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1.0 GENERAL

This Familiarization Manual provides general information on the Re-entry F Turbulent
Heating Experiment and Spacecraft. Detailed manuals and other reference documentation

are listed in Table 4-2, Documentation and Data Index.

The Re~entry F Turbulent Heating Experiment is a baéic research flight experiment for the

- Langley Research Center (LRC), of the National Aeronautics and Space Administration, The

purpose of the experiment is tc obtain measurements of fuily turbulent convective heating and
to determine the transition Reynolds number at conditions representative of advanced re~
entry vehicles. The Snacecraft portion of the project is conducted under NASA Contract

No. NAS 1-6039 by the General Electric Company, Missile and Space Division, Re~entry
Systems Department. The launch of the Re-entry F Spacecraft is scheduled for January

- 1968. The contract start date was June 1966 and the completion date is February 1968.

1.1 Turbulent Heating Experiment Summary

The NASA Re-entry F Turbulent Heating Experiment is a basic-research experiment c!esignéd
to obtain real environmental turbulent heating rate data for correlation with ground facility
test results and with theoretical methods in an advanced flight regime and to determine the

~ transition Reynolds number on a slender cone at flight conditions typical of advance

vehicles.

The mission profile is shown in Figure 1-1. An instrumented spacecraft will he hoosted
by a three-stage Scout launch vehicle from the NASA Wallops Island Test Range facility.
Re-entry will occur in the broad ocean area off Bermuda. There is no requirement for
recovery of the Spacecraft. After first and second stage boost there will be a coast
period, during which the spacecraft will go through apogee. The third stage will provide
the final re-entry injection velocity increment to the spacecraft. The spacecraft will then
be spun-up by the Scout spin table and will separate at 300, 000 feet dltitude at 2 re-entry
angle of -20° . Data will be telemetered from the Spacecraft throughout the entire flight.
The primary data period is from 120, 000 feet to calorimeter surface first melt (about

49, 000 feet).

The 600 pound spacecraft (Figure 1-2) is a 5-degree half-angle cone, 13 feet long with a

-27.3-inch base diameter. The Spacecraft consists mainly of a calorimeter, instrumentation;

and an internal structure. With the exception of a graphite nose tip and quartz antenna
windows at the aft end, the Spacecraft uses a nonablative heat-sink heat 'shield made of
0.6-inch thick beryllium. The graphite nose tip is ablatively-cooled. The quartz windows
permit radio transmissions from antennae inside the aft section of the Spacecraft. Primary
data are obtained from 21 four-element thermal sensors, imbedded in the calorimeter
heatshield as shown in Figure 1-3. The thermal sensors provide temperature-profile data

__through the beryllium. The data will be correlated with other ground and flight test data
and analyzzd to provide a basis for more accurate heat transfer theory.
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1.2 Objectives and Data Requirements

1.2.1 Objectives

To obtain measurements of heat transfer in a fully developed turbulent boundary laycr with
minimal complicating variables.

To determine the Reynolds number at which transition from laminar to turbulent flow occurs.
1.2.2 Data Target Accuracy

Target accuracy gwals for data during the primary data period (from 120, 000 feet to
calorimeter melt) are as follows:

(a) Heating rates. . . . . v v v v v ettt oot ot t v neenen | *+15 percent
(b) Transition Reynolds number. ... .. e et e . %10 percent
(c) Body pressure distribution....... e e e e e “ . +0. 2 psia

(d) Basepressure.......... e e e e e e e e e e s 0, 2 psia

(¢) Resultant angleofattack . .........c0ccvcveo.. 0. 25 degree

(f) Aerodynamic forces

(1) Longitudinal ...... .
(2) Normal andtransverse . ........eeeee.. 0. 2g
(g) Spinrate............. P +20 degrees per sec.

1.3 Background Information

1.3.1 Re-entry Fﬂ

In early 1963 NASA Langley made an assessmeﬁ-ﬁ of experimentél and analytical information
on the status of aerodynamic heating technology and determined: ‘

(a) the need for establishing confidence at higher velocities in the turbulent
heating and transition data determined in ground tests by partial simu-
llati,on techniques

(b) the need to establish reliable analytical turbulent heating methods for use in
the design of advanced vehicles. S

This review included ground facility capability and likely progress in ground research, and
an evaluation of several flight vehicle systems. As a result, a flight experiment was
recommended to obtain reliable turbulent heating data at high boundary layer edge velocitics.



Following this recommendation, the LRC Re-entry Science Program Steering Committee
reviewed the justification and objectives, and endorsed the experiment which was later
approved by LRC Management,

In 1964 LRC received direction to define the overall experiment. During this study technical
consultation with industrial organizations having experience in re-entry flight tests and heat
transfer was maintained. These results were presented in the Project Development Plan
(Revision A) of July 1965 and in April 1966 the Re-entry Systems Department of General
Electric Company was awarded the Contract (NAS 1- 6039) to provide the hardware for the
Re-entry I Turbulent Heating Experiment.

1.3.2 General Electric

The General Electric Re-entry Systems Department (GE/RSD) was organized in 1957 and has
had development responsibility for some thirty major re-entry systems involving over 200
flight tests. The above expearience has included electronic, optical, and mechanical sub-
syscem design, development, test, and fabrication, and the design and development of
associated aerespace ground equipment. '

There are four GE/RSD programs of primary significance to the Re-entry F Experiment,
because they were concerned with the development of sharp-nose, slender-vehicle, and
beryllium heatsink technology. These were the Nike~Zeus Target Program (TVX), Wake
Analysis and Control Program (WAC), Graphite Test Vehicle (GTV), and Re-entry
Measurements Program (RMP-A).

i
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2,0 MANAGEMENT

The GE management plan for the Re-entry F experiment is presented in RSD Proposal
N70543 (25 January 1966), Re-entry F Turbulent Heating Experiment, Volume II,
Business Management Proposal (Section B). This document also includes cost-anc-

incentive formulas, management information, past-performance history, and information
about facilities.

The NASA-LRC and General Electric organizations charged with the responsibility for
executing the requirements of the Re-entry F (THE) experiment contract with NASA-

LRC is given in the subsequent paragraphs.

2.1 Organization and Responsibilities

Four major organizations are involved in the Re-entry F experiment: NASA/Langley
Research Center (NASA-LRC) as the sponsoring government agency, under cognizance
of NASA/OART; the General Electric/Re-entry Systems Department (GE/RSD) as the
spacecraft contractor, the Ling-Temco-Vought Corporation (LTV), as the launch-
vehicle contractor, and the NASA/Wallops Island Station as the launch facility.

A Scout Mission Working Group made up of representatives of GE, LTV, NASA-LRC
and NASA/Wallops coordinates the entire payload-to-launch vehicle integration and
launch support operations. The Mission Working Group is charged with mission
responsibility at the working level. It is responsible for the direction of all docu-
mentation efforts, the physical integration program, and the operational integration
program. The Mission Working Group meets, as required, from time to time, to dis-
cuss the interface coordination problems that arise between the Scout launch vehicle

contractor and the Re-entry F Spacecraft contractor. These meetings are coordinated and
chaired by NASA-LRC.

2.1.1 NASA
The NASA-Re-entry F Project organization is shown in Figure 2-1.

Mr. E.C. Hastings, NASA-LRC Re-entry F Project Manager is responsible to Mr.

C.A. Sandahl for the Re-entry F program. Directly responsible to Mr. Hastings is

Mr. J.L. Raper, Assistant Project Manager. NASA/LRC Engineers are responsible for
monitoring contractor performance in Experiment Planning and Data Analysis, Reliability
and Quality Assurance, Project Engineering, and Instrumentation. Mr. Hastings and
Mr. Raper coordinate the Re-entry F activities of NASA-LRC Scout Project Office
(LRC-SPO), the NASA Wallops Station (launch site}, the NASA Bermuda Station (down-
range), and the two associate contractors (GE and LTYV).

The NASA Wallops Station is the launch site for the experiment, and will provide certain
administrative and technical coordination and support in connection with the launch. Launch
vehicle operations at NASA Wallops are contracted to I.TV under NASA-LRC direction.

The NASA Bermuda. Station is the prime data acqusition and tracking site. In addition,
a NASA data-acquisition aircraft and ship will be involved.

-
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2.1.2 General Electric Company

The Re-entry F Spacecraft design, development and fabrication is being accomplished by the
General Electric Re-entry Systems Department (GE/RSD). GE/RSD is one of six decentralized
operating departments of the Missile and Space Division (MSD).

MSD is a division of the Aerospace and Defense Group, one of six groups in the Executive
Office of the General Electric Company.

The General Electric organization is shown in Figure 2-2,

The Re-entry Systems Department is headed by Mr, Mark Morton, General Manager. Re-
porting directly to Mr. Morton is Mr. R.L. Hammond, Manager of Ballistic Systems Pro-
grams, including the Re-entry F Program. Immediately responsible to Mr. Hammond is
Mr. E.W, Richardson, Re-entry F Program Manager. The GE Re-entry F program team
is shown in Figure 2-3.

2.2 Project Implementation Plan

The Re-entry F Turbulent Heating Experiment project includes the design, fabrication,
and delivery of hypersonic re-entry spacecraft and field support services, as specified
in NASA Document No. L-6345-A Exhibit A (28 April 1966), Statement of Work/Re-entry
F Turbulent Heating Experiment.

The period of performance for this design, fabrication, and delivery is approximately 20
months from the date of Contract No. NAS 1-6039 (27 June 1966); i.e., until approxi-
mately February 1968. Launch of the flight spacecraft is contemplated for January 1968.
The places of performances are GE facilities in the Philadelphia (Pa.) metropolitan area;
the launch-vehicle contractor's (LTV) plant at Dallas, Texas; and two NASA facilities:
Wallops Station (Wallops Island, Virginia) and Goddard Space Center (Greenbelt, Maryland).

GE provides the following items:

(a) Four spacecraft: Engineering development model and three identical prime
spacecraft (a prototype and 2 flight S/C)

(b) Aerospace Ground Equipment (A.G.E.)
(c) Spares
(d) Documentation and data
2.2.1 Spacecraft
“The project requires the fabrication of three instrumented hypersonic re-entry spacecraft:

prototype, flight, and backup, The prototype and wackup spacecraft are to be retained at a
GE facility until after launch of the first flight spacecraft. The flight spacecraft is to be
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delivered, at the completion of flight assurance tests, to the NASA Wallops Station where

it will be launched on top of a 3 stage Scout vehicle. The prototype spacecraft will be
ultimately delivered to the NASA Langley Research Center at Langley Station, Hampton
Virginia. The backup spacecraft will be ultimately delivered o the NASA Langley Research
Center or to the NASA Wallops Station, according to instructions from the contracting of-
ficer. Acceptance of the three spacecraft shall be as follows:

(a) Prototype Spacecraft Preliminary acceptance upon satis-
factory completion of functional checks
following qualification tests. Final
acceptance upon completion of radio-
frequency interface (RFI) investigations
and fit checks.

(h) Flight Spacecraft ~ Preliminary acceptance upon completion
~ of flight assurance tests. Final accept-
ance upon completion of prelaunch
checkout tests.,

(¢) Backup Spacecraft Final acceptance upon completion of
functional checks following flight assurance
~ tests.

2.2.2 Aerospace Ground Equipment
Aerospace Ground Equipment (AGE) will be provided for handling and checkout of the
spacecraft prior to flight. There are two types of AGE: mechanical and electrical.
The AGE will be fabricated, tested and delivered, as required, for the support of the
spacecraft, and will ultimately be delivered to NASA-LRC.
2.2.3 Spares
Spares will be delivered, as required, for the field support of the spacecraft, and will
ultimately be delivered to NASA-LRC. Available spares are defined in the Field Support
manual, .

2.2.4 Documentation and Data

Documentation and data include reports, design data, d'ocumentation, oral briefings, photo-

graphs, etc. These are prepared and submitted as specified in NASA Document No. L-6345A,

Exhibit A,
Data Requirements List Matrix

The fblloWing matrix, Table 2-1, provides a list of contract data requirements and the
frequency with which this data is issued.

2.3 Spacecraft Schedules

The Re-entry F Master Schedule is shown in Figure 2-4.
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3.0 TECHNICAL

3.1 Experiment Requirements

Experiment requirements have been defined for the following program objectives:

(d)  Obtain measurements of heat transfer in a fully-developed turbulent boundary
layer on a simple shape with minimal complicating variables.

