e tea

i1,
- —'U-

DULT NESCRIPTORS
FNGINEERING COMPLEZITY 1.200

PROTOTYPE SIPPORT 1.0
FROTO SCHEDULE FACTOR . 250
ELERT VOL FRAGT[ON .3119%
FLATFOKM 2.0
YEAR OF TECHNOLOGY 1933+
RELTABILITY FACTOR 1.0
ATBF (FIELD) 12615372 i
En FINISH

{0 JUL s € 18) |
OLING & PROCESS FACTORS
DEVELOPAENT TOOLING .500
ODUCTION TOTAL COST

- 26
= 30'
= 33.

B12



ORIGINAL PAGE 1S
OF POOR QUALITY

- = = PRICE 84 - - -
LECTRONIC  TTEN
DATE J2-MAR-#1 1IME 20:37 FILENAML:  INT.i'T
(2810%8)
CADH BUFFER
$ UNIT WEIGHT .00 RODE
PROTOTYPE QUANTITY 1.0 UNIT VOLUNE .03 LUANTITY/NHA
FROGRAM COLT($ 1000) DEVELOPAENT FRODUCTION TOTAL 05T
ENGINFERTING
DRAFTING 3. 2.
DESIGN tnsg. - L8,
SYSTEMS 17. = i7.
PROJECT MGAT 11. = L1,
JATA Se = N
SUBTOTAL(ENG) 179 179
NANUFACTURING
PRODUCTION = - =
PROTOTYFZ 17. = 12
001 -TEST F& 2. B 2
SUBTOTAL(NFG) 19. 17,
TOTAL COST 194. = 194,
DESIGN FACTORS ELECTRONTS NECHANICAL PRODULT LESECRIPTORS
YEJGHT L0000 2000 LHOGINEERING COAPNTXTITY 1,200
DENS{TY 48,000 56.647% FROTOTYFE SUPPORT 1.1
WFG. CONPILEXITY ?.410 5.770 FROTO LOCHEDULE HACTOR I
NEW DESIGN 1.500 11.500 CLECT VOL FRACTTON 874
DESIGN REPFAT 0.500 Dain *LATFORA 2.0
EQUIPMENT CLASS  *%xx#* EREEE YEAR OF TECHNOLOGY 1983%
INTEGRATION LEVFL 0.3 0.5 KELIARTLITY 7ALTOR 1.0
NTBF(FIELD/ 69N271%
SCHEDULE START FIRST 1TEN FUINISil
DEVELOPMENT  APR #3 ( 16) JUL B4% « 0) JUL G4x ( 16)
SUPPLENENTAL INFORMATION
YEAR OF ECONOMICS 1981 TOOLING & PROESS FACTORS
ESCALATION 0.00 DEVELOPRENT TOOLING 500
DEV COST MULTIPLIER 1.10
COST RANGES DEVELOPAENT PRODUCTION TOTAL COST
FROA 172, - 172.
CENTER 194, - 194.
TO 223. - 223.
FOLLOWING DATA CHANGES MADE:
DAULT=1.346,PAULT=1,34
B13
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ORIGINAL PACE [%
OF POOR QUALITY

DATE 12-mAR-81

- = - PRICE B4
AECHANICAL T

TINE 20:38

(281058)
FLUTD LOOP HOSF(TCS)
< ~ UNIT WEIB
PROTOTYPE QUANTITY 1.0 UNIT VoLl
FROGRAR COST($ 1000) DEVELOFMENT
FNOINFERING
RAFTING 15,
NESTON 29.
SISTEMS 1,
PROJECT AGAT 14.
JATA Se
SUBTOTALCENG) 66,
RANUFACTURING
PRODUCTION -
EROTOTYPF 44,
7001 -TEST FO .
SUBTOTAL(MFG) hé.
TOTAL COST 112.
DESIGN FACTORS MECHANICAL
WEIGHT 120,000
DFENSTTY 191,911
BFG. | oHPLEXITY 6.100
NEW DESIAN 0.250
DESIGN REPEAT 0.000
EQUTPMENT GLASS XREER
INTESRATION LEVEL 0.3
SCHEDULF, START FIRST
DEVELOPAENT  APR 63 { 3) JUN 83

SUPPLEMENTAL INFORMATION

YEAR OF ECONOMICS
ESCALATION
DEV COST MULTIFLIER

COST RANGES
FROA
CENTER
T0

1981
0.00
1.36

DEVELOPMENT
97.
112.

\ 132.

e

FIIENAMF: 1T . 0T

KT 120.00 HODF

F. 0n.11 QUANTITY/NHA
FODUCTTON SO TOLT
- 15
"'o:
LY
. ha.
= 46 .
- 'U;'.
PRODULT NESCRIFTORS

LNGINEERING COMPLEXITY 0.300

PROTOTYPE SUPPORT Lall
PROTO SCHEDULE 7ALTOK ] 1
PLATFORN <o
TEnik OF T7ZHNOI OGY 1983«
RELIABILITY “ACTOR el
MTRF(FIFLD) 65173

ITEA FINISH

* ¢ JUN &34 ¢ 3)

TOOLING & PROCLSS FACTORS

DEVELOPRENT TOOLTING <500
PRODUCTION TOTAL COST
= 970
= 11?.
o 132.

Bl4



ORIGINAL PACE 13

- = = PRICE {4 - -
AECHANTCAL  (TEM
DATE 12-MAR- &1 TINE 20:38 FILENAMF:  1dT.000
(23105%8)
COLD FLATES(TRS)
v ANIT WEIGHT P 00
PROTOTYPE UUANT(TY a. UNTT VOLUNF e QAN T/

I'ROGRAR COST(¢ 1000)
ENOINEERING
DRAFTING Tie
NDESTGN 14,
SYLTTMS 2
PROELT AGAT
DATA
SUBTOTAL(ENG)

ik VL OFRENT

“.
1.

NANUFACTURING
RODUCTION
FROTOTYPFE
COUL-TEST fQ

SURTOTALIMFG)

9.

-

.
‘el

TOTAL COST 4,
NECHANICAL
6.000
56.545*
S5.520
0.25C
0,300
RXRER

0.3

GESTON FACTORS
WEJGHT
DENSTTY
NEG. COMPLEXITY
NEW DESIGN
OESIGN REFEAT
EQUIPNENT CLASS
INTEGRATION LEVFL

SCHEDULE
DEVELOPMENT

START

APR 83 « 7)

SUPPLENENTAL INFORMATION
YEAR OF ECONOMICS
ESCALATION

DEV COST MULTIPLIER

1981
0.00
1.36

DEVELOPMENT
41.
48.
98.

COST RANGLS
FRON
CENTER
T0

FOLLOWING DATA CHANGES MADE:

DAULT=1.1,FAULT=].1

PRODUGTT O R

FRODUCT GESCRIFTORS
LivGINEERING COMPLEXNITY
PROTOTYPE SUPPORT
FROTO SCHEDULE FACTOK
FLATFORM
YEAR OF TFCHNOI OGY

RELINSILITY FALTOR
NTRFCFIELD)
FIRST ITEM FINISH
OCT &63x ( &) JUN GAa

TOOLING & PROCLSS TACTOLS

DEVELOPNMENT TOOLTING

PRODUCTION

‘8.

TR

(

58.