(h) Determine the Reynolds number at which transition from laminar to turbulent
heat flow occurs.

There are three major categories of experiment requirements: design, data, and data
analysis. These requirements are based upon the design objectives given bclow.

3.1.1 Design Objectives
From a given baseline which is established by the following:
: (1) Three-stage Scout launch vehicle
(2) V-vy(velocity - re-entry angle) restraints
(3) Spacecraft size, configuration, and material
} (4) Nosé configuration and material
k B (5) 'Spin stabilization

The design requirements of the Re-entry-F experiment are based on achieving the
following objectives:

Yrery

(1) Maximal turbulent-test‘ fime
P (2) Minimal complicating variables
] ‘ (3) Maximal edge mach number and Reynolds number
(4) Meeting of data-accuracy goals (paragraph 3.1.2)
(5) Angle of attack, less than 1 degree (below 120, 000 ft)

2 ' Specific design requirements for the spacecraft are given in Table 3-1,
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TABLE 3-1.

SPACECRAFT DESIGN REQUIREMENTS

Nose Tip
Material

Tip radius

Interface structure and antennae

(Aft 12 inches of calorimeter)

ablatively cooled

less than 0.15 inch

To include all an-
tennae, umbilical, etc.

CONFIGURATION GIVEN OR REQUIRED DESIGN
General

Length 13 feet maximum 13 feet

Cone half angle 5 degrees 5 degrees

*Neight 600 pounds maximum 600 pounds Ballasted
Calorimeter

Material metallic beryllium

Thickness - 0.6 inches

Surface discontinuities minimum minimum

ATJ graphite
0.10 inch

Includes all antennae,
umbilical, etc.

3.1.2 Data Accuracy and Requirements

The primary data accuracy goals as established by contract, and the data accuracies to be
achieved are given in Table 3-2, The type of measurements to be taken are listed in

Table 3-3.

TABLE 3-2. PRIMARY DATA ACCURACY GOALS

Parameter

Maximum Error

Design Status

Turbulent heating rate
Transition Reynolds number

Resultant angle of attack

*15%
+10%
1/4 degree

less than 3%
+ 3% to = 10%

meets
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TABLE 3-3. DATA SYSTEM REQUIREMENTS

DATA CATEGORY TYPE OBJECTIVE
Primary Temperature ® turbulent
21 thermal sensors heating rate
(4 T/C's each) ® transition
Secondary Body pressure ® flow ficld
® angle of attack
Base pressure ® {ransition
Motion (Rate Gyros) ® angle ol attack

® diagnostic
® t{ransition

Force (Accelerometers) ® angle of attack
® {rajectory
® {ransition

Temperature ® cold junction

Diagnostic Internal temperature 3 system operation
Voltage and current ® battery monitor
Voltage and temperature ® bheacon monitor
Incident and reflected ® telemetry monitor
power

3.1.3 Data Period Criteria

The experiment is designed to maximize the turbulent boundary layer period. The cx-
periment period is about 10 seconds (from about 120, 000 ft {o approximately 49,000 ft),
with the turbulent time being about 6.5 seconds (105, 000 ft to 49, 000 ft).

The sampling rate of individual sensing elements is based on data frequency response rc-
quirements. As such, data is monitored at 10, 20, 40, or 60 samples per second (SPS),

or is telemetered over continuous channels. The specific measurements and their sampling
rates are given in Table 3-4.

3.1.4 Re-entry Environment Requirements
No window requirement exists for the launch or re-entry and the basic requirement is that

environmental conditions are such that the telemetry and radar ground stations can acquire
the spacecraft track and telemetry data. '




3.1.5 System Requirements

The objectives of system requirements are to ensure compliance with the purpose and
constraints of the Re-entry F Turbulent Heating Experiment. Criteria have been
summarized above. System requirements include data requirements, and requirements
for launch, re-entry, transition, and angle-of-attack.

- 3.1.5.1 Data Requirements

Data requirements are based on primary data accuracy goals for the following parameters:

turbulent heating rate, transition Reynolds number, and resultant angle of attack. The
maximuin error and design status for each parameter are listed in Table 3-2. Data
system requirements are listed by category, type, and objective in Table 3-3.

3. 1 5.2 Re-entry Requirements

The spacecraft is designed to meet its svstem requirement after being subjected to the
following 3 sigma limits of injection errc¢., at separation from the Scout third stage:

(a) Velocity . .......ctiiienennnn. Nominal = 270 fps
(b) Altitude ........ e s e e e e et s e e Nominal £ 36,500 feet
(c) PathAngle ......... Ceeeee Ce e 20" £0.75° DFH

(d) Body Orientation
(1) Séout Programmer and Gyro 0. 75 degrees

(2) Third Stage Control System Deadband 0.70 degrees

(e) Body Rate
(1) Third Stage Rate Deadband 2.0 degrees/second

(2) Spring Separation System 0.45 feet/pound/second at 11-inch radius

- 3.1.5.3 Transition Reynolds Number

~ The transition Reynolds number is defined as the local Reynolds number, based on length

from the tip at which the laminar boundary layer first becomes turbulent. The accuracy

- goal for transition Reynolds number is = 10%.

3.1, 5.4 Turbulent Heating Rate

The fully turbulent heating rate as calculated from the thermal sensor thermocouple data
~ and beryllium property data shall be accurate within = 15%.
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3.1.5.5 Angle-of-Attack

The spacecraft is required to obtain a minimum angle-of-attack from 120, 600 feet altitude
until the beryllium surface begins to melt (approximately 49, 000 feet). The design goal
for the maximum absolute value of angle-of-attack at 120, 000 feet is 0.5 degrees 3 sigma

including aerodynamic trim. The measurement accuracy goal for angle of attack is
£ 1/4 degree.

3.1.6 Spacecraft Design Requirements

Spacecraft design requirements in addition to those summarized in Table 3-1 are:

(a) Weight and Balance

(1) Weight 600 pounds maximum (for more detail see section 3.4.10)
[ (2) Balance (Figure 3-1)

{. (aa) Tilt angle (maximum) . . . . 0.02 degree for Spacecraft during re-cniry

|

Tilt angle = angle between principal axis and spin axis

2 2
‘/(Ixy) * (IXZ)
< 0.02

* -
I(y or z) Ix

during re-entry

o where 1 = moment of inertial +1I = Products of Inertia
7 2 Y Xy Xz
X = roll axis
? y = pitch axis
. zZ = yaw axis

(bh) Aerodynamic (velocity vector) axis, to be determined by "banana™
(surface mapping) test is summarized in subsection 3.8 and is
described in detail in Standing Instruction SI-243890.

] (ce) Trim angle (maximum) . ... 0.1 degree

il

Trim angle angle between principal axis and aerodynamic axis

= Tiylt angle + banana angle (added vectorially)

= 0.1 degree (max) static

= 0.1 degree (max; rolling
.- (dd) Dynamic Balance (Spacecraft) = 200 oz. in2 (as a goal)

; ‘*Note: Use smaller of Iy or Iz'
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(b)

(c)

(d)

3 (e)

Telecommunications Subsystem (GE/RSD Specification S0150-00-0016)

PDM/FM/FM modulated carrier at VHT frequency of 253.8 MH,; transmilter
power, 10 dbw. Four telemetry antennae, with longitudinal slotted quariz
windows symmetrically located in aftmosti 12 inches of the spacccraft: antennac
isolated so that failure of one would not preclude transmission hy others.

Tracking Subsystem (GE/RSD Specification S0150-00-0016)

The C-Band transponder is compatible with the ground tracking radar and has
the following operating characteristics: receiving frequency, 5625 MH,: rc-
ceiving sensitivity -65 dbm; transmitting {requency, 5700 MH,: 0.5 K scc pulses
with peak power output in excess of 500 w. Two longitudinal slotied quartz
antennae windows 180 degrees apart in aftmost 12 inches of Spacceralt.

Electrical Power and Distribution Subsystem (GE/RSD Specification 0010-
08-0008

There are two 29 vdc batteries (one each for telecommunications and track-
ing subsystems); each capable of 29 vdc output after 30-day activated wet
stand life and capable of providing power for entire flight time plus 30-
minute reserve operation. Umbilical cable connection for preflight test and
launch checkout.

Performance

Capable of:

(1) obtaining and transmitting real-time data on thermal and pressurc per-
formance of calorimeter, and on spacecraft motion, during flight under
actual ballistic re-entry thermal and load environments, from liftoff to
loss of signal (3-degree radio horizon, approximately 45,000 feet)

(2) continuous performance from T-30 minutes to loss of signal (approxi-
mately T+7 minutes), and 45-minute minimum continuous performance

(3) meeting requirements and restraints of Re-entry I’ experiment, as
summarized in section 1 and subsections 3.1 and 3. 2

3.1.7 Sensor Design Requirements

- Sensors are designed to meet requirements listed in Table 3-4. Accuracy requirements
§ ' are as follows: -

H (a)
i

Measurement
Base thermal response . . . Less than 6-BTU/sq ft/sec error
Body Pressure Distribution . ., .......... ee s 0,2 psia

BasePressure...................’......‘-"»0.05psia‘
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Aerodynamic Forces

Longitudinal ........... ¢ en.. tlg
Transverse. ....... e c et e e +0.2¢
SpinRate ......... ettt + 20° /sec

NOTE: The listed pressure and motion measurement accuracies are to be
treated as goals. Larger accuracy limits are permissible where other

considerations, such as increased full scale ranges, are considered to be
overriding.

(b) Calculation

Required
Heating Rate . ....... S *15%
Transition Reynolds Number .. ... e £10%
Resultant Angle of Attack. . .+ v v v v v v v v N S V2

3.1.8 Nose Tip

The nose tip is an ablatively-cooled ATJ -graphife cone with a tip radius of 0.1 inch.
The nose tip is thermally isolated from the calorimeter. Three thermocouples are pro-

vided on the nose tip to sense an anomaly resulting in a catastrophic failure. Design
details are given in paragraph 3. 4. 5.

3.1.9 Interface and Internal Structures

The aft 12 inches of the spacecraft constitute the interface structure. The Spacecraft
interface ring is required to be mechanically compatible with the interface of the Scout
launch vehicle. The internal structure of the spacecraft consists mainly of a sub-
structure of aluminum rings and longerons, enclosed by the calorimeter and separated

from it by an adiabatic-boundary air gap. The internal structure encloses and supports

the equipment package assembly (instrument package), an electrical harness, and other

components. Design details are given in paragraph 3. 4. 4.
3.1.10 Loads - Aero, Thermo, Mechanical

‘The spacecraft is designed to meet the following load-limit requirements:

Limit load .......... Gt e seessseeeewsessss s anticipated load on structure

Yield load. . . ... S S .. .1.15 x limit load

Ultimateload.,............;........,.....,...1..504x1imitload

: i
[aurtnecias §

Eooaod
Yty

i
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’ TABLE 3-4. MEASUREMENT LIST
Sampling
Rate
- (samples
Type of Sensor Measurement . Range per second) Quantity
Temperature Thermal sensors depth
Thermocouple No. 1 (.01 inches) amb to 2350° T 20 21
No. 2 (.1 inch) amb to 2350° F 10 21
No. 3 (.3 inch) amb to 2350° T° 10 21
No. 4 (. 6 inch) amb to 2350 F 10 21
Temperature, nose tip amb to 4200° F 10 1
Temperature, internal amb to 200° F 10 4
Temperature, nose tip amb to 2200° F 10 2
Temperature, cold junction reference 20 to 140’ F 10 1
Base heat flux 0 to 150 Btu/ft2/sec 10 4
Body pressure 0 to 50 psia 20 1
Pressure Body pressure 0 to 3 psia 20 12
Body pressure 0 to 20 psia 40 13
Base pressure 0 to 0.1 psia 20 2
Base pressure 0 to 1.0 psia 20 2
Motion Pitch rate, coarse 0 + 20° /sec 60 1
Pitch rate, fine 0 +5° /sec cont 1
Yaw rate, coarse 0 + 20° /sec 60 1
Yaw rate, fine 0%5 /sec cont 1
Roll rate, coarse 0 * 2000° /sec 60 1
Roll rate, fine 0 to 500° /sec cont 1
Pitch Acceleration, coarse 0£10 g's 60 1
Pitch Acceleration, fine 0=2¢g's cont 1
Yaw Acceleration, coarse 0= 10¢g's 60 1
Yaw Acceleration, fine 0=2g's cont 1
Axial Acceleration, coarse +2 to —40 g's cont 1
Axial Acceleration, medium 210 -10 g's cont 1
Axial Acceleration, fine -2 to -3 2's cont 1




Ground, powered flight, and separation limit loads are given in Table 3-5. Four phases
of flight were considered critical for determining the load factors:

Maximum Q (dynamic pressure in 1b/ft2)
Third-stage ignition
Third-stage burnout

Maximum re-entry condition

TABLE 3-5, GROUND, POWERED FLIGHT, AND SEPARATION LIMIT LOADS

Load Condition Load Factors
Cx - Cn Gnp CGspin
(g's) (g's) (g's/inch) (g's/inch)

Ground Handling £3.0 +£3.0

Spin Test . 1.133
Launch -2.0%3.0 1.5
Max Q ~4.8£20 £9.96
First Stﬁge Burnout -5.2
Second Stage Ignition -3.2%50
Second Stage Burnout -10.4 3 0 0.035
Third Stage Ignition -5.2%50
Third Stage Burnout ~-12,8
Spin Up to 70 RPM 0.047

| Re-entry | 23.0 | +7.0

The spacecraft is designed to Withstand the following conditions during exospheric flight
from liftoff to calorimeter melt: :

Internal Temperature . ..........20° to 140°F

Time.lt..i..o..-.00~'dt'...l7minutes'

it g S er e




P———ii by

The axial acceleration (G,) during the various phases of flight and other statie envirenmen
and design conditions are given in Table 3-6.

TABLE 3-6. RE-ENTRY F FLIGHT DESIGN CONDITIONS

R q e =i e
Flight Condition Gy Gn | Gpp (ft) (Ib/A%) | degrees | M (see,

Maximun Q 4.8 0 0 35, 200 2400 5 2.54 in
1st stage burnout 5.15 0 0 47,000 | 2130 - 3.2 i |
2nd stage ignition 3.20 0 0 | 145,000 0 0 3.3 =0
2nd stage burnout | 10.4 [3.0 | 0.035 | 268, 000 0 0 12.2 Hin
3rd stage ignition 5.2 0 0 | 545,000 0 0 a2
3rd stage burnout | 12,8 0 o | 400,000 0 0 a7k

During powered flight there is no significant increase in temperature of either the heryllivm
calorimeter or the substructures. Re-entry limit loads are as follows:

G
X

G
n

G
np

Gspin

I

]

23.0g
7.0g
0.052g/inch

0.0139g/inch

Worst-case loading conditions occur during trim flight at an altitude of 40, 000 feet.
The design conditions are as follows:

Q

aT

o

—_—
=

100, 000 1b/{t2
0.3 degrees
14

23 g's

7g's




These conditions are for worst V-% conditions of

i
Tvagiinyie§

e

22 degrees

\Y

o 20,400 ft/sec

1l

Pt

which are greater than the Scout injection limits.
More detail information on loads can be found in:

(a) Re-entry T Structural Mechanics Stage 3 Release SM-TM 8156-202

(b)  Structural Mechanics Technology Lgads Release PIR SM 8156-3340

3.1.11 Internal and External Environments -

The spacecraft is designed to meet the environmental requirements given in the following , g
GE/RSD specifications: N

S0020-02-0015 External Environmental Criteria and System Qualification ‘
Test Requirement Specification for Re-entry F Turbulent : , *
Heating Experiment '

80020-02 0020 Internal Environmental Criteria and Component Qualification Test Re-
quirements Specification for Re-entry F Turbulent Heating Experiment

Electrical component temperature environment limits under which the components must .
operate, whether as individual components or as part of the spacecraft system, are de-

fined by the prelaunch phase where the spacecraft and booster are in the erected position ,
on the launcher, and are thus exposed to climatic conditions. However, the Scout Booster . -7
will not be exposed to atmospheric temperatures below 30° F or above 100° F; therefore, -

the spacecraft electrical-components operatmg-temperature environment extremes for
qualification purposes are as follows ) T

High temperature 140’ F | L ;!’
Low temperature 25° F

3.2 Technical Implementation Plan

The following is a summary description of the experiment plan, the program scope, the
spacecraft characterlstlcs, and the fhght trajectory.

3.2.1 Experiment Plan ]

(a) Mission ............ Obtain turbulent heat transfer data during the flight -
: ' of an instrumented re-entry spacecraft.

(b) Launch Vehicle ....... Modified three-stage Scout, including a re-entry
: m]ectlon stage (Boosted he-entry) ‘
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(¢) Launchsite........... Wallops Island, Virginia
(d) Impact point ..........near Bermuda
(¢) Launchdate........... January 1968

3.2.2 Program Scope

The over-all scopc of the Re-entry F Program includes the following technical elements:

(a) Experiment analysis
(b)  Sensor analysis
(c) TFlight plann;ng
(d) Design
(e) Tests
(1) Development test
(2) Qualification test
(f) Engiheering development test model
(2) Spacecraft
(i) Prototype Spacecraft
(2) Prime flight spacecraft
(3) Backup flight spacecraft
(h) Aerospace Groﬁnd Equipment (AGE)
(1) Mechanical AGE
| (2) Electrical AGE
(i) Launch operations support - prime spacecraft

§) Second flight option - backup spacecraft

(k)  Data reduction and analysis (not included in present GE contract for Re-entry F)

[\
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3.2.3 Spacecraft Characteristics

/3.2,

(a)
(b)
()
(d)
(e)
t)
(8
(h)

(i)
(3)
(k)

Shape . . . .. 5-degree half-angle cone with flat base

Length . . ... 13 feet (maximum)

Base Diameter. . .. 27.3 inches

Weight . . ... ... 600 pounds (ballasted)

Static Margin. . .k . « . « greater than 5 per cent

Ballistic Coefficient . ... 3750

Telemetry ...... PDM/FM/FM (VHF 253.8 MC) -~ 4 slot antennae

Tracking . ... .. C-band beacon (Rec. 5.625 KMC) - 2 slot antennae
(Trans. 5.700 KMC)

Separation System . ... LTV Scout Mark II (Modified Standard Scout)
Test Body . ... . Beryllium, 0.6 inch thick (Calorimeter)

Nose tip . . ... ATJ Graphite, 0.1 inch radius

4 Trajectory

(@)
o)
(©
(d)

©

t3]
(g)
(h)

Launch site .....NASA facility, Wallops Island, Virginia
Impact ....near Bermuda

Re-entry Velocity .....20,000 feet per second

Re-entry Angle ....20 degrees

Spin rate ......~ 60 rpm (imparted by Injection Stage)
Transition altitude ..... 105,000 feet (estimated)

Melt altitude evese. 49,000 feet (estimated)

Data period .......~ 6.4 seconds

The flight trajectory is shown in Figure 3-2,
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3.2.5 Scout Launch Vehicle

The Scout Launch Vehicle (Figure 3-3) is described in the Scout User's Manual. The Scout
is a solid-propellant multistage rocket-powered vehicle equipped with a preprogrammed
guidance system whereby each expended stage separates from the vehicle on a timed
sequence. The launch vehicle referred to throughout the Re-entry F Familiarization
Manual is a modified Scout with Algol IIB first-stage motor, Castor II second-stage
motor, and Antares II third-stage motor. Leading particulars of the Scout are sum-
marized in Table 3-7. The spacecraft is mated to the transition '"D" section which in-
cludes a large-diameter spin bearing. The spacecraft and the Scout are joined by a
flange and marmon clamp arrangeraent. The spinup system (Figure 3-4) includes two
spinup motors which provide clockwise spin stabilization to the spacecraft during boosted
re-entry prior to separation.

The fiberglass fairing is jettisoned by explosive bolt-marmon clamp action after third
stage burnout plus a minimum coast time to permit ta’>off. This action unlocks the spin
table (Figure 3-5) causing the spin motors fire for 0.6 seconds giving 60 rpm. At this
time, the Spacecraft explosive bolt-marmon clamp releases and the third stage retro
thrust is applied. Springs and retro provide the separation velocity between the third
stage and the spacecraft.

TABLE 3-7. SCOUT LAUNCH VEHICLE, LEADING PARTICULARS

;Weight (pou’nds) I LRI PP Net With Spacecraft*
at liftoff (complete vehicle) ............. 38,680 39, 280
at spacecraft separation**, , ., ., .......... 775 1,375
Rocket Motor Performance - Total Impulse Burn Time
’ ' (pounds per second) (seconds)

1st stage (Algol IIB) . 5,472,350 | 80.0

2nd stage (Castor II) 2,317,000 39 3

3rd stage (Antares II) | 719,540 34.9

* Spacecraft weight, 600 pounds (ballasted).

** First and second stages separated; third stage consumed.
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3.3 Data Acquisition, Reduction and Analysis

Acquisition, Reduction and Analysis of data are the responsibility of NASA/LRC. Data
will be acquired over the entire trajectory with overlapping by the tracking and telemetry
facilities of NASA/Wallops and Bermuda Stations, Bermuda will be the primary site for
telemetry data acquisition during re-entry, and the site for all re-entry radar tracking.,
The NASA telemetry ship, Range Recoverer; and two NASA aircraft also will be used for
acquiring telemetry data during re-entry. In addition, the two aircraft will acquire optical
data (photographic and spectrographic) during re-entry.

The primary data period by definition will begin at an aititude of 120K feet during re-entry
and will continue to the altitude of first melt of the beryllium surface which is predicted to
occur at 49K feet., Figures 3-6 and 3-7 are simplified block diagrams of data acquisition,
All telemetry data will be recorded in real time, Radar tracking will provide continuous
real time location and course of the Spacecraft through use of a C band transponder.

A shematic view of the electrical system (figure 3-8) shows there are eight continuous
channels and three commutated channels of telemetered data, The arrangement of the
Thermal Sernsors and the pressure orifices on the Spacecraft is shown in figure 3-9. The
spacecraft coordinate System is shown in figure 3-10.

The data will be reduced to heating rates, transition Reynolds numbers, angles of attack,

etc. by NASA/LRC and published in the form of a data report. This will provide the data

at an early date to those who may wish to make their own analyses., Later NASA/LRC will
publish an analysis report in which the data are discussed in relation to theory and other data.

3.4 Spacecraft Design
3.4.1 Spacecraft System Description

The Spacecraft (figure 3-11) is a 5-degree conical body 156 inches (13 feet) long with a 27, 3-

inch base diameter and a 0, 1-inch nose-tip radius, Its weight will be ballasted to 600 pounds.
Axial locations are designated by stations, numbered according to the distance in inches from
the cone apex, and by degrees of rotation around the cone from a reference line,

The main test body of the spacecraft is the calorimeter, a beryllium shell instrumented with
21 thermal sensors and 13 pressure ports. The calorimeter is the primary load-bearing
structure of the spacecraft and consists of seven trepanned frustums of 0. 6" thick hot-
pressed-block, structural-grade beryllium, mechanically joined to form the outer shell

of the spacecraft, This structure forms all of the cone surface except for an ATJ-graphite
nose tip and six quartz antenna windows at the aft end of the spacecraft. The base of the
cone is closed by a fiberglass aft cover.

The calorimeter encloses a substructure, separated from it by an air gap which provides
an adiabatic boundary condition. The substructure is an aluminum ring and skin assembly
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in the mid section, and is used to support an equipment package, harness, and pressure
transducers, The equipment package assembly, designed for rear-access inscrtion into
the substructure, includes most of the components of the telemetry, tracking, and
electrical subsystems., Physical and mass properties of the spacecraft are lis{ed in
Table 3-8 and electrical characteristics are listed in Table 3-9,

3.4.2 Spacecraft Configuration
The spacecraft consists of the following five major assemblies:

a) Forward section
b) Mid section

c) Aft section

d) Aft cover

e) Equipment package

These assemblies are shown in Figure 3-12, and a drawing tree of all assemblies and suh-
assemblies is shown in Figure 3-13.

3.4.2.1 Forward Section Assembly

The forward section assembly extends from the forward tip to station 24,5 and includes a
beryllium frustum, and an ATJ Graphite nose tip assembly, The beryllium frustum is
fastened to the mid section assembly through a threaded breech joint, and is fastened to
the nose tip assembly through a preloaded bolt arrangement. The nose tip assembly is
instrumented with three thermocouples.