. y00
Lel)
2u0x
<o}
1983%
{.C
0408

o

1

1.00x

TOTAL (OST
41,

B15



ORIIN/L PACE 1S
OF POOR QUALITY

DATE 12-RAR-81

€l. SYSTEM HARNFSS

PROTOTYPE QUANTITY

PROGKRAR COST($ 1G00)

ENGINEERING
DRAFTING
nrSION
SYSTEMS
FROJECT NGAT
JATA

SUBTOTAL(ENG)

RANUFACTURIRG
'RODUCTION
FROTUTYPE
TOOL-TEST FO

SUBTOTAL(AFG)

TOTAL COST

DESIGN FACTORS
WEIGHT
NDENSITY
WrG. COMFLEXITY
NEW DESIGN
DESIGN RET'FAT
EQUIPAENT CLASS
INTEGRATION LEVEL

SCHEDULE
DEVELOPRENT

SUPPLEMENTAL INFORMATION

YEAR OF ECONOMICS
ESCALATION
DEV COST MULTIPLIER

COST KANGES
FROM
CENTER
70

START
NAY B4

- - - FRICE 84 -
NECHANICAL TTEN
TIME 20:38 FILENAMF: 1INT.I'T
(281058)
UNIT WEIGHT el ok
16 UNIT VOLbAE .00 QUARTTTT/NES
DEVELOFMENT FRODUCTION TOTAL COST
3. e
0.. = '“o
3. = -Tpo
2. - :—'
12. 12.
4, - 4.
0. = U
llo ki /'~
17- = 570
RECHANICAL PRODUCT NESCRIFTORS
75.000 FNGINEERING COMPLEAITY 0.200
25.000% FROTGTYRZ SUPFORT L5
5.200 I'ROTO SCHEDULF FALTOR . 250 %
1,500 PLATFORN 2.0
0.000 YEAR OF TFCHENOLOGY 1984%
®RERE RELTABILITY FACTOR 1.0
0.0 MTRF(FTELD) 1736894+
FIRST ITEN FINISH
« 1) RAY B4x « m RAY 842 « 1)
1981 TOOLING & PROCESS FACTOKS
0.00 NDEVELOPMENT TOOLING 1.00%
1.10
DEVELOPMENT PRODUCTION TOTAL COST
14, = 14.
17. = 17.
21. = 21,
B16



D F-n'—: ‘(3

P

Tivvaiv: ==

DATE 12-MAR-#1
FUAP (TCS)

s FROTOTYPE QUANTITY

i'ROGRAM COST(# 1003)
FNGINEFR [N
IRAFTING
DESTON
SYGLTENS
FROJEGT MGAT
LATH
LATOTALL{ENG)

SANUFSLTURING
i‘RODUCTION
FROTOTYPF
TOOL-TEST FQ

SUBTOTAL(MFG)

TOTAL COST

NDESTOHN FACTORS

ELECTRONTC MECHANICAL

- = = PRICE 84 - ~ =
ELECTRONIC ITEM
TIAE 20:3% FILENARF: INT.i'J
(281058’
) UNIT WFIGHT el noDe
L Y UNIT VoLiuse PeTY GHANT T TT/NHA

NDEVEL OFRENT FRODLUCTTON TOVAL TOAT
;. = '—o
14. - (A
('. 22 :‘-
2 = A
3. - ‘e
30- - ;l-l‘
lﬂn * = i.:i‘
?u - 20
:ﬂ. = (2')-
49. = 'l9v

PRODICT DESCRIPTORS

WEIGHT J.000% 34.300 FNGINFFRING COAPLEXITY 0.200
DENSITY S50.00) 483.000# PROTOTYPE SUPPORT L)
NFG. COMPLEXITY 9.410 9640 FROTO SCHEDULE FALTOK «L00%
NEW DESIGN 0.250 0.250 CLECT VOL FRACTTON 40
DESIGN KEFEAT 0.000 0,000 FILATFORN 2.0
FQUIPMENT CLASS  ®xxxs *R N (FEAR OF TECHNOLOGY 1933#
INTEGRATION LEVEL 0.7 0.5 RELIABILITY FACTOK 1.0
ATBF(FIELD) 590271
SCHEDULE START FIRST ITEM FINISH
DEVELOPRENT  APR 83 ( 3) JUN B3 ( in JUN 632 (  3)

SUPPLEMENTAL INFORNATION
YEAR OF ECONOMICS
ESCALATION
DEV COST MULTTFLIFR

= COST RANGES
FROA
CENTER
T0

i

1981 TOOLING & PROCESH FALTOKRS
0.00 DEVELOPMENT T00).{NG 1.00%
1.10
DEVELOPAMENT PRODUCTION TOTAL COST
42, - 42.
49. = 49.
60, = LDR
B17
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ORICINAL PAlZ 3
OF POOR QUALITY

DATL 12-MAR-81
ALCUALLATOR (TCS)
PROTOTYFE QUANTITY

PROGRAR (OLT(% 000D
TNGINEERING
VRGTING

RN VR

LYGTEMS

FROJEST AGAT

PATA
SUHBTOTAL(EHG

SANUT ACTHERING
i'RODUCTION
FROTOTYPE
1001 -7 08T FC

SUBTOTAL (MFG)

TOTAL (OST

DESIGN FACTORS
WFIGHT
DENSTTY
AFG. COMFLEXTTY
NEW DESINN
PESIGN REFEAT
EQUIPNENT CLASS
INTEGKATION LEVFL

SCHEDULE START

- - - PRICF 4 - - -

MECHANICAL

TINE 20:39
(281058)

ITER

FILENARF:  ani.itd

UNIT WG = ol hOoui

e1 UNIT VoLl 3020

UCVEL OF'MENT

<.

(I Sy |
" o

10.

12.

MECHANTCAL
5.000
25.000*

9920
0.250
0.000

(32233
0.3

DEVEL OFRENT  MAY &3 ¢ %

SUPPFLERENTAL INFORMNATIOM
YEAR OF FCONOMICS
ESCALATION
DEV COST AMULTIPLIFR

COST RANGES
FROA
CENTER
To

198
n.on
1.10

DEVELOPAENT
10.
12,
14,

QUANHCCTY 7N {

FRODGLTTON i LOST

PRODUCT DZSCRIFTORS

iLMOGINEERING COMPIEXITY  0.700
FROTOTYFE SUFPORT 1.1
rROTO LCAEDULFE HACTOR I
*LATFORN ol
TYFAKk OF TECHNOI OGY L83
RELIABILITY FALTOR 1.1
ATRFAFIELD) 232799+

FIRST ITEN FINTSH
SEP B3 ( 0) SFP 03« ¢ 9)

TOOLING & PROCFSS FALTORS
DFVELOPMENT TOOLING 1.00#

PRODUCTION TOTAL COST
- 10.
i 120
= 1‘0

B18 i\



oRICMAL T77%= 12 i
OF t.|;00R QUALIIY .

- - - PRICF R4 - - -
SYSTEN COST SURAARY

DATE 12-MAR-61 TINE 20:40 FILENGNF: INT.IT |
(2R10%8) .
PT TAT
TOTAlL 06T, WITH TNTEGKATION COGT
FROGKAR COST(S 1000) ~  *° DFVEL OPMENT FRODULTION TOTAL 06T
FNLTNEERING
DRAFTING 571. - $il,
HESION 1543, 543,
CYGTENS 455, - S,
PRO. 8hHAT 449, 437
NATA ons. - 708,
SUBTOTALCENG) vl . A543
KANUFACTURTNG
PRODUCTTON - .
FROTOTYPF R0, - 35
7001 -TEST FQ 151, i,
Fishii TTFAS 0. : i
-u”'lTo]nl (ﬂrﬁ) 991- - :'(o'.‘l .
TOTAL £OST 5634. . 5434,
“OLT RANGLS PEVELOPMFNT FiODUCTTON VOTAL o087
FROA 4964, . 4356
(ENTER 5634, - L4h4,
1o 4585. - 4555,