3.4.2.2 Mid Section Assembly

The mid section assembly extends from station 24.5 to station 93.44 and consists of three
mechanically joined beryllium frustums, a ballast assembly, an internal structure (which

will contain the ballast and enclose the equipment package), and thermal and pressure sensois
with associated wiring. The ballast assembly is designed to permit adjustment of the mass
properties. The mid section is bolted to the aft section at station 93, 44,

3.4.2.3 Aft Section Assembly

The aft section assembly extends from station 93,44 to the aft end of the spacecraft, and
consists of three mechanically joined beryllium frustums, an internal structure, thermal
and pressure sensors, and associated harnessing. The aftmost 12 inches constitutes the
interface structure, and includes four VHF antenna windows and two C-Band antenna
windows, : '
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TABLE 3-8 SPACECRAFT PROPERTIES

Length:

Nose Radius:
Cone Half Angle:
Base Diameter:

Aft Facing:

Calorimeter Surface Finish:

cg Location

Angle Between Geometric Axis
and Inertial Axis:

Weight:

Physical Properties

Calorimeter Surface Step Heights:

Calorimeter Surface Gap Width:

156 inches (max)

0.1 inches (nominal)
5 degrees (nominal)
27,3 inches (nominal)

. 002 to . 006 inches
125 micro inches

Less than 0,1 degree
600 pounds (max)

.010 + , 009 inches (nominal)

97.45 station, inches (max)

'z
|
| c.g. Radial Offset:
- Static Stability Margin:
- Moments of Inertial
Loitch Iyaw:

- Products of Inertia;

Mass Properties

0,02 inches (max)
5 percent (minimum)

£ 10 slug ft2 (max)

+ 0,05 slug ft2*

to less than 200 oz. ,i_,n,,.z

* The goal shall be to reduce the dynamic unbalance about the spin axis
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TABLE 3-9 SPACECRAFT ELECTRICAL CHARACTERISTICS*

Power
: External
\ SOUrCE « « « s e e o oseeeseeswssq Electrical A.G.E. via umbilical
;' Requirements
Voltage 24vdc to 33vde, adjustable
! Current Telemetry, 10 amp: tracking, 5 amp
‘ Source impedance Less than 0.5 ohm
£ | Ripple Less than 1, 0v (peak to peak)
2 iIn'cernal
q SOUrCE + v v v v e v v evessesssss. TWO29vde batteries
é Requirements
a Voltage 29 + 2vdce
v Curreng Telemetry, 6 amp; tracking, 1.5 amp
Ripple . Less than 1, 0v (peak-to-peak)
Source impedance . Less than 0,5 ohm
Telemetry
Modulation .. ..evs00e0se00.. PDM/FM/FM
Carrier frequency .. .. e oo o000 253.8MHZ
Output RfE power. . . s ¢ e v o e oo 10 watts
Tracking |
(Tracking subsystem; C-Band transponder) |
Receiver frequency, ¢« « o e o c s s o 0000 SGZSMHZ
Output characteristics
?ﬂ Frequency. . . . . V. i s e s 5700MHZ
N | Peak POWer, . v e s o v oo oo « o o 500 watts
.- | Pulse width. ,............0.5 micro sec.
;‘* * Refer to the following GE/RSD specifications for detailed electrical requirements:
/o S0010-08~-0008-A (Electrical SyStem Bequirement Specification) and S0150-00-0016-B
;i (Instrumentation and qumpnications).
- | | ‘ : 13
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The aft end of this assembly is terminated with a closure ring which mates with the hoostevr
interface ring,

3.4.2.4 Aft Cover rssembly

The aft cover assembly is a glass-phenolic bulkhead with two aluminum stiffening members.
The stiffening members mount four base pressure transducers and four calorimeter-iype
temperature sensors.,

3.4.2.5 Equipment Package Assembly

The equipment package assembly contains the electronic equipment for the telemefry,
tracking, and electrical subsystems. The batteries are mounted af the «it end of this
assembly and are readily accessible. The spacecraft motion sensors are also located

in this assembly. Since the equipment is assembled together in a single package, cleetrieal
interfaces are minimal. These are limited to the VIIT and C-DBand Coax RI Conneetars,
the calorimeter thermal and pressure sensor harness connectors, and the wiring to the
umbilical connector. The complete package is contained within a4 removable eylindrient
shell which provides maximum handling protection.

3.4.3 Calorimeicer

The calorimeter consists of seven conical 0,6 inch thiek heryvliium rustams, 8 of whivh
are together, The seventh is conpecied by a hreech joint, The material is beryliuvm

(2% BeO), and the normal thickness of the shell is 0, 600 jnch, IFigure 3-14 shows the
detail of a bolted joint typical of 5 of the 6 joinis., The number of holts and locations are
given below. The sixth joint is a breech joint &t station 24,5 where frustums Py and T
(the 2 most forward beryllium shells) are joined together, This breech joini provides fur
ease in assembling the nose tip, which is a sensitive section of the spacecratt.

Number of | Rolt Circle Bolt Spacing
Station Bolts, N Radius, 1 (inches) (inches)
45, 00 : 12 " 3.02 1.56
65. 00 16 5.0 | 1.96
93. 44 24 7.27 1.90
115, 00 30 - 9,14 : 1.91
139.25 36 11,26 1.9

The calorimeter serves as the primary load bearing structure oi the S/C, and consists ol
three major sub-assemblies: forward section, mid-section, and aft-section. The forward
section contains only one beryllium conical shell Py, while the mid-section and aft-sections
contain three beryllium shells each. The antenna windows for both the VHF and C-band
antennae are in the aft-most beryllium shell. The windows are a fuzed silica, Corning type
7941M (quartz). Two thicknesses of window are used, 1.19 inch for the VHF and 1, 1¢ inch
for the C-Band window. '
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For the VHF antenna window, four meridianal slots are cut 1n the berylhum calonmeter |
measuring 10,5 inches by 2.44 inches each, located at 37. 5°, 127.5°, 217.5° and "07 5°
between stations 144.0 and 154,529, The windows are secured to the internal surface of
the calorimeter by an aluminum framework which is bolted to the calorimeter, Liners of
pyrolytic graphite are provided between the quartz and beryllium as thermal transition
materxal The VHF window frame design is such that large strains are not induced into
the framework due to longitudinal and hoop expansion of the calorimeter. The longitudinal
trams are relieved by prov1d1ng pinned expansion joints integral with the angles while the
hoop strains are relieved ny slotting the angles where the antenna box attaches. The window
frame is completely isolated from the calorimeter by a thin glass silicone insulation layer,

The two C-band antenna windows cut-outs are located in the beryllium calorimeter at

82,5  and 262.5° at Station 150,5. The window is held in place by an aluminum framework
which is fastened to the calorimeter. Pins and slotted or oversize screw holes have been |
employed to allow the framework to expand in the meridianal and hoop directions during
re-entry. The C-band windows have pyrolytic graphite frames and are 2. 83 mches long,

1. 64 inches wide, and 1, 10 inches thick, o

Tpe calorimeter is closed at the rear by an aft cover. The aft cover is a glass-phenolic,
aluminum beam reinforced plate and is attached to the closure ring. The cover has a

rz|1d1us of 10.9 inches and a mlmmum thickness of 0. 15 inches.
3.4.4 Internal and Interface Structure

3.F4'4° 1 Internal Structure

The internal structure in the spacecraft is composed primarily of a mid-section and an
aft-section substructure.

As shown in figure 3-15 the forward substructure is a ring-stiffened shell type assembly.
The shell consists of three segments all-of whlch are made of 0, 063 inch thick 2024-T3 B

alummum alloy.

The forward shell segment is conical in sliapé and extends from ,s,t‘ation‘ 48, 67 to 6'0. 34,
The shell, has radii of 3.55 and 4,55 inc_:hes at its forwa_l_fd and aft ends, respectively.
has a radius of 4,62 inches.

The aft shell segment is conical in shape and extends from station 70. 67 to 87,72, The
shell has radi: of 4,62 and 6,54 inches at its forward and aft ends respectively.

A :ballast fitting is attached to the forward end of the forward substructure. This ballast
fitting is made of 4130 alloy steel and extends from spacecraft stations 26.281 to 48, 03.

~ Variable ballast is held in the steel ballast fitting by a steel screw type retainer located at

the aft end. The plug has a maximum diameter of 3. 625 mches.
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The forward s‘ubstruc‘ture' is utilized to mount the equipment package, (see paragraph 3.4, 7)
"and serves as’'a mounting frame for the electrical and other components.

P

g

o
e

The aft substructure is located approximately between stations 94 and 139 as shown in
Figure 3-16. ‘ -

1 The '"rail' portion of the structure is made of two 0,050 inch thick 2024-T3 aluminum

‘ channel sections riveted together by their flanges. The forward support at station 94. 65
reacts with both axial and lateral loads while the aft support at station 139 reacts only

' with lateral loads since it is slotted to allow for thermal expansion of the calorimeter,

te The channel rails house wire bundles which weigh approximately 0.40 pounds per axial
inch, After the wires are in place a non-structural type cover is placed over the open
side of the rails to retain the wire. o

The aft end of the rails tie to a ring bulkhead at 0° and 180°. This ring is attached to the
calorimeter at 6 locations, 0°, 60°, 120°, 180°, 240°, and 300°, by brackets fastened

€1 to the web of the channel shaped bulkhead. The web portion of the channel supports 6 lbs.
of wire harness and 6 lbs. of equipment. A support bracket is used to support the forward
end of the rail, '

3.4.4.2 Interface Structures

i The calorimeter is attached to the aft closure ring by twenty 0,500 diameter steel shear

3‘“ pins at station 154.5 as shown in Figure 3-17. The aft closure ring is attached to the

~ spacecraft interface ring by 24 tension bolts (NAS 1304). The interface ring is designed
by Ling-~Temco-Vought Corp. The mechanical interface between the Re-entry-I Spacecraft ;
and the Scout Launch Vehicle is shown in Figure 3-18. In addition, the spacecraft umbilical '*’
connection at the Re-entry~F/Scout Interface is shown in Figure 3-19, ]

1 3.4.5 Nose Tip

The nose tip assembly, (Drawing No. 47E190439) extends from stations 0.966 to 8,600 and
& consists of an ATJ graphite conical shell, a porous carbon insulator inner shell, and a
tungsten alloy insert. The bond between the ATJ graphite skirt and the porous carhon is
c-{10 and the bond between the porous carbon and the tungsten alloy insert is PD162A.

A graphite plug is placed between the tungsten alloy insert and the ATJ nose tip. It has
the configuration shown in Figure 3-20. The plug is composed of 0,480 inch of ATJ and

W 0.173 inch of PG graphite. On its forward end, the plug is surrounded by graphite felt,

' originally 0,060 + 0,020 thick but compressed to 0,20 inch during assembly. To pre-
’{ load the nose tip assembly to the beryllium calorimeter, a belleville spring arrangement
I ‘ is used. Twenty springs are compressed an amount 0,100 + 0, 030 to create a 0. 890 inch

spring height and a resultant preload of 470 + 175 pounds.
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The bonded composne nose tip structure of the Re-entry F nose is a follow-on to sxmx]dr
designs in previous programs and has these common design features:

,/‘
7

1, The heat shield is free from cut-outs or stress raisers . (.

3}
-

Upon bond failure (stress-relief), the ATJ is a free-standing shell wnhout
mechanical constraint

3. The tungsten hallast extends the length of the skirt section to provide a
lateral load transfer surface

The details of this design are discussed in Document SM~-TM 8156~202 Re-entry F
Spacecraft Structural Mechanics Stage 3 Release dated March 17, 1967,

3.4.5.1 The nose tip has the following design configuration:

a. ATJ Graphite Shell

b. 0.1 Inch Nose Radius

c. 5 Half Angle

d. 2.5 Inch Overhang

e. 7. 453 Inch Length

f. O 12 Inch Skirt Thickness

3.4.5.2 The Nose Tip environment and response are as follows:
" Maximum cold wall heat flux of 20,000 BTU/SEC-Ft° at 49,000 Ft

®  Stagnation Pressure at 49, 000 Ft is 60 ATM

®  Total Recession of 0,77 inches at 49, 000 I‘t

® Nose Badlus of 0.171 at 49, 000 Ft

t
o O 008 Inches Sidewall Ablatmn Average
¢ O. 005 Inches Recession at End of Sklrt

®  Tungsten Attachment Maintained at 1200° R

3.4.5.3 The nose tip has a manufactured-gzap of 0. 100 inches and a rearward facing step
of 0,042 inches when attached to the P1 fiustum, |




3.4.6 Sensors
There are basically four types of sensors utilized in the spacecraft:

" a. Temperature
b. Pressure
c. Motion

d. Diagnostic

These sensors provide data on the thermal and pressure performance of the main body
calorimeter and aft cover, and the spacecraft motion during the primary data period.
Table 3-10 prov1des a list of thermal pressure and motion sensors, and of diagnostic
monitors.

3.4.6.1 Thermal Sensors

21 thermal sensors, each having 4 thermocouples located at nominal depths of €. 010,
0.10, 0.30, and 0.6 inches from the surface, are distributed over the calorimeter in
four orthogonal rays as shown in Figure 3-9. Additional sensors on the aft cover (Figure
3-21) aid in the determination of time of transition of the base flow,

“The prime thermal sensor shown on Figures 3-22 and 3-23 consists of a core with slots
milled to the proper depths and distances to accommodate the four thermocouples comprising
the sensor, A mandrel is provided to facilitate the assembly of the plug into the sleeve.

The core is shrink fitted by cooling with liquid nitrogen and pressing it into the sleeve. The
sensor assembly in turn is shrink fitted by the same process into a hole machined in the
calorimeter. The mandrel is machined off after assembly and the surface is blended to
form no protrusions in the finished vehlcle.

3.4,6.2 Pressure Sensors

Body surface pressures are used to provide verification of the predicted pressure dis-
tribution used in the thermodynamic heating analysis, to provide a backup technique for
determining the vehicle angle of attack and to detect any asymmetric condition, Base
pressure sensors on the aft cover are used to detect the time of wake attachment at the
base of the vehicle, Each pressure tap feeds two pressure sensors - a fine range

(0 - 3psi) and a coarse range (0 - 20 psi) for body pressure, and 0.1 and 1, 0 psi for the-
base pressure. :

The locations for the body pressure taps are consistent with the thermal sensor locations
(about 1 1/2 inch behind the thermali sensor). There are six ports along the main heat
transfer data ray (352.5 degree ray) two ports along the 82.5 ray; one along the 262.5
degree ray, and three ports along the 172.5 degree ray. At the most rearward station,

an additional port is added to improve the angle-of-attack determination from the circum-
ferential pressure distributions. The location of these surface pressure ports is shown
in Flgure 3-21 , Ty
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TABLE 3-10 SENSOR INSTRUMENTATION

MEASUREMENT . RANGE ' SAMPLING NUMBER
. L | . | RATE |-
: N (sps) N
Pitch rate, coarse ! 0+ 20° /sec. 60 | 1|
Pitch rate, fine . 05 /sec, . cont., 1
Yaw rate, coarse 0 £ 20° /sec, ‘ 60 1
Yaw rate, fine | 0 +5/sec. | cont. 1
Roll rate, coarse N 0% 2000° /sec. - | 60 1
Roll rate, fine - 0 to 500° /sec, | cont. 1
Pitch acceleration, coarse | 0:10g's 60 1
Pitch acceleration, fine 0£2g's cont, 1
Yaw acceleration, coarse - 0+£10g's 60 1
Yaw acceleration, fine 0+2g's cont. | 1 -
Axial acceleration, coarse . +2 to -40 g's c!ont. | | 1
Axial acceleration, medium +2 to -10 g's cont, | 1
Axial acceleration, [fine +2 to -3 g's c'!ont. | 1 i 1
Body pressure ‘ ‘ 0 to 3 psia 2"0 ‘ | l 12
Body pressure , 0 to 20 psia 40 - 13
Base pressure ~ 0to 0,1 psia | 20 | 2
Base pressure 0to 1,0 psia 20 2
Body pressure 0 to 50. 0 psia 20 17
“Temperature, Thermal Sensor o |
- Thermocouple #1 . amb. to 2350° F l 2: 21
#2 : amb, to 2350° F 10 21 . .,
#3 amb, to 2350° F 0 21|
#4 amb. to 2350° F 10 | 21
Temperature, Nose amb, to 2200° F ; 10 : 2 ;
. Temperature, Nose : amb. to 4200°F 1;0‘ 1 j
- E T M Incident Power ' O;to 3.0 watts 20 | — 1
b TLM Reflected Power 0 to 2,5 watts 4}0 B . SR I
TLM Battery Monitor ' 0 to 34 volts 1E0 1 ’ =
5VDC P.S. 0% Ref. (A) 170 - 180 sec, ; 1!0 1 |
5VDC P.S. 100% Ref. (A) 760 - 790 sec. 10 RI
5VDC P.S. 10% Ref, (A) 0.48 to 0,52VDC 110 1 ’
5VDC P.S. 100% Ref. (B) | 4.8t05.2VDC 10 T
N TLM Current Monitor 0 to 10 amps 1'0 1 i
N Temp. Monitor, Commutators 32 to 200° F o 10 lt | i
. Temp, Monitor, XMTR 32 to 200° F ,; 10 |5
Xponder Signal Perf, Monitor 8.5to5vDC ' 1 10 1
. Xponder Temp. & Volt. Monitor 50 to 180° F; 4.5VDC | 10 L
~ Tracking Voltage Monitor | 0 to 34 VDC N C 10 1
-~ Tracking Current Monitor |, Oto4amps : ~ 110 1
T/C Cold Junction Temp, Ref. | 20t0 140°F 3 10 | 1
' Temp. Monitor (Mid-Sect.) 32to 200° F | 10 b 1
1" Temp. Monitor (Aft Comp.) - 832t0200°F 10 1
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3.4. 6. 3 Motion Sensors

Angular velocities about the Spacecraft pitch, yaw, and roll axis are measured by two
tri-axial rate gyros. These rate sensing devices provide 0 to 5 vdc output signals

proportloned to pitch, yaw and roll rates of the Spacecraft.

Acceleratlons along each axis are measured by non-pendulous force balance servo type
linear accelerometers, These units provide a Ov to 5v output signal proportional to the
sensed pitch, yaw and axial accelerations of the spacecraft,

3.4.6.4 Diagnostic Monitors

Various diagnostic sensors are included to monitor S/C electrical and other system per-
formance,

3.4.7 Equipment Package

The equipment package assembly Figures 3-24 and 3-25 (Drawing 47R-197811) consists of
a 28 inch beam supported by bulkheads at stations 60.38 and 90. 00 and enclosed by a non-
structural conical shell dust cover. Two bathtub type fittings attached to the aft bulkhead
support two batteries mounted "piggy back'. The entire assembly is made of 2024-T4
alui{ninum alloy. The assembly is supported laterallv at the forward and aft bulkheads and
ax1a11y at the aft bulkhead.

The components on the Eqmpment Package and the1r weights and apphcable spec1flcat10ns
are shown below: | :

Unit - Weight/Unit Applicable Spec.

16. Dust Cover | - 3.01bs

|

1. Power Controller 0.65 le";""i 6119-75-0033
‘2, Transmitter 2.25 58231-95—0011
3. ‘\sco - 1.51 5821-71-0007
4. C-Band Transponder 2,50 5821-96-0005
5. lSlf’nal Data Converter ) 2.50 | 5895-35-0016
6. hign Level Commutator 0.81 5;895—65-0009
7. 5 Volt Power Supply 0. 89 | | 6'13.0—15-0015
8. Low Level Commutator (2) 2,70 ] 5895-65-0008
9. Accelerometers (7) 2,68 l{ | I 6680-01-0025
10. Filter Assembly (2) | ‘ 5915-41-0005
11, Batteries (2) 10.0 ~ 6140-61-0016
12, Battery Support Brackets (2) 1.0 1b each N
1§ Aft Bulkhead 3".' 73 1bs
14. Fwd Bulkhead = | . tesws | |

15, Rate Gyros (2) 2,20 Ibs each © 6615-30-0014
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3.4.8 Telemetry and Tracking i | : ‘ | i

The Telecommunications Subsystem Figure 3-27 provides the means for transmitting data .
from the S/C in flight to the ground stations. The aerodynamic shape of the S/C and the {
construction of the S/C calorimeter permit continuous transmission of telemetry data :
throughout the flight until S/C melt. The Tracking Subsystem utilizes a transponder
aboard the S/C to permit tracking of the S/C during re-entry. The tracking transmission it
is also continuous.

5.4.8.1 Telérrietry Subsyst‘é'ﬁl

This subsystem consists of a PDM/FM/FM link in the standard VHF band, operating on a
carrier frequency of 253.8 MH, with a power output of 10 watts radiating from four VHF
slot antennae through the VHF antennae windows, a section of which is shown in Figure 3- 26.
The VHF antenna system consists of an isolated power divider feeding four longitudinally-
~oriented slot-type VHF antenna elements lccated 90 degrees apart at the aft end of the {
. -calorimeter, A reflectometer in series with one of the antennae elements monitors the
. incident and reflected power.

The telemetry data is processed through eight subcarrier oscillators (IRIG channels 5
through 12) which are frequency-modulated by continuous high-level data (0 to 5v), and

three multiplexed subcarrier oscillators (IRIG channels 19, B, and D) each of which is | {
frequency-modulated by a pulse-duration-modulated (PDM) wavetrain provided by three | -*
electromechanical 90 x 10 multiplexers (commutators). Two of these three multiplexers —-
accept low-level inputs (0 to 50 mv), while the third accepts high-level inputs (0 to 5v). . g

Each 90 x 10 multiplexer sequentially samples up to 88 separate differential inputs 10 ;
‘times per second, and provides a nominal 5-volt serial PDM output wavetrain to its -
associated SCO. The 90 x 10 high-level multiplexer samples high-level 0v to 5v single- 5% ‘L
ended inputs, and also provides a nominal 5-volt serial PDM output wavetram to its ,
SCO (Subcarrier Oscillator) unit, = -

The output of the eight continuous sub-carrier oscillators and three muitiplexed SCO's
‘are combined in a linear mixer-amplifier whose output is the composue FM signal used
'to modulate the 10-watt transmitter,

. vW‘?

A dual 5v power supply provides two independent 5v regulated sources for instrumentation.
In addition, one source provides calibration reference voltages at 10 per cent and 100 per
‘cent levels for the high level commutator, and a differential 100 per cent calibration output
(50 mv) for the low-level commutators. Each supply is short-circuit protected.

o

‘Two identical signal data converter units, each containing nine resistor divider networks,
converthigh-level (0v to 5v) single~ended data inputs to two-wire differential low-level (0 to 50

‘mv) signal outputs., This provides the capability to utilize low-level commutator chgnnels,

SN lﬂ."i
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as requii'ed, for certain high-level instrumentation. The telecommunication subsystem
current requirement will not exceed 6,0 amperes with the telemetry link and all in~
strumentation operative. The instrumentation consists primarily of temperature, pressure,
and motion sensors, All telemetered measurements, their ranges and assigned channels

are shown in the Instrumentation and Communications Subsystem Specification S0150-00-0016,

1 3.4.8.2 Tracking Subsystem

The tracking subsystem permits radar {racking of the Spacecraft during {light, utilizing

a C-Band transponder and a C-Band antenna. The C-Band transponder provides a 500~

watt 0.5 u sec output pulse, and a receiving sensitivity of 67-dbm. The C-Bund antenna

system consists of an isolated power divider feeding coax~-{o-waveguide transitions which
radiate through two quartz windows located 180 degrees apart at the aft end ol the spac,c,-

cralt calorimeter. The tracking subsystem current requirement will not exceed 1.5

amperes with the C-Band transponder operative and being interrogated at 2. pulse 'repctitmn

rate of 100pps. Transponder temperature is monitored through the telemetry system.

3.4.9 Electrical Power and Distribution

The Electrical System encompasses the power sources for the two subsystems (lelemetry |
and tracking) a power control function, and the Aerospace Ground Equipment (AGE) inter=
face as well as the electrical system interconnection harnesses.,

The Tlectrical System mission profile may be broken into three major events:

(1) Pre~Flight Checkout
(2) Pre-Launch Condition J
_(3) Flight - | .
Préﬂight checkout is normalf y performed on external power supplied from the launch
complex. Approximately four minutes prior to lift-off the electrical system is commanied
on internal power. As the S/C lifts off, its connection with’ the launch umbilical is severed

by a pull-away action. During the flight the S/C is self-rehant. No electrical interface
exists between it and the Scout booster. '

Power is supplied by two 11:1anually-activated-Siﬁrér Zinc batteries.