ARXRARAXALARAAXRARNREE AR AR AARKR R AR AR A A RA KK ARARERR XA R AN DAL A KA AR RS

* SYSTeA UT 4333.00 SYSTEN US 433000 =
* SYGTER SERIES MTDF HKS. w759 AV LYSTER COOT T

ERARRRRRLRE AR R R FRENAA R AR AR R LR AR B AR ERR LR A RN SRR RN AR AR R AR R LS skt Xty

T0 SAVE CHANGED GLOBALS., ENTEK FII ENANF=

|



APPENDIX C

IPS CONFIGURATION

PRICE MODEL REPORT

e




ORIGINAL P MB
- - = PRICF 64 - - - =
4 : HEEH&NI&AL -TTEA 7 =
5 - ) = s =
DATE 12-RAR-&1 TIHE 13:20 FILENARE: 1FS.FI
. (281058 £ =" =
SFAR ASSY (M) = -
5 : UNIT WEIGHT . 14AGOD.00 nCDF
FROTOTYFE GUANTITY 1.0 NIT VOLURE 211,00 QUANTITY/ hHa
FROGRAR COST(S 1000 DEVELI OPRENT FRODULCTION T03al CO&T
FNOINFERING : '
DRAFTING " S8. - =
DF‘;-E‘;“ 106. = iii”‘u'
.)Y, lﬂ\ 5. = —."-
PROJECT nnart Si. - <
DATA -- 5 - ' 23,
SURTOTAL (ENG) 245, : Tha
PANIFACTURING
FROMICTICON - -
FROTOTYPF 114, - 1158
QUL -TERT FR til, = e
SHBTOTALIAFG) 124, _ 125,
TAalL 1057 74, - 1
NESTON FALTORS ACCHANTCAL PROIIGCT DESCRIPTURS
wF I6n 1400, 000 ENGIRFIRIKG LOMPLT 21 . it
DENSLTY A.833% PROTOTYPE SUPFURY 1.8
RFG. (OAPIEXITY 5,808 FROTO GOHEDULE FALTOR . 2 ous
~W DESLLN U400 PLATFORN call
DESIBN REPFAT 0.150 YEAR OF TFCHNOI 0GY [9R3%
EQUITFMENT CLASS rxcrs RELIABTLITY FALTOR {.0
INTEORATIUN LEVFI .7 ATBF(FIFLD) LRaAY*
SCHEDILE START FIRST ITEM Fipish
DEVEL CFRENT JAN 83 .2 FER B3sx IO} FER 832 { 2}
SUPPLENRENTAI. IHFORNATION
TEAR OF ¥ CONORICS 1961 TO0LING & FROCESS FALTORS
ESCALATION B 00 BEVELGPRENT TOOLING L.bs
DEV COST MULTIPLIFR 1.10
LOST KANDES DFVELUPRENT PRODUCTION TOTAL 007
FrROA 326. - 324,
CERTLK 370, - a7,
T‘-’ 6‘5- = “5!




e i : = = = = Xi = == =
- - = FRICF @4 - - -

DATE 1Z-MAR-51 TIAE 13:21
(ZR1ose)

FILENARES 1FS.FT

SPAR ASSY LOC: INTERFACE FITTING & SENSOR FITTIN

UNIT Wi IGHT 5.00 MODF
FROTOTYPE QUANTITY ) UNIT VOLUMRE i1.03 QUANTI T 7/ HiA
IROGKAR LOGT(S 1000) BEVELOFRENT PRODUCTION T0TAL EunT
ENGINEERING
DRAFTING 3. - 3.
DESIGN . - Be
SYLTERS F - §.
PROJECT MGAT % - z.
DATA i, - ',
SUBTOTAL(ENG) $5s - 15.
RANUF ACTURING
FRODUCTTON - -
FROTOTYPF CR - 3.
1001 TEST FR = - =
SUBTOTAL (NF5) 7. - 7.
TOTAL ©OST 24. - 2%,
DESIHN FACTORS AECHANTCAL PRODICT DESCRIPTORS
WEIGHT 5.0600 ENGINEERING COMPIEXITY 1.0
DENSITY 16h.647% PROTOTYPE SUPPORT 1.0
AFG. COMNPLEXITY 5.620 PROTO SCHEDULE FACTOR o2
NCuw DFESION 1.750 PLATFORN Z.0
DESIGN REPEAT 0.750 YEAR OF TFECHNOLOGY 1984
: Ol TPAENT GLASS *ERAR RELIABILITY FACTOR {00
; INTIRRATION | EVFL 0.7 ATBFIFIELD) 7196G1 s
SCHEDULE START FIRST ITEM FINTSH
DEVEI OPAENT AN B4 {5 AUG B4 ( 5 JAN £5+  ( 13)
SUPPLEAENTALL TAFORMATION
TEAK OF TCONOMICS 1981 TOOLING & PROCFSS FALTORS
ESCALATION .00 DEVFLOPAENT TOOLING 1.00%
DFV LOST MULTIPLIER 1.10
COST RANGES UF VELOPRENT FRODUCTTON T0TAL 06T
FRON 2. - 2.
CENTER 24, : 4.
TQ 2&. - \’.ﬂo
c2



ORIGH/L PAGE 1S
OF POOR QUALITY

O == = PRIEE D% - =~ -
NECHANICAL ITERM
DATE 12-RAR-51 1IRE 13: 21 FILENARF: 1PS.F!
(2R1C58)

FND PLATE & APERTURE COVER RABPS OF SEC

UNIT WEIGHT 0,00 RODE
FROTOTYFE QUANTITY 1.4 UNIT VOLuME .30 GHANTITT/HHA
UROGRAM COST($ 100D DEVELOFPAENT P RODUCTION OTAL L0587
ENGINFERING
URAF TInG é1. - 61,
DESTON 149, v 3
GYSTERS i8. I8,
PROJECT nanT 2. . 28
DATA 13,
SUBTOTAL(FNG I <47,
SANUT ACTURING
FRODULT T ON -
FROTOTYFE L §
PO0L-TEST it Ao -
UBTOTAL (AFG 5. &
O
1AL 05T A8,
DESION FALTORS NECHANICAL FRODUCT NDESCRIPTORS
welOHT s, uQn ENGINEERING COMFIEXITY (.700
DENSTTY Jhb.anT2 PROTGTYFE SUPPORI 1.3
AFG. (OMPLEXITY S5.718 PROTO SCHEDULE 7 ALTOK e
niW DELIGN . 750 FLATEORRA .
DESION ReFFEAT i TEAR OF TECHNGLOLY 1983s
crUIFNENT (i ASS EERE S RELTIABIL I FALTOR BT
INTEGRATION LFVFL e RIBFIFTELD) B1074=
SCHEDUL B STAKT FIRST ITEAM FINIGH
DEVELGOPMENT jUL 83 L&) NEL 33+ () el 33e
SUPFYERTNTAL INFORMATION
YEAR OF TCONOMICS 1961 T00LING & FROCESS FALTORS
ESCALATTON J.06 DEVELOPNENT TOGLING 1.06 :
UEV COST MULTIFILIFR 1.10 \‘
LOGT RANGES VEVEL OFMENT FRODUCTION T0TAL COLT
FRON 271, - 271.
LENTER Slid, L0,
(1] £} 48 - 1 357, 1

C3



ORIGINAL PAGE I8
OF POOR QUALITY

CATE 12-MAR-HIL

=D
setif

PROTOTYFE QUANTITY

PROGRAR L.O5TC($ 10000
EnINFER NG
DRAFTING
DESTON
SYSTEMS
FROJEST AcHY
UATA
SURTOTALIENG !
AanUt ACTURING
PRODUCTION
FROTOTYFF
ioul ~TEST FO
SUBTOTAL(AFG)

TOTAL 08T

.....