Thé Telemetry Subsystem battery is capable of supplying 5.0 % 1 amperes for a period up

to § 0 ‘minutes, The Tracking Subsystem battery supplies 2,0 (+2.0 and -,5) amperes for
the same period of time., A Power Controller is provided to allow control of the eleetrical
system from the launch pad control complex. It includes the capability for switching and
controlling up to 6 amperes reliably. ~
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A common groilnd reference is provided throughout the spacecraft in order to establish
an equipotential level about which all EMF's are generated and measured, The ground
reference is common with the return side of all power and signal paths, and at one point

only,

3.4.10 Weight and Balance

3.4.10.1 A typical weight and balance summary of the Re-entry F Spacecraft and its
various components is given in Table 3-11, ‘

3.4.10.2 The values for moments of inertia and static margin for the Re-entry F
Spacecraft are approximately as shown below:

a.

b.

C.

d.

Weight 600 Ibs
Roll Moment of Inertia (Ir) = 7.26 slug ftz

Pitch & Yaw Moments of Inertia (Ip_y) = 241, 04 slug ft2
Static Margin 7.5% (CG location 93, 54)
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TABLE 3-11. WEIGHT AND BALANCE SUMMARY

Item Weight (Ib, ) C.G. Sta. (in.)
| . Nose 2, 03 9,49 .
B Calorimeter 292, 68 106,11
Structure o 121, 47 74,58 :
Ballast Fitting R 69. 27 | 38,92
Fwd Substructure ‘ ﬁ ., 8.32 | 54,91
Mid Substructure R 14,32 | ' 80. 29
Aft Substructure © 11,44 - 1i25' 03
Interface Structure 15,36 155. 47
Aft Cover - 6,10 156, 37
A Rim Cover 1.66 156, 09
Equipment Package 80. 09 86.62 |
Structure = - 20, 51 | 81. 66
" Equipment 50.81 | 84, 43
Harness 8.77 , 110, 87
‘Antennas 22,70 149, 26 o
C-Band - 3,34 | 150, 48
VHF | . 19.36 | 149, 05
= Miscellaneous | 21,00 , 123, 80
; . |
Fwd/Mid Equipment 3.44 69. 96
Aft Equipment 4,14 130, 57
Aft Cover Equipment 4,40 1,}574;. 11
Transducer Wiring | 2.25 | | 116.62
Antenna Cables 2,57 142, 26
.Sensor Wiring 1,53 107,03
e Connectors, etc, | 2,67 130. 63
Ballast ' 60.03 o 51, 04
Dynamic Allowance* :, : o 7.40 ' ) 155, 30
Weight Trim (Fwd Cavity) || . : - 87.63 | - 85,91~
Adjustment - N _ 15, 00 o - 37,57
| Totals . 600,00 9354

*Spacecraft Weight prior to dynamic trim is 592, 60 pounds, The location of final ballast |
masses depends on measuréd mass properties. '

i




3.5 Manufacturing

Manufacturing includes the functions of procurement, fabrication, assembly and ship-
ping. Figure 3-28 is a flow plan of the manufacturing process for the R~entry F
spacecraft,

3.5.1 Procurement

The Manufacturing operation administers the procurement of all material on the
Re-entry F Program._ Each item to be procured is placed into a Make or Buy
category,

3.5.,1.1 Buy Items

A Material Request (MR) is prepared with applicable drawings, specs and vendor
instructions and QAP's (Quality Assurance Provisions) where applicable, A request
for quote is sent to a minimum of 3 approved vendors if the value of the MR exceeds
$500, The order is awarded to the bidder selected by the award group after the bids
have been reviewed, On items under $500 the order is placed with an approved ven-
dor who can meet the schedule,

3l. 5.1.2 Make Items

For make items, a material list is prepared and MR's written for parts not carried
as standard stock., Specifications and drawings are attached to the MR and for-
warded to Purchasing who follow the same procedure as with the Buy items,

Table 3-12 gives a list of components for the spacecraft together with the Make or
Buy status and the quantities required, ‘

3.5.2 Fabrication
3.5.2,1 Nose Assembly

The ATJ graphite is received in large blocks and is machined with the outer surface
1/4-1nch oversize, The porous graphite is machined into a solid tapered cone, The
- porous carbon, ATJ plug and graphite felt are assembled, and the porous carbon is
pre-bonded w1th C-10 cement to the ATJ shield with a 500°F heat treatment, The

assembly is then put through a final high temperature cure after which it is X -rayed

are welded to a tungsten insert and the insert assembly is bonded to the sh1e1d assem- |

bly with a silicone bonding agent, PD 162A,

After PD 162A cure, the aft face is machined to drawing tolerances and a pyrolytic
graphite washer is bonded, The nose assembly is then bolted to the P1 calorimeter

72

Fombiinioy

Pt 5y
SIS PO |




B

' ;
3 o !
S |
; |
FORWARD NOSE ASSY 47E190438 —f— - ,
i — oo
] SECTION SENSORS (INSTALL .
) SENSOR
ASSEMBLY CALORIMETER A A S A FWD SECT.
; &) N
i
/ 47E190445 HARNESS (P)
&
5 MID STRUCTURE y
4 o
k: , A SENSORS) MID SECT
] \ A A
; ASSEMBLY SLNSORS @Q (A) Y
47R197814 HARNESS Cp} ;
f 'ENCLOSURE RING ——»\ (INSTALL
| . o SENSOR
£ AFT CALORIMETER 77— A 2
g d SECTION SENSORS QQQ
i ASSEMBLY 'WINDOWS SPACE-
i | | . 3‘ AFT SECT. /N
47R197813 PRESSURE TRANSDUCER @ . 79 {A D)— gls{:gl\}BLY
HARNESS @ 4TR197810
- ANTENNA COMPOKENTS
¥ :
AFT STRUCTURE %——>\ o E
} : COVER SHIELD - (?) (A)— rj\
« ; AFT COVE {
ASSEMBLY CALORIMETERS @ ' ijx/ R |
g 47R197807-G1 | PRESSURE TRANSDUCER Q A
: HARNESS
' EQUIPMENT - - , 1
s PACKAGE STRUCTURE @@‘I‘D s AL |
. "\ EQUIP, PKG

,!' ASSEMBLY '| COMPONENTS @I.D Y
] 47C1141164 HARNESS % o '

47C141164

. KEW: @ ASSEMBLE-,@ FABRICATE; @ MACHINE; PURCHASE; __,  STORE; __,, SHIP

Figure 3-28. Manufacturing Flow Plan




TABLE 3-12, COMPONENT MAKE OR BUY
COMPONENT Make or Qty Per |
SHELF Buy S/C
Transmitter Make 1
Data Converter Make 2
Power Controller Make 1
5 Volt Power Supply Make 1
Filter Ass'y’. Make 2
"C" Band Transponder Buy 1
Battery Buy 2
Gyro | Buy 1
Gyro i Buy 1
SCO %ASsembly Buy 1
~Commutator (Low) Buy 1
Commutator (Low) | Buyi 1
Commutator (High) | Buy 1
Accel.(+2 to -Sg)f . Bay | 1
Accel.(+2 to -10g) Buy 1
Accel. (+3 to -30g) Buy 1
Accel. (= 2g) Buy 2
Accel.»_(i 10g) Buy 2
' VEHICLE |
.Reflectometer Make 1
VHF Antenna Make 4
VHF Power Divider Make 1
"Ch Band Power Divider | Make 1
"C" Band Adptr. ’ Buy 2
Pressure Xdcr, 50%# Buy 1
H:Pfes‘sure Xder., 1# Buy 2
Pressure Xder. 1# Buy | 2
Pressure Xder., 3# Buy i 12
Pfgessure Xder. 20% Buy | 13
| Thermal Sensor i Buy = l )
Temperature Sensor Buy | 1
Calorimeter | Bdly— ' 4
Temperature Sensor Assy. | Buy 4
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frustum, - The unit is machined to size in this configuration to maintain the tight
T. I. R, requirements, and is X-rayed to ascertain that the assembly is acceptable,

3.5.2,2 Calorimeters

The calorimeters of all prime spacecraft and sensors ;'are obtained from beryllium
billets manufactured from a common beryllium powder-lot in order to maintain close
control of material properties for all pieces, The calorimeter blanks P2 through P7
for each spacecraft are trepanned from one billet, The P1 frustums for all space-
craft and the thermal sensors for all spacecraft are made from separate billets,
Thermal characterization, density and tens11e tests are performed on samples of
each billet,

The beryllium billets and frustum blanks are produced by Brush Beryllium Co, and
then shipped to American Beryllium Co, (ABC) for final machining and the sensor
installation, '

Follbwing the completion of the match-machining of the first-five frustums (P1 to
P5), frustum P6 is match-machined to P5, and P7 is then match-machined to P6
to assure that the T.I.R. (Total Indicated Runout) is held to acceptable limits,
The aft enclosure ring is assembled and installed into the P7 frustum just prior to
match-machining it to P6.

After ‘completion of the 1natch-machining operation, the frustums are disassembled
and the sensor holes are drilled and lapped for pre-selected sensors, The pres-
sure ports and temperature sensors are installed into the Calorimeter at ABC by
using liquid nitrogen (about-3o() T) to shrink the sensors before pressing them

into the calorimeter frustums,

3.5.3 Assembly

3.5.3.1 Sub-assembly

Following the completion of the blending of the pressure and thermal sensors, the
sub-assemblies are installed in the frustums. The C-band and VHF arrays are

installed in the P-7 frustum followed by the ring assembly containing the pressure
transducers, reflectometer, isolator power dividers, and the harness, o

The frustums are then assembled to form the forward assembly (nose and P-1
frustum), the mid section assembly (P2, P3 and P4 frustums), and the aft assem-
bly (P5, P6 and P7 frustums),

The harnesses are routed through troughs and terminated in the rear assembly ring.




3.5.3.2 Final Assembly

The assembly sequence for the completed spacecraft is shown in Figure 3-29,
3,5.4 Shipping

The 1spacecraft is assembled into the spacecraft shipping container for delivery,

A polypropylene protective cover is placed over the entire vehicle during final test
and shipping to insure the quality of the finish on the spacecraft, In addition a

Synthetic Plastic cover is included with the shipping container for added protection,

3.6 Reliability

The reliability effort is described in GE/RSD Document No, 66SD948A, Reliability
Program,Plan/Re-entry F Turbulent Heating Experiment, which is in accordance
with NPC 250-~1, "Reliability Provisions for Space System Contractors',

3.6.1 Reliability Activities

The major Reliability activities are indicated in the Reliability Management
Matrix, Figure 3-30, ' ‘

In addition, the Reliability Program encompasses the following elements:

a, Reliability Desigp Analysis

b, Component Parts

C. Sﬁiécifications and Standards

d.  Design Review

e. Design Change Control‘} g

f. Failure Reporting and Ari;.alysis
3.6.2 Design Specifications
The System Requirements Specification is the technical interpretation of the Work
Statement and indicates what is to be done.. From this document the subsystem
and component design and performance requirements are generated,
’![I‘he component Qualification Specification indicates the test program required for

component qualification and acceptance testing, Test data recording, failure re-
porting, etc., are included in the Qualification Specification, This Specification is

compatible with the System Acceptance and Test Specification generated by Engineering,
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ASSEI\/IBLE AFT CALORIMETER FRUSTUMS
INSTALL CLOSURE RING .
INSTALL AFT STRUCT. MEMBERS SEQUENCE (Nf‘RMAL MAINT.)

ASSEMBLE FIRST TWO FRUSTUMS OF MID CALORIMETER —
INSTALL FWD, PORTION OF MID STRUCT. A. EQUIP, PK'G. REMOVAL: PERFORM
ATTACH AFT FRUSTUM OF MID CALORIMETER STEPS(8), (9), & (12 IN REVERSE ORDER.
INSTALL AFT PORTION OF MID STRUCTURE

INSTALL EQUIP, PK'G, | B. NOSE TIP REMOVAL: PERFORM STEPS
JOIN MID & AFT SECT. ASSEMBLIES =~ ‘ & @ IN REVERSE ORDER.

ATTACH NOSE TO FWD. CALORIMETER FRUSTUM
JOIN FWD, SECT. TO S/C
ATTACH AFT COVER

Al. REMOVE AFT COVER, ATTACH EQUIPMENT
PACKAGE SLING, REMOVE BOLTS IN EQUIPMENT
PACKAGE RING, REMOVE EQUIPMENT PACKAGE,

Figure 3-29. S/C Assembly Sequence
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PROGRAM DOCUMENTATION — Sy pars
SYSTEM DESIGN SPECIFICATION 0010-02-0026 A Fw 12
EXTERNAL ENVIRONMENT SPECIFICATION 0020-01-0015 FW 4
INTERNAL ENVIRONMENT SPECIFICATION 0020-02-0020 A FW 6
EMI CONTROL PLAN 0010-09-0019 FW 5
ELECTRICAL SYSTEM REQUIREMENT SPEC, 0010-08-0008 A Fw 7
INTEGRATED TEST PLAN 665SD961 8 AUG 66
SYSTEM ACCEPTANCE TEST SPECS. 0040-01-0035 2 22
SELECTED PARTS LIST AVE 0030-03-0014 FW 7
SELECTED PARTS LIST AGE 0060-04-000" FW 7
RELIABILITY PROGRAM PLAN 6685D948 A 30 AUG 66
SELECTED MATERIALS & PROCESSES LIST REF 0060-07-0004 13 DEC 66
———
MONITORING EVENT RELIABILITY ESTIMATE ANALYSIS
SYSTEM DE FINITION
SPECIFICATION
e puale e gg;‘;?: NUMBER ITPB spec] DOCUMENT DATE 2;‘.;.
APPROV, | ISSUE
TELEMETRY TRACKING & COMMAND SUBSYSTEM 01 50-00-0016 NA REA 31 10 9993
THERMAL SENSOR A7D172363 HER3=51=0016 7 7 REA 3B 10 999999
TRANSDUCER, PRESSURE 170142331 BERG=46-0025 > 5 N REA 541 10 999499
CALORIMETER. AFT COVER 170142821 6630-10-0010 15 151 16 REA 54B 10 . 595999
ACCELFROMETER (PITCH, YAW) 17TD172303 HR80-01-0025 s G 9 REA 54B 10 D994
SCO ASSEMBLY 170142005 HR21-71-0007 9 [ 9 REA 518 10 99958
SIGNAL DATA CONVERTER 1TD172462 G895-15-0018 11 9 9 REA B 10 99994
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TRANSMITTER 1TNIT72076 H821-95-0011 9 9 9 REA 54B 10 99906
C-BAND TRANSPONDER 17C 142074 GN21=-96-0005 7 " 9 REA 5B 10 _{l!i!lii.n_j
REFLECTOMETER 47D172057 #625-55-0003 11 16] 16 REA 540 10 . 999995
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Figure 3-30. Reliability Mgmt, Matrix
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Figure 3-30, Reliability Mgmt. Matrix (Cont'd)
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3.6.3 Reliability Estimate Analysis

A reliabiiity design analysis has been performed on all components of the Re-entry~F
Spacecraft using data ava11ab1e on currently developed components of the system,

3.6.4 Failure Mode, Effect, and Crltlcahty Analysis

A Failure Mode, Effect and Criticality Analysis (PIR 8444 REF 587 and PIR 8434~
VR-539) has been performed utilizing the Reliability Design Analysis,

3.6.5 Design Preview Program

Two general types of Design Reviews are conducted: formal and informal. The
formal review involves considerable advance preparation plus a design review
meeting. For this type of review, a checklist is employed to assure that every
aspect of the design is considered, The informal design review is usually con-
ducted by a single design review engineer in. conjunction with the design engineer,
These ""desk-side' reviews are conducted on relatively non-¢complex items and
fractions of more complex designs,

3.6, 6 Failure Analysis Board

Formal Fallure Analyses are conducted on all S1gn1flcant and repetitive failures by

a Failure Analysis Board, The Board members are the Reliability Engineer (Chajr=
man), Design and Quality Control Engineers, and other specialists as required, The

Failure Analysis Board reviews the history of the test failure, determines the maode
and cause of failure, arrives at conclusions and makes recommendations, all of
which are included in the Failure Analysis Report,

3.6,7 Standards Program

A Standards Activity provi;d’ésjfor integrated technical decisions and mutnally accept= |
able definition and documentation for all parts, materials, and processes selected
as standards and a system for the rapid retrieval of standards information,

Pl
3.6.8 Configuration Management

The Configuration Management Program is directed to meet the specific needs of
t_.he Re-entry F Program in accordance with the Statement of Work,
The speclf1c conf1gurat10n elements to be managed are as follows:
_a, Intertace Deﬁmtmn l
b, Des1gn Definition |
¢. Design Changes 7
d. | Non—conformmg Materlal
€. ‘ Hardware Verification

These items are defined in more detail in the ""Reliability Program Plan,"
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3.6,8.1 Configuratibn Control
|

All !changes to and exceptions from approved drawings and specifications are inte-
grated, reviewed, evaluated, and approved/disapproved by an authorized Design
Change Board which consists of representatives from Engineering, Manufacturing,
Quality Control, and Reliability and is chaired by a Program Configuration Control
Engineer representing the Program Manager,

The Desigh Change Board re\ttews all proposed changes for the following:
a, Compliance with overall program direction,

b. Completeness and adequacy of change integration,

c. Proper change introduction point and disposition of existing matenal
if any, :

d, Accuracy, clarity, completeness, and understandability of the change.

3.6,9 Parts and Material Program
|

The component parts program applicable to the Re-entry~F program includes the
following elements:

‘a, The selection of those component parts currently available which are best
suited to the successful design of the equipment,

b, The development, dissemination and implementation of monitoring tech-
ni¢des to assure the proper application of component parts with respect
to optimum usage, derating, and reliability. :

i

c. The developme'nt and issuance of part drawings to assure proper definition
~ of parts, , '

d. The analysis of failed parts to determine failure causes and to provide
feedback information,

3.7 Quality Assurance

The Quality Assurance program is described in GE document No, 66SD797, '"Quality

‘Assurance Program Plan for Re-entry F Turbulent Heating Experiment," If-is in
~ compliance with the NASA definition of quality assurance as a planned and syste-
matic pattern (Figure 3-31) of all actions necessary to provide adequate confidence
that end items will perform satisfactorily in actual operations,
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Objectives of the plar are:

A

To provide a quality control system that assures the conformance of |
supplies and services with contrz‘;jctﬁal requirements as interpreted by
the Statement of Work L-6345-A, The Re-entry F Quality Program
will satisfy the basic requirements of NPC 250-1, NPC 200-3, and
NPC 200-4 as modified by Appendix A of the Statement of Work, and
Waiver No, 1 as granted,

To collect and analyze data to derive information concerning prevention,
appraisal, corrective action, scrap, rework, failures, and training,
Periodic reviews and independent audits will be performed to generate
and verify the data forming bases for decisions and control over
policies, procedures, organization, staffing, training, processes,
records, and products as they apply to, or are influenced by, quality
program activities,

3.7.1 Functions

The Quality Assurance program has the following functions:

a,
b.
c.
d.
e,
f.
g.
h,
i.

Jo

Control of quality program changes

DraWiﬁg and specification review

Control of procured material

Inspection of Government-furnished property

In-process control of '"Make" items and of final assembly
Control of nonconforming material

Control of meﬁsuring equipment and test equipment
Statistical planning, analysis, and quality control

Quality data management and audits

‘Materials quality control and test

_Component and System acceptance and test

Field test planning and support

R TR



m, Quality-information equipment provisioning and maintenance

n,

Detailed quality assurance and test planning

Figure 3-32 is a test flow diagram for a Re-entry F Spacecraft, Figure 3-33 shows
the work flow plan for materials quality control acceptance tests, Figure 3-34 is a
typical procedure and test flow diagram for component quality control, Figure 3-35
is a summary of Re-entry F hardware and procedural flow,

The work/hardware flow plan for the Quality Assurance program can be seen in more
detail in the Quality Assurance Plan Dccument Number 66SD979,

3.7.2 Operational Procedures

Procedures for performing the tests summarized in section 3. 8 of this manual are
described in detail in the following documents: ""Integrated Test Plan for Re-entry F
Turbulent Heating Experiment', Document Number 67SD961 and, ''Systems Accept-
ance Plan for Re-entry F Turbulent Heating Experiment'" Document Number 67SD781,
and in the appropriate SI's and 4/ 7's (Standing Instructions and Quality Assurance
Procedures), which are issued f.' the purposes as described below:

3.7.2.,1 Quality Assurance Procedures

Quality Assurance Procedures (QAP) are used for purchased components and
materials, and provide details of vendor/subcontract or quality/reliability require-
ments, . QAP's are issued under one or more of the following circumstances:

a.

b,

C.

d.

The applicable specification cr purchase ordef is inadequate, and additional
testing, controls, or data are required, ' ‘

- Operability assurance tests are performed at the vendor's facility,

The purchased item is shipp»ed direct tb the field,

Additional tests cannot be performed in house,

QAP's are submitted to NASA/Langley for review in accordance with the terms of the
contract and NPC 200-2, QAP's issued for the Re-entry F program are listed under
CDRL Sequence No, 046 in section 4.2 of this document.
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3.7.,2,2 Standing Instructions
Standing Instructions (SI) provide detailed information and procedures for inapection
or test, as applicable, Standing Instructions (SI) cover procedures for performance

of Acceptance Tests and Field Tests, and include the following:

a, Identification of the article to be tested (nomenclature, serial no.,
Drawing No,, etc,)

b, Test Objectives

c. Test and measuring equipment to be used including
(1) type, range, and "élceuracy
(2) scale, dial and device to be observed

(3) for 'i'ecording type equipment, the details of tape, chart paper,
sensitized paper or film to b used

d, Detailed operations to be ﬁerformed by the test operator ineluding vpera=
tional checks or preliminary calibration of test setup

e. Exact method of imeasuring including necessary manipulation of measur=
ing including necessary manipulation of controls both on the test item
and on the measuring and test eqmpment

f. Laboraytory conditions that must be maintained during test including
amblent or environmental conditions, and precautions to be chaerved ta
prevent damage to the item under test or instruments involved,

g. Test data sheets for recording pa?rameteréxmeasured

h. Criteria for passing or failing the test. Each parameter to be measursd
shall be defined and acceptable tolerance conditions specified on the iwst
data sheets.

3.7.3 Responsibilities

Work elements to be performed by the GE~-RSD Quality Control and Test Sectien are
apportioned to the following responsible subsections:

a. Research re-entry vehicle engineering and evaluation -~

b, Product quality assurance
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c. Quality systems engineering

d. Compoﬁent qcality control and test

e, qu-ality information equipment engineering

f, Quality control and ‘test field integration support
g. Ssrs”tem quality control and test

h, frl‘\/Iaterials quality control and test

The responsibilities for subsection '""component quality control and test" are further
subdivided to component quality control engineering, component acceptance and en-
vironmental testing, vendor surveillance, inspection, and in-process conirol, The
responsibilities for subsection '""System Quality Control and Test'" are further sub-
divided to systems quality control engineering, and to system quality reports,

The subsection '"Materials Quality Control and Test" is comprised of quality control
engineering, material acceptance testing and inspection, and failure analysis,

3.8 Testing Program

The teefing program consists of an Integrated Test Plar, a Systems Acceptance
Test Plan, and a number of component tests, '

3. 81 Integrated Test Plan

The Integrated Test Planmis' described in GE Document No., 66SD961, Th'is plan is
designed to demonstrate the ability of the spacecraft to complete its mission
successfully,

The objective of the plan is the estabhshment of a formahzed techmcally balanced .,
program to: ‘

a, . Es-tab‘l’ish the capability and compatibility of the spacecrait components,
subsystems and system,

b, Proyide a“high degree of confidence that the spacecraft will survive the
environments imposed during the mission,

c. Determine spacecraft operating and performance characteristics during
. simulated mission environmental testing,