o IOHT

DENSTTY

MG, TOAPLEXTTY
NEW DESTON

EAUTFAENT GLASS
INTEGRATTION LEVEL

SLRERILY
DEVEL OFMENT

START
Jul 83

SUPPLENENTAL INFORMATION
TEAR OF FLONOMICS
ESCALATION
DEV COLT MULTIFLIFR

LOLT RANGES
FrROA
CENTER
o

~ = - PRICE 84 - - -

o STR.eSUN SHIELE & AFERTURE COVERS

AECHANICAL TTEN
TINE t13:22 FILENARE: IFG.PI
(281058}
UNIT WEIGHT 100,00 RODE 2
1.4 UNIT VOLUAE 2:.530 GUARNTITY Nbin 1
DEVELOFMENT PRODUCTION . T0TAL LOST
47- = ,‘
3. - 113,
14, {4
22, ¥
10. = .
208, - i
“.90 =
7. 5 -
35. = -
..".1\5. - IL;»
AECHANICAL PRODICT DESCRIPTORS
g, oao ENGINEERING COMFLEXNTTY  O.700
At e FROTOTYPEL SUPPORT 1.2
5.620 PROTO SCHEDULE ¢ ACTOR L2
.750 PLATFORM U
(i, 200 TEAR OF TECHNOL OGY 15832
rthes RELIABILITY FACTOR =
0,7 ATRFCFIELD) (9479
FIRST TTEM FINISH R
(&) DEC 83« () DFC 83 ( &) y
1981 TOOLING & PROCESS FALTORS :
IRRSIH DEVELOPNENT TOOL ING 1.30 e
1.10
DEVELOPAENT FRODUCTION 107AL COKT
ML, - 1. o
2R, - 243, PR
293, = 2913,
\
1
c4 ;
W




n = 1S
ORIGINAL PAGE ¢
OF POOR QUALITY

0 - = = PRICE 84 - -

AFCHANICAL  TTFA g
: \
JATE 12-MAR-81 TINF 13122 FILENARE: 1PS.0T ;
(281058

CANTSTER SHP STr

UNIT Wi TGHT 1O, MOt -
PROTOTYPE UUANTITY 1.0 UNTT VOLUNF 232,00 GUANT ITY/Niin \
FAR TOLTS 1070 TEVEL OFMENT FRODUCT TON TOTAL COST
cbli " reENIN
DRAT TING ¥
HE SN e - ‘e,
CYLTIMG v,
FRUJECT NGAT e - i
PATA 2, 43
JUBTOTALCENS) 31i. - it
' RanUE AL TURING
(1 FRODUCTION
= PROTOTYFE 3.
3oL ~1E5T E@ b,
SURTOTAL{NFS 37.
TUTAL COST 118, - 118.
DESTON FACTORS NECHANITAL FRODUCT DESCRIPTORS
WF 1o G0, 000 ENGINEERING COMPLEXTTY 1,000
DENSTTY D.431 FROTOTYPE SUPPORT Let)
BEG. COMPFLEXTTY 5, 703 FROTO SCHEDULE TALTOR 2508
NEW DESTuN Uil FLATFORN i)
DiLTTON REPEAT 0,750 YEAK OF TECHNOLOGY 15044
EGUIPNENT GLASS raers RELIABILITY FAGCTOR (Y
TNTI GRATION | EVFL 0.5 ATEFCFTRLD) iNA7Re
SCHEQULF START FIRST ITEM FINISH
DEVLI OPBRENT  UAN B4 { &) AUG B4s (@) AiG B4a  ( B)
SUPPLEMENTAL. INFORMATION ‘
TEAR OF i LONOMYIS 1981 TO0LING & PROCESS TALTOLG
ESCALATION a.00 DEVFLOPMFNT TOOL TNG 1.00s
DEV (OLT MULTIFIITK 1.10
COST KANGES OF VLEOFRENT PRODUCTTON 10TAL (087
(:) FROM 1as. - 103, i
(ENTER L1k, 11, B
o 139. - 137, \
c5



PATE 12-RAR-E1

RAU PRE GNP

FROTOTYPE QUANTITY

FROGRAN COLT(S 10G0)
eNOINEERING
PESTON
SYLTEARS
PROJECT AGAT
VATH
SURTOTAL(ENG)

PAKUF ACTURTING
FRODUCTION
FROITOTYPE
T00L-TEST FQ

SUBTOTAL(NFG)
TOTAL LOST

RESIDN FACTORS

- - ~ PRICE B4 = = -

ELECTRONIC

iTRF 13:22
(251058)

ITER

FHLENARE: IPS.T]

UNIT WEIGHT 2.50 ROt

1.4 UNIT VOLUAE 0.03

JEVELOFMENT

.qv
11.

< P O
" T

-

i
1 .
l.

30,

CLELTRONTG WECHANICAL

RUANTITY/NHA

FRODUCTION i0iAL COST

)

,.
.

PRODUCT DESCRL T .

Wi JOHI 0,500+ ZL 000 ENGINEERING COMFIL 20T 1,200
DENSTTY 54.000 66 .4472 PROTOTYFE SUFPORT 1.0
REG. COMPLEXITY g. 411 5.770 PROTO SOHEDULE TA0T 00 LS50
NEW DFSIGH J.500 i1.500 FLECT VOL FRACTION U9
DFSIGN RETEAT 0.980 (500 FILATFORN 2.0
t LIPMENT Ci ASS rrias rERRR YEAR OF TECHNOILOGY 17833
INTEGRATION | EVFL Je D (ie5 RELIABILITY FALTOR 1.0
NTRF(FIFLD) 1361537
SCHEDIILE START FIRST ITEA FINISH

DEVELOFAENT  APR H3

SUPPLEMENTAL INFORMATION
YELR OF FUOKOMICS
ESCALATION
OFV LOLT MULTTHLIFK

COSRT RANGES
Fron
CENTER
o

( 1a) JUL B4x S

1yl
.00
1,10

UFVELOFAENT
6.
all.
35.

RIUS LT { 16)

TOOLING & FROCESS iarT0RS

OEVELOPNENT TOOL L5 .500
FRODUICTTON TOTAL COBT
- 30,
. 3S.

C6




OF POOR QUALITY
- - - FRICE B4 - -
CLECTRONIC  ITEN

ORIGINAL PAaE 19

DATE 12 MAR-E TINE 13:23 FTLENAME: IP5E.T'] e
(281058} =3
* CANDH BRUFFER
\
UNIT WEITGHT 300 ROLE i
FROTOTYFE QUANTITY 1.0 UNIT VOLURE .03 QUANTITY/HiUA 1
FROGRAM CODT($ 1000) DEVEL OPRENT FRODUCTTON YTAL COGT
ENGINEFN TG
DRAT TTI G a3, «
DESIGN 118, - L4
LYSTEMRS 17.
FROJECT NGAT 1 11,
UAILA L, — - 15
SUHBTOTAL(ENR) 173: - FiE
BERUT ACTURING
FRODULTTION = 5 =
FROTOTYFE 17. - L7
1001 -TEST F@ L5 2s
SUBTOTAL(AFG) 19. - 19
TOTAL COS 194, - 194.
DESLION FAGTORS ELECTRONIC NECHANICAL PRODUGCT DESGRIPTORS
WEIGHT L 000 2,000 ENGINFERING COMPLIXITY 1.200
DENSITY 41 1304 Hb.bAT * FROTOUTYFE SUPPORT 1.0
MG, COMPLEXITY T.410 9.770 FROTO SCHEDULT TACTOR . 750%
NEW DESIGH 0.500 0.399 ELECT VoL FRACTION JHT 4
CLOIGN REFEAT 0.500 0.001 FLATFORN 2.0
CUJTFAENT CLASS FEEERL #EE%S YEAR OF TECHNOLOGY {983
INTEGRATION LEVEL 0.5 0.9 RELJABILITY FACTOR 1.0
NTRF(FIELD) 490271+
SCHEDIULE START FIRST TTEA FINISH
DEVEL OPAFNT APR 63 ( 16) JUL B44 ( ) JUL G4 ( 16)
SUPPLEMENTAL. INFORMATION
TEAR OF FCONOMICS 1961 T001 ING & FROCESS T ALTORS
ESCALATION 0.00 DEVELOFPNENT TOOL.ING <504
DEV LOLT MULTIPIIFR 1.10
COST RANGES NEVELOPNENT PRODUGTION T0TAL COST
FROM 172, 177.
CENTER 194, - 194,
TO ?23- - -4 ?23.
FOLLOWING DATA CHANGES MADE: c7

DRULT=1. 56, FRULT-1,34



ORIGINAL PAGE IS
OF POOR QUALITY

DATEL 12-RAR-B!
FLUID LOOP HOSE(TCS)
FROTOTYPE QUANTITY

FROGRAN COST(S$ 1000)
FNGINEERTNG
DRAFTING

FROIECT NGAT
DATA
SUBTOTAL(ENG?

RANUIE ALTURING
IRODULTION
(ROTGTYFE
(00t =TEST FQ

GUBTOTALCAFG)

TOTAL COST

CESTON FACTORS
WETOHT
DENSITY
NFG. COMPLEXITY
NEW DELION
DESTON REFEAT
FRUIPAENT CLASS
INTEGRATION LiVEL

SCHEDUL E
DEVEL OPAENT

LTART
APk 3

SUPPLENENTAL. INFORMRATION
YEAR OF ECONOMICS
ESCALATION
DEV COST AULTIPLIFR

COST RANGLS
FROA
CENTLR
10

-~ = FRICE B8 -
RECHANTCAL  TTEN
TIRE 13:23 FILENARE: IPG.F]
(281058)
UNIT GEIGHT 120,00 noGCE 2
L. UNIT VOLUME a1l QUANT T T Y/ NN 1

DEVELOPMENT

15,

2.
le
1.
6.
ob.

"'-'o
2.
4.

112.

AP CHANICAL
120,000
1090.909x
4. 400
0.2680
J.00n
Aad

i}.\‘

1981
.00
1.36

DEVELOFNENT
9.
112,
132,

FRODUCTION (UTAL COST

- N

FRODUGT DESCRIFPTORS
ENOGINEERING COMFLEXTITY 0,300

PROTOTYPE SUPFORT 1.0
FROTQ SCHEDULTE TACTOR L2504
FLATFORR 2.0
YEAR OF TECHNOLOGY 1983+
RELIABTIITY FACTOR 1.0

ATRF(FTELD) 65173

[FIRST ITER
JUN 832 ¢ m

FIHTOH
JUN ds £ 33

TOOLING & FROCESS FALTORS

DEVELOPRENT 1001 ING .00

FRODUCTTON T6TAL (OST
- 7.
- ‘12.
s '3:.-




ORIGINAL PACE I8

OF POOR QUALITY
-~ = = PRICE 84 -~ - -
NMECHANICAL ITEM
DATE L{2-MAR-O1 TINE 13:24 FILENARE: IPS.PI
(2810%8)
COLD PLATES(TCS)
UNIT WEIGHT 6o 00 noDk
FROTOTYPC GUANTITY 3.0 UNIT VCLURE .11 UUANTITY/NHA
PROGRAA (OGT($ 10000 DEVELOPRENT PRODUCTION TO0TAL CO8T
CNOTREERTNG
URAFTING 9 - 5
JESTuON ) & - 14,
SYSTERS - 35 e
PROJELT AGAT “ =
l'l\Tr‘ lo = i
UATOTAL(ENG) aZs 27
BANUEACTURTNG
ROLUCTION -
TOTYFE 19.
TOOL-TEST E@ 2e - .
VIBTOTALINFG) i - ‘1.
ToTal COST 4d. - 4B,
DESTON FACTORS NECHANICAL PRODUCT DESCRIPTORS
WFI0HT 6. 000 FNOGINEERING COMFLEXTTY 0.900
ENSITY S4.545¢ PROTGTYFE SUPPOR( .0
RFG. COMPLEXTTY 5.520 PRUTO SCHEDULE FALTOR P80
NEW DFSION U.250 PLATFORA 2.0
DESIGN RETEAT . 000 YEAR OF TECHKNOL OGY IR KE
EJULPAENT GLASS Keae RELTABILITY FACTOR ke
INTIGRATION LEVEL U RTRECTTFLD) c20400
SCHEDILE START FIRST TTEN FINISH
DEVTL OPRENT AFR 63 =7 OCT 63« ( 8) JUN G4a ( 18)

SUPFLERENTAL INFORNATION

YEAR OF FCONCRICS 1761
ESCALATLON n.0n
DEV COST MULTIPLIFR 1.36
COET RANGE & DEVEL 07 NENT
FRON 41.
CERTLR AR,
To S6.

FOLLOWING DATA CHANGES MADE:
ORULT=1.1.PAULT=1.1

TOOLING & FROCISS TALTORS

OEVELOPNENT TOOLING L.00=

FRODUCTION TOTAL CO6T
» ‘tc
. <,
- 59.

= .y




ORIGINAL FAGE [S
OF POOR QUALITY

DATE 12-MAR-4A1
£l SYSTEM HARNESS
PROTOTYPE QUANTITY

FROGRAM COLT (S 10600
ENGINEERTHG
URAFTIND
DESION
STSTERS
FROJECT AGAT
DATA
LURTOTAL (ENG)

AANHFALTHR (N
FRODUCTION
FROTOTTFE
TO0L-TRST BR

SUBTOTAL(AFG)
TOTAL COST

FOION FALTORS
P
DENSTTY
nkG. COMPLEXITY
HiY PESTON
DESTON REPEAT
FUUIFPAENT CLASS
TNTEGRATION LEVEL

SCHEDHLE START
DEVEL OPRENT

SUPPILEMFENTAL. TNFORNATION
YEAR OF LCONORICS
ESCALATION
DEV COST RULTIFLIER

LOGT RANGES
FRON
CERTLR
10

-« ~PRICE 94 = =~
MECHANICAL  LTEA

RAY G4

TINE L3724 FILENKARE: 1F&.0']
(281058)
UNIT WEIGHT A0, 00 RODI
1.0 UNIT VOoLUNE L0l GUANTITY /NHA
DEVLLOPRENT FRODULTION TOTAL . COST
3- =2 -7
- = - 5
s 0.
14, - 4,
4. 1o
1s - ks
=t - ~ 78
19. - 'Vn
i CIARITAL FRODULT DFESCRIFTORS
S .00 ENGINEERING COMPLLXITY 0 200
S, 010 PFROTUTYFE SUPPORI 1l
9,200 PROTO SCHEDWE TACTOR ettt
i, 500 PLAIT ORR ol
000 YEAR OF TECHNOLOOY 1954
AAARL RELIARILZTY FALTOR .
I.lcl" ﬂrﬂF(FIELDJ l\‘l‘i"u'-i\*
FIRST ITEM FIniSH
{ =>=§) NAY G4 ( m BAY [4x =
1981 TOOLING & PROCESS TACTORS
.06 DEVELOPRENT TOOLTING 1.0i0%
1.10
Vi VLL OPAENT PIRODUCTION TOTAL LOLT
‘6- = ‘6-
19. 19,
2‘.'0 - “.11

Cl10

P T TS T

ol Bl



DATE 12 mAR-81

PT TAT

- - - PRICE 4 - - -
SYSTEM COST SUARARY

TIRF 13124 FTLENAR
2B1058)

TOTAL COST, WITH INTFGRATION COST

FROGRAN COST(Y 10000
ENGINEERING
ORAFTIRG
b CIGN
SYSTERS
PPROJ MGAT
DATAH
LUBTOTAL CENG)

AANUFACTHR Un
PRODUCTION
FROTOTYFE
1GOL-TEST FO
FURCH TTERMS

SHBTOTALORED)
1OTAL COST
05T RARGES
KON

JENTER

R

R R R R R e
L0400

+ LYLTER W)
= STSTEM SERTES NATBF HRS.

SAASRARTRARARRRERREP R AR S AR A RAAFR SIS FIRR T T U 1P 1At T Fandtie o

DEVELOPMENT PROGUCTION
Tha, -
de’. -

70, .
143. —
66- =
1119. =
i,
ad. -
r‘- =
346- -
14435,

DEVELOPRENT PROGUCTTON
1;.’78- L.
1445,

17:5\“. =

1706, 00 SUGTLA W6
741t AV SYSTER COST

TOOLAVE CHANGED GLOBALS, ENTEER FILENAME=

IPG.FT

TOTAL LOST

Fhb.
LY.
711,
148,
66
ESE -

i .