"~ d, Assure that all tests are planned, conducted, and repoited in a sound
technical manner consistent with NASA Langley Research Center and
GE-RSD objectives, concepts policies and procedure.
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The program provides structural, combonent, subsystem, and system tests to
provide data for design evaluation and qualification of flight hardware, to provide
acceptance testing and control of the deliverable hardware, and to support the
flight program by providing prelaunch spacecraft and launch compatibility checkouts,
3.8.1.1 Summary Description
The Integrated Test Plan consists of four major categories:

a, Development Tests

b, Special Prototype Spacecraft and Qualification Tests

c. Flight and Backup Spacecraft Tests

d, . Component Tests

3.8.1,1,1 Development Tests - The intent of Development Tests is to obtain design
data, verify design concepts, and to confirm final design criteria for the spacecraft
and its associated support equipment., The data resulting from these tests are used
to establish acceptance criteria and tolerances, subsystem and system compatibility,
and assessment of performance in the environments,

Many of the componeénis for the Re-entry F Spacecraft have been developed by GE-
RSD on similar re-entry programs, Figure 3-36 shows the Development Testing flow,

There‘{ are six types of Development Tests:
“a. "St’ructural Compone:nt and Element Tests
b. Antenna Development and Subscale Antenna Patterns

¢, Nose Development Tests

d. Thermal Sensor Development Tests
€. r;'l'illéctrical System Development Tests
f. Engineering 'Development Model (E. D, M.) Tests
These tests are described in GE-RSD Document No, ‘668D96 1.
‘ 3‘. 8.1.1.2 Special Prototype Spacecraft and Qualification Tests - A prototype space-
craft of the flight configuration is subjected to a comprehensive test program designed

to demonstrate the successful performance of the spacecraft system under all modes
of operation, The prototype spacecraft undergoes essentially four types of testing:
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a, ,S.yste}m»Acceptance Tests

b. Special ﬁcsign T‘Velr'-ification Tests
c. System Qualification Tests

d. Launch Vehicle Compatibility Tests

The first three tests are to be performed at a facility of the General Electric Re-
entry Systems Department and, after completion, the spacecraft is shipped to the
launch-vehicle contractor for the fourth test, Figure 3-37 shows the prototype-
spacecraft test flow, :

3. ;8 1.1,3 Flight and Backup Spacecraft Tests - The flight and backup spacecraft
undergo system and subsystem acceptance testing including flight assurance tests of
vibration, shock, and temperature/ altitude (See Figure 3-38), The dynamic flight
assurance tests are conducted to the anticipated flight levels, Prior to and upon
completion of the Flight Assurance Testing, antenna patterns are to be taken to verify

" that the flight assurance environments have not degraded the antenna patterns of the

flight and backup spacecrafts. ,
There are two types of Flight and Backup Spacecraft Tests:
a., Acceptance Testing

b. Flight Unit Launch Support Tests
Figure 3-39 shows the System- Acceptance Test Flow, and Flgure 3-40 shows the
Flight Spacecraft Field Flow,

3.8.1,1,4 Component Tests - All components are required to pass a component
acceptance test consisting of an initial bench test to check operation and perform-
ance, and then exposure to the specified environments, Levels of exposure are
spec’ified’in'the applicable component specification which is-based on the Internal
Environmental Specification S0020-02-0020,

In‘s‘cme’——cases, the acceptance test is performed at the vendor facilities, In these
cases, a test instruction is written as a part of the Quality Assurance Provision,

3‘.*;8. 2 Systems Acceptance Test Plan

The Systems Acceptance Test Plan is described in GE Document No, 67SD781,

The plan includes systems acceptance testing of the Prototype Spacecraft, the
Flight Spacecraft, and associated Aerospace Ground Equipment (AGE) as follows:
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- tests.

a, Technical description of the Spacecraft %
b, Test/Hardware Flow Diagrams describing the test sequence *

c. A detailed déscription of the Acceptance and Flight Assurance tests to be

performed on the Spacecraft, its Subsystems, and associated AGE, i
i
d. A description of the Field Checkout and Pre-Launch tests to be accom- )

plished at the Launch Site Facility !

e. The requirements for Test Documentation, Standing Instructions, and
Data Reporting d
¢

f. A summary of the facilities, ground support equipment, and fixture to
support the test program, '
i

3.8.2.1 Test Objectives and Reference Documents

a, Verify througH 'sjfstematic tests that the end item S/C meets specified i

performance,

p T

b, Demonstrate compatibility between spacecraft subsystems,

c. Demonstrate compatibility between spacecraft and associated AGE,

Elg

A4
e |

d. Provide quantitative test data for the spacecraft loghook and calibration

book, ' - , | !‘;
The specified requirements (item a) are defined in the System and Subsystem Speci-
fications listed in CDRL Sequence No, 039 of Section 4,2, 3
P ' ’;"
3.8.2.2 Test Sequence and Test/Hardware Flow Diagrams )
o | V {1
Acceptance testing begins with acceptance tests of Electrical and Mechanical Aero- | !,

space Ground Equipment (AGE), followed by subsystem testing of the major space-
craft assemblies, These subsystems tests will verify the performance and complete= .
ness of each major assembly before proceeding with final assembly of the spacecraft
for systems level testing, Acceptance tests at the systems level will include Mission
Profile tests, Flight Assurance tests, Mass Properties tests and Spacecraft Confidence

l,u_ ‘ - st ‘ ey
A flow diagram of the End Item Systems Acceptance Test Plan (Figure 3-39) defines
the test sequence and summarizes each acceptance test to be performed on the proto-
type and flight spacecrafts. |
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Figure 3-10, Flight Spacecraft Field Flow
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3.8.2,3 Acceptance Tests

Subsystems and System Acceptance Tests are performed on the Spacecraft, its sub-
systems, and associated AGE to verify that the Spacecraft meets the minimum per-

formance criteria specified in Systems Acceptance Test Specification S0040~01-0035.

All tests are conducted and performed in accordance with the applicable Standing
Instructions (SI). These tests include: |

a.
b,

c.

Je

k.

AGE Acceptance Tests

Nose/Calorimeter Subassemblies Acceptance Tests
Instrument Package Subsystem Acceptance Tests

Motion Sensor Calibration

Voltage Standing-Wave Ration (VHF and C-Band) Test
Electrical Mate/Mission Profile Tests

Antenna Patterns Test, Pre-flight and Post-flight Assurance
Flight Assurance Vibration Shock Test

Flight Assurance Thermal/Altitude Test

Surface Mapping (Banana) Test

Mass Properties (Weight and Balance)

3.8.2.4 TField Tests

The spacecraft and AGE, upon delivery to the Field site, will be subjected to tests
- and inspections in order to ensure the following:
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No shipping damage has occurred,
The Spacecraft is electrically and mechanically compatible wii:h the booster,

Final calibrations are performed as close to the flight date as possible and

~ to verify the S/C calibration book,

The.S/C is flightworthy at the time of launching,

The S/C AGE is compétible with the blockhouse facilities,
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f. The flight batteries have been properly activated, tested, and installed,
g. The S/C and Scout upper "D" section are properly balanced dynamically.

Many of the electrical tests will be identical and run to the same Standing Instruc-
tions used during factory acceptance,

Following are summary descriptions of field organization and responsibilities, field
flow, and field testing,

3.8.2.4.1 Field Organization and Responsibilities - In general, the field activities
will be conducted as an extension of the in-house systems assembly and test function
with the addition of a Field Support and Logistics task, The organization is shown in
Figure 3-41 and Table 3-13,

| SITE MANAGER

o —

3L L. Bonn :

V] [

R R

FIELD SUPPORY ' PRODUCT QUKLJ‘Y i [ SvSTEMS TEST
,, | ASSURANCE , | ENGLNEERING p
‘ s , S
P. Versage ! J. Macek : | v. Prior 3
) | j b

Figure 3-41, Re-entry F Field Organization

3.8.2,4,2 Field Flow - The Spacecraft processing in the Field is described in Section
3.11. It is closely tied to the booster processing because of several mandatory tests
requiring booster/spacecraft combinations, The booster schedule dictates the order
of testing; i, e., spin balance must be performed before the booster assembly can be

cémpleted and the booster/spacecraft EMI test must be performed before going to the pad

3. 8.2, 5 Test‘ Documentatiorf"= Test documentation includes- standing instructions,
test data, a summary test report, and the Spacecraft TM Calibration Book,
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TABLE 3-13., RE-ENTRY F FIELD ORGANIZATION

Unit

Responsibility

Site Manager

Customer and program interface, definition, and direction
of all Field activities,

Field Support

All details of transport, quartering, and support of Field
Site, Spares provisioning, facilities communication,
station reporting, etc, Checkout of Field Site telemetry van,

Product Quality

Assurance

-y oo

Inspection, inspection planning, test monitoring,

Maintenance of Re~-entry Systems quality system,

Systems Test.

Engineering |

All testing activities at Field Site, including pmvisiuﬁ:af 7
test SI's and data, integration with Customer and Co=
contractor technical personnel as required, status reporiisg

and acting as GE Test Conductor during countdown and jaunch,

3.8.2,5,1 Standing Instructions - Those SI'S covering Systems testing are uf the
243,800 series and are listed in Section 4, 2,

3.8,2,6 TFacilities, Ground Support Equipment, and Fixtures,

3.8.2.6.1 Facilities - Facilities include an Electrical Systems Test Laboratory and

five mechanical test facilities: a Rate Table Facility, a Vibration Test T.ahoratars,
a Temperature-Altitude Facility, a Mass Pr opernes Test Facility, and g Mass
Properties Measuring Facility.

e

3.8.2.6.2 Ground Support Eqmpment Ground support equipment iﬁﬁiﬂ*iﬁk Aeruspiee
Ground Equipment, test-support equipment, and central ground station equipment,
The central ground station equipment includes hve sections: RF, FM, PDOM, ﬁi&gié‘h

and monitor,
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3.9 INTERFACES

The following paragraphs provide summary descriptions of the interfaces between
the spacecraft and the aerospace ground equipment, launch vehicle, and launcher,

and includes summaries of requlrements and procedures for spin balance and
assembly.

3.9.1 Spacecraft to Aerospace Ground Equipment

There are three major interface configurations between the spacecraft and the
Aerospace Ground Equipment (AGE): one with the mechanical AGE a}nd two with
the electrical AGE. The electrical AGE interfaces are for subsystem and system-

level testing at the launch site.

The AGE is defined and described in subsection 3.10 of this manual. Usc of the

mechanical AGE is described in GE/RSD Document No. 67SD649A (Revised

8 August 1967), Turbulent Heating Experiment Program/Mechanical Aerospace
Ground Equipment/Operating Instruction Manual, A technical description of the

electrical AGE is provided in GE/RSD Document No, 67SD650, Technical Description/ -

Re~entry F AGE.

Use of the AGE is summarized in section 3, 8 of this manual, and described in GE/RSD

Document No, 67SD781, Systems Acceptance Test Plan for Re~entry F Tuirbulent
Heating Experiment, Test procedures are covered in Standing Instructions (S.L.)

listed in Section 3.8 and GE/RSD Document No. 67SD781,

3.9.2 Spacecraft to Launch Vehicle

The interface of the spacecraft to the Scout launch vehicle (booster) is designed to
meet the requirements of the Scout User's Manual and the Payload Description
Document.

There is no electrical interface between the spacecraft and the Scout.

. The mechanical inierface is between the interface structure of the spacecraft (sub-
- section 3, 4) and transition section '""D" of the Scout. The interface structure is

the aftmost 12 inches of the aft section of the spacecraft, and includes an interface
joint, Transition section "D" is at the forward end of the third stage of the Scout.

An interface ring supplied by the launch vehicle contractor mates the spacecraft

to a large-diameter spin bearing attached to the forward end of transition sectlona'D"

The spin bearing is part of the fourth-stage spmup system, and includes a sprmg

arrangement as part of the eJection separation system,
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The fourth-stage spinup system includes two spinup motors which provide clockwise
spin stabilization to the spacecraft just after third stage burnout during boosted re-
entry before separation.

3.9.3 ,Spacecreft to Launcher

The spacecraft is connected to the Mark II Scout launcher, a utility building, anl
the blockhouse via an umbilical cable. The Spacecraft is equipped with a standard
Bendix pigmy-type (PT) connector located at the aft end of the spacecraft. This
connector is mated to a Bendix twist/pull fly-a-way plug connector (Bendix twist/
pull-type connector No., 72-3395-12),

|

Additional information may be found in the Payload Descriptiéon Document and

the Scout User's Manual.

3.9.4 Spin Balance

Spin balance, or dynamic balancing, is performed according to NASA supplied

. documentation, to ensure that the spacecraft and the Scout launch