S

1278,

1467,

]

i

LR B S

L

RAsissking

11




APPENDIX D

AGS CONFIGURATION

PRICE MODE. REPORT




Ley

DATE 1.-MAR-31

SPAR ASSY (H)

FROTOTYPE GUANTITY

FROGRAA COLT(S 1000)
ENGINCERING
URAFTING
DES TGN
SYSTEMNS
PROJECT AGAT
DATA
SUBTGTALTENG)

FANUFACTURING
PRODULTION
PROTOTYPE
TOOL-TEST FQ

SUBTOTAL(AFG)

TOTAL (OST

DESIONN FALTORS
LFIGHT
SNSTITV
nkh, CORPILEXITY
NEW DES(GN
DESTGN RITEAT
EQUTPMENT CLASS

INTUGRATION [ EVEL

SLREDHLE

DEVELOPMERT

SUPTLE A N TAL INFORNATION
YFAR OF ECONOMICS
ESCALATION
DEY COLT RULTIPILER

LOST RANGLS
FROM

LENTLE
0

START
JAN 03

- PRICE fi4 -
MECHANICAL 17K

TINE 13333
(Za10%8)

- -

L

FILENARE: AGS.TI

URIT WETIGHT 1400,00 rODF
1.0 UNIT VOLURNE 211.00 QUANTITY/NHA
DEVEL OFRENT PRODUCTION T0TAL COST
:'nn . ‘av
tni‘)m ; 1“-".
5. = oo
- 5. ¥ RN
..3.
145, - a0
ll“. - = 11-‘)-
10. ¥ lnv
1346, - 124,
\57“. = ""l.‘.
AECHANICAL PROGLLT DESCRIFTORS
400,500 ENGIKETRING COMPMLEZTTY 0,500
h.6152 PRUTOTYPE SLPPORT i)
S.508 FROTY LCHEDULE FALTOR 250
G.400 PLATFORN 2,1
(. 180 TLAK v TFCHNC' OGY ERE
Exaan RELIANIILITY FACTOR 1.0
0.7 ATEFCFIELD) w2667
FIRST TTEM FInNISH
{ 2} FER B3k ¢ O FER G632 ( 21
1761 TO0LING & FROCLSS TACTORG
11400 DEVELOPNENT TOGL 1Ny P
1. 10
DEVELL OPRENT FRODUCTION TOTAL 06T
520, - 320,
a70, i,
445, - a5,

D1

-




- = PRICE B4 - - -

O BCCHANICAL TITEN
DATE 12-MAR-B1 TIARE 13:33 FILENARE: AGS.FT
(2811058}
SPAR ASSY LOCK FITTING ON OR
UNIT WEIGHT 5.00 AODFE
PROTOTYPE QUANTITY 4.1} UNIT VOGLURE .03 GUARTITY/NHA
FROGRAR (CG5ET(S 1000 DEVELOPAENT FROIUCTION TOTAIL TOST
ENGINFERING
URAFTING e = 8,
HESTUN R - U
SYSTERS -
PROJECT nsaT 2s -
DATA - -
SUBTOTAL (ENG) 1% 15
SANUFACTURING
FRODULTIO0N s -
FROTGTYPE 8. - 3.
T00L-TEST FB I. = s
HeTOTALAFR) 7. = 5
0 TOTAL COST 7’8, - a.
GESTON FALTORS RELHANTCAL PRGDIULT UESCRIPTORS
WETbRT S.onth FRGINFERIND COMFLEAITY
DENSTTY 166.667#* PROTOTYPE SUFPORT 1.0
BFG. CORPLEXTTY 5.620 FROTO SCHEDULE FACTOR . 2ol
NEW DESION 11.750 PLATFGRY .U
DESTON REFFAT G.750 YILAR OF TFCHNOLOGY 1784+
EQUIFNENT LLASS rr¥es RELIABILITY FALTGR 1.0
INTFGRATION LEVFL e/ MNIBFC(FIFLD) 219801+
SOHEDULFE START FIRST ITEN FINISH
DEVELOPAENT JAN b4 (-8 AUG G4s £ - 2) JAN 05 13)
SUPPLEAENTAI. INFORMATION
YEAR OF FLONORICS 1961 T00LING & PROCESS TACTORS
ESCALATION U.0d DEVELGPAENT TOOLING 1.0
DEV COST AULTIPLIFR 1.0
LOST RANGES DEVELOPMENT FRODUCTION T0TAL COGT
FROM 21, - ¢ 1"
CENTER 24, - g
ro 28 . o ?. iv

i

D2




ORIGINAL PAGE 18
OF POOR QUALTY

DATE 12-NAR-&1

END FLATE & AFFRTURE COVER RAMPS OF SEC

FROTOTYPE QUANTITY

FROGRAR (06T (¢
ENnINCERTAD
UEAFTIND

eSS 16N
SYSTERS

FROJECT NGAT

VAR

UG TOTAL(ENG)

1000)

RANUFACTURTEG
FRODULTION
FROTOTYFE
1001 -TEST TR

SUBTOTALINFG)

TOTAL COST
YETGHT
DENSTTY
MFh. CONPLEXITY
NEW GESION
DESTON REPEAT
EUUIFAENT CLASS
INTEORATION 1 EVFL

SCHEDULE
UEVELOPAENT

START

SUPPLEMENTAL TNFORNATTON
TEAR OF ECONORMICS
ESCALATION
OEV LOGT MULTIFLIER

COGT RANGES
FROA
CENTLR
T

JUL B3

< ==PRICE B4 = = -
RconanICAL  TTEA
TIRE 13:33 FILENAMNF: ABS.PI
(281058,
UNIT Wi JGHT &0, 00 RODi
1.4 UNIT VOLUNE .30 GUHANTITY/NHA
DEVEL OFRENT PRODUCTION I0TAL €7
al. = ol.
t‘?. » l!";-
18. - 18.
:5- s «,ﬁ-
i &, - i3,
249, 249 .
34, - 4.
4 - 4y
38, " 8118
s08. & A0&,
ACCHANICAL FRODIGT GESLRIFTORS
o, 000 FNGINEERING COMPLEXTITY .70 0
cH8. 867 FROTOTYFE SUFFORT 1.3
G.718 FROTO SCHEDULE FACTOR 2ol
Le 750 FLATFORD 2.1
b.o00 YLAR OF TFCHNOL 06 19831%
seris RELIABILITY FACTOR 1.0
i, 7 RIBFCFTELD) B1094%
FIRST ITEM FINTSH
G % DEC G3s ( 0) DEC B3a ( 6)
1981 TOOLING & PROCESS i ALTORG
.01 DEVELOPAENT TOOLING 1.00
1.40
DEVF® OPMENT FRODUCTION TOTAL COST
27‘. ' 2710
:,'080 - 3““;
359. = 357,

D3




ORIGINAL Fies 3
OF POOR QUALITY

0 - - - PRICE G4 - - -
NECHANICAL TTEM

DATE 12-RAR-al TINE 13:34

(251058,

SHP. S5TR.,5UN SHIELD & APERTURE COVERS

AGE.TT

FILENARE :

UNIT WEIGHT 100,60 noLI
FROTOTYPE QUANTITY 1.0 UNIT VOLUNE 2.50 QUANTITY/NHA
IROGRAM COSTO(S 1000) DEVEL OPMENT PFRODUCTION TOTAL COST
FNGINEFRING
DRAFTING 47. - &7,
DESIGN 113, - 113,
STLTERS 14, - 14.
PROJECT NGAT 22, = 27
DATA 1G. 1.
SUBTOTAL(ENG) 208. - 208.
RANUFACTURING
(’) PRODUCTTON -
=t FROTOTYPE 29. -
(000 ~TEST EQ 7 - :
JUBTOTAL (AFG) i5. E 35.
TOTAL COS8T 243, - 243,
TESTGN FAGCTORS NECHANICAL PRODUCT DESCRIFTORS
SEIBHT 100,000 FRGINEERING COMPLEXITY 0.700
DENSTTY 40000 PROTOTYPE SUPPORT 12
ArG. CONPLEXITY 5.620 FROTO SCHEDULE TALTOR 250+
NEW DESTON 1.750 PLATFORN 2.0
DESIGN RIFEAT {a.200 YiL.AK OF TECHNOLOGY 1 9R3=*
FUliiFRENT CLASS cxkas RELIABILITY FACTOR 1.0
INTEGRATION LEVEL (o7 ATRF(FIELD) 09479
SCHEDULY START FIRST TTEM FINISI
DEVEI OPNERT Jul 83 { &) DEC 834 { &) DEG Gd= (&)
SUPPLEAENTAL. INFORMATION
YEAR OF FCONOMICS 1981 TOOLING & PROCESS FALTORS
ESCALATION (o) DEVELOPRENT TOOLING 1.30
DEV COLT MULTIPLIFK 1.10
LOGT KRANGLS DFVELOPRENT PRODUCTION T0TAL COGLT
(‘\ FROM 211, - 211,
X LENTLR 243, 243,
) 293, - 393,




ORIGINAL PAGE IS
OF POOR QUALITY

DATE 12-RAR-81
CANISTER SUP STR

FROTOTYPE QUANTILTY

FROGRAR COST(S 1000)
FNGINERR TG
DRAFTING
OESTON
LYLTENS
PROJECT NAGAT
RS
SUBTOTAL(ENRG

RAKUFACTURING
(‘, FRUDUCTTON
= ROTOTY s o
T00L-TEST F@
SUBTOTAL (AFG)
Tu.AL COST
JCRTGN SALTORS
WE TG
DENSTTY
RFEG. COMPLEXITY
NEW DESTON
DESIGN REFEAT
CQUTPAFNT CLASS
IRTEORATION LEVFL

SLHEDULE
DEVEL OFAENT

START

SUPPLEMENTAL. INFORNATION
YEAR OF ECONORICS
ESCALATION
DEV LOST MULTIFPLIER

COST RANBES

(?) FROM
CFNTLR
TO

JAN 84

~ = - FRICE @4 - = -

AECHANICA. TTFnm
TIRE 13:34 PTLENAME D AGLLTT
(281058)
UNIT Wi TGHT L0, G0 ROL
1.4 (NTT voLunme Jilaon QUANTITY /7 NiD
DEVELOFMENT PRODUCTION 10TAL COST
17- - l;.o
‘!4. ol
?. - fe
q. I
3. - e
81. = 21.
. i,
O &
'x;l 'l-!
118. :\-
SCCHANTCAL FRODLLT GESCRIPTORS
Lad.aad ENGINEERING COMNFLIZITYT 1,000
Jeadle FROTOTYTE SUPPORT 1.0
S.703 FROTO LOHRFDULE FACTOR canlin
4600 FLATFORN 2.0
U. /50 YEAR OF TECHKOLOGY 1984
KEkAS RELTABTLITY FACTOR 1.0
.5 ATREGHTEL D) GRAT76

FIRST ITEM
¢ AUG B4 (D

1981
10
1.0

DEVEL OFAENT
L.
116,
139.

FINLSH
GUG [4a { 8)

TOOLING & PROCFSS FACTOKS

DEVELOPAENT TQOL (NG L.00s
FRODUCTTION TOTA [O4T
- 103,
: ’l(.‘o
- l\“)l

D5




- - - FRICE 64 - - -
MECHANICAL  ITEM

DATE 1.-NAR-81 TINE 138345 FILENARE: AGS.FI
(731058
TRIISS STR
UIT WETOHT Lan, on AoDE
FROTOTYPE QUANTITY 1.0 UNIT VOLUME 125.00 WUANT T (Y/NHA
FROGKAR COST($ tand) DEVELOPMENT PRODUCTION T0TAL COST
FNGINEERING
DRAFTING 20. - 20,
DESTGN 39, 53
SYSTINS Il - !
CROJECT AGAT 2.
DATA 4. - '
SUBTOTAL(ENG 24, o
NARUE ACTURINRG
0 PRODUCTION
PROTOTYPE .
PQUL=TEST @ [ - o
SUBTOTAL(NFG) 33. "
TorAl CORTY 130, - 130,

DES LGN FALTURS

NECHANTCAC

PROQUCT DESCRIFTOR:

WE Thiid {00, e0d EROGINEERING COMPLEXTITY  1.0G0
DENSITY Uadtile PROTOTYPE SUPPORT Lot
ArG. COMPLEXTTY S.620 FROTO LCHEDUEE TACTOR S
NEW DESTON taans FLATFORR 2.0
GEGTON RETEAT i, 200 YEAR OF TECHNOLOGY 19R3=
CUlTPAYNT CLASS txaas RELIABILITY FACTO: 1.4
INTIORATION 1eViL 0.7 ATRFCFIELD) ay479s
SCHEDHLE START FIRST ITEA FINTSH
UEVELOPAERT  UAN &3 C #) AUG B3+ (S 1 D) O B3x e
SUPPLEMENTAL INFORMATION
EAR OF LLONORTCS 1981 TOOLING & FPROCESE i ALTOKS
ESCALATLON .00 DEVELOPRENT (00LTNG Lauiin
DEV LOST MU TIPTER .10
COLT RANGES VEVEL OPRENT 10TAL LOGT

PRODUCTION

O FROM 115. 15,
LERTEK 130, i a0,
o 152, - L8527,

1




ORGINAL PAGE 1Y

FOOR QUALITY
) OF w - = = PRICT B4 - - =
CLECTRONIC 1T7LAM
DATE 12-MAR-91 TINE 13:15 FILENAAE: AGS.PI
; (281058)
RAIl PRE ARP
UNIT WEIGHT 2,50 MODE
~ROTOTYPF GUANTITY 1.0 UNIT VOLUNE 0.03  GUANTITY/NHA
FROGRAR COST($ 1000) DFVELOPMENT FRODUCTION T0TAL COST
ENGINFERING
DRAFTING 3. - 3
DES LGN 1. - i1,
CYGTEMS 2. - 3,
PROJECT MGAT 2, 2
DATA ™ - f.
SUBTOTAL (ENG) 18, = 1.
RANUF ACTURING
f PRODUCTION ¥ 5 5
PROTOTYPF 10, - 10.
100L-TEST Fa i, - =
SUBTOTAL (FG) 1. = i1,
TOTAL COST 30, . 30,
DESIGN FACTORS  ELECTRONIC MECHANICAL  FRODUST DESCRIPIGAS
WFTGHT 0,500 2.000 FNGINEERING COMFLEXITY 1.200
DENSTTY 4. 000 66,6675 PROTOTYPE SiPPORT 1.0
AFG. COMPLEXITY 2,410 5,770 FROTO SCHEDULE TACTOR  .750s
NEW DESIGN 0500 0.500 ELECT VOL FRALTTON L3094
DFSIGN KREPEAT 0,980 0.500 FLATFORR 2.0
EQUTPRENT CLASS  mxaxx S YEAR OF TECHNOLOGY 19834
INTFGRATION (EVEL 0.5 0.5 RELTABILITY FAGTOR 1.0
ATBF(FIFLD) 1361537»
SCHEDILE START FIRST TTEM FINTSH
DEVELOPNENT APR 63  ( 16)  JUL B4s ¢ ) JUL 842 ( 14)
SUPPLENCHTAL. TNFORMATTON
YEAR OF i LONOMIGS 1961 OOLING & PROCESS ©ACTORS
ESCALATION .00 DEVELOFPAENT TOOL 11 501
DEY (46T MULTIPLIFR 1.10
) LOST KANGES DEVELOPMENT PRODUCT T ON TOTAL COST
5 FRON 26. a 26.
LENTER a0, ah.
] 35. 38

D7




- - PRICE @ - -

) FiECTRONIC 17T M
DATE 12-MAR-R1 TINE 1335 FL.ENAME: AGS.I'T
(231058)
CADA BUFFFER
UNIT WEIGHT 3.00 RODE
FROTOTYPE GUANTITY 1.0 UNIT VOLUAE 0.03 WHANTITY/NHA
RUGRAM COST(S 1000) DEVEL OPAENT FRODUCT ION TOTAL .05
FHOINEER NG
DRAFTING 33, - i3,
DESTON 104, - 108,
SYSTEANS 17. - i7
PROJELT NGAT - 5
NATA 3 - -
SUBTOTALCENG) £75 17%.
RANUFACTURING
FPRODUCTION - -
PROTOTYFE 17, - 17.
TOOL-TEST @ 2 - 5,
[ SUBTOTAL(AFR) 19 - 19.
TOTAL TOST (¥4, - 194
[ESION FACTORS ELECTRONIC MECHANICAL FRODULCT RESCRIPTORS
WEIGHT 1.000# 2,000 FNOINEERING COMFLEXITY 1,200
DENSTTY 48,000 h4.867% FROTOTYFE SUFPORT 1.0
MG, COMPLEXITY 7.410 9.770 FROTO SCHEDULF FALTOR 200%
NEW DESION 0.500 11.500 FLECT VOL FRACTION AF4s
DLSIGN KEFEAT U500 0.001 FLATFORM 2.0
EULIPAENT CLASS rEEES ARERE YEAR OF TECHNOLOGY 1983+
INTEGRATION LEVFL 0.5 RELIARTLITY FACTOR 1.0
ATAF(FIELD) G271
SCHEDULE START FIRST [T&M FINTSH
DEVEL OPAINT  APR 03 { JUL G4 ¢ Ul G4 { 14}
SUPPLEMENTAIL. TNFORNATION
(FAR OF TCONOMICS 7ol TOOLING & PROCESS TACTORS
ESCALATION 0.00 DEVELOPNENT TOOLING 300
UiV COST MULTIFLIER 1.10
—) COST RANGES DEVELOPRENT PRODUCTION T0TAL TOST
" FROM 172, - 172,
CENTEK 194, - 194,
10 223, - 223,

FOLLOWING DATA CHANGES MADL:

DRULT=1.36,PAULT=1.36




JRTE 12-MAR-81

FLUID LOOF HOSECTCS)
PROTOTYRE JUANTITY

UROGRAR COST(s 1000)
ENGINEFRING
DRAFTING
DESIGN
SYGIERS
PROJECT AGAT
DATA
SHBTOTALCENS)

AANUF ACTURINDG
PRODULTION
PROTOTYPE
TOOL=-TEST @

SUBTOTAL(NFG)

O
TOTAL COST

ESIGN FALTORS

ALl Fatth

DENGITY

REG. COMWPLEXITY
NEW Uisiny
DESIGN KRETEAT
EQUIFPMraT CLASS
INTEGRATION LEVEI

SCHEDULE
VEVELOPRERT

SUPPLEMENTAL INFORMATION

YEAK OF :CONOMICS
ESCALATION
DEV COLT KULTIFLIFR

fOST RANGILS
FROM
CERTLR
Te

START
AFR B3

ﬁﬁ
- = = PRICE H4 = = - R
NECHANICAL ITFN F?;}
TIRE 13:36 FILENARE: AGS.FI ‘g
(281058) s
-
K
UNIT WEIGHT 120,00 RODF ?
1.0 UNIT VOLURE .11 QUANTITY/NHA ey
DEVEL OFAENT FRODULTIOR TOTHRL COSRT
15, - 5.
27. - T,
1. 2 .‘-
1‘. - l‘o
6. 5 N
h4. . bé.
44, - +h
?. -
46. = T
L12,
NECHANICAL PRODIICT DESCRIPTORS
120,000 ENOGINEERING COMPLEXTTY GO, a00
10910,909= FROTOTYPE SUPRORT 1.0
6. 100 FROTO SCHEDULE TaCTOR , 2h0a
1.250 FLATFORN !
Ui YEAR OF TECHNOL 06 1783
axkan RELIABTLITY FACTOR 1.0
.3 ATRFC(FTRLD) 65175
FIRST TTEN FINISH
b= 3) JUN 6ds (Y JUN 832 i)
1981 TOOLING & PROCFSS FACTORS f
.00 DEVELOPMENT TGOOL [hn <500
J.06
DEVEI OFRENT i'RODUCTTON 10TAL 06T
97. - ?7.
112, . 112,
134, " 13v, \



ORIGINAL PAGE IS
OF POOR QUALITY

DATE 12-RAR-B1

COLD PLATES(TCS)

FROTOTYPE QUANTITY

FROGRAR COLT (S 1000)
ENGINEERING
DRAFTING
NESTON
LYSTEMS
PROJECT NAAT
UARTA
SURTOTALCENG)

RANUF ACTURING
PRODULTION
FROTOTYPE
i00L-TESY FQ

SUBTOTA' (AFG)

TOTAL COST

CESIGN FACTORS
dF 16RT
DENSTTY
fEG. COMPLEXTITY
NEW DESITON
DESTON RETEAT
EQUIFNENT CLASS

INTEGRATION LEVEL

SCHEDILT
DEVELOPAENT

SUPPLEMENTAL INFORNATION

YEAR OF LCONOMICS
ESCALATION
DEV COST AULTIFLIFR

COST RANGLS

PW FROA
~ CENTER
o

START
APR 63

- - - PRICE 64 - - -

AECHARTCAL  TTEA

TIAE 13:13é FTLENARE:  AGS.PT
(28134569
UNIT WEIGHT ALl RO 2
8.0 UNTT VOLUAE .15 GUANT LT Y7 HHA 8
DEVEL OFNENT FRODUCTION TOTAL COST
s - Se
14- - 1”-
2o - -
“. - e
) 8 - Ls
19. lf.
21. 2.
"vﬁ. = h8.
NECHANICAL FRODUCT DESCRIPTORS
6. 000 TNOINEERING COMPLEXTTY 5,500
G495 PROTOTYPE SUPPORT tall
5.520 PFROTO SCAEDULE § ACTOR . 2501
0.an PLATFORN ol
0. G040 YLAR OF TLLHNOLOGY 1GR3+
TEEEE RELTABILITY FACTOR 1.0
0.3 ATEFCFTIELD) 220408
FIRST ITEA FINISH
- OCT B3« . B) JUN &G4s { 15)
19601 T00LING & PROCESS | ACTORS
.00 DEVELOPMENT TOOLING Lati)e
1.%6
DEVELOFAENT PRODUCTTON T0TAL LOGT
41, o 61,
4R, Wi,
5“- - 501

FOI LOMING DATA CHANGES MADF:

DAULT=1.1,FPAULT=1,1

D10




ORIGINZL PACE 1S
OF POOR QUALITY

« = = PREGE = ~ -

D11

o NCCHANTEAL  TTEN
DATE 12-MAR-81 TIAE 15:37 FILENAMET MGG, 1T
(2010583
EL SYSTEA HARNESS
UNIT WEIGHT 70.00  MODF 3
FROTOTYPE QUANTITY {.0 UNIT VOLUAE 1,00 GUANTITY/NHA i
FROGRAM COST($ 1000) DEVELOPMENT PRODUCT ‘ON TOTAL 04T e
FNGINEFR ING e
DRAFTING 3, . 3. rg
DESION . - Se ’i
SfﬂTrﬂs no - i.;o j
PROJECT AGAT 4. A, :
i’ATfi £ - 2
SUBTOTAL (ENG) 14. L4,
RANUFACTURING
PRODUCTION - .
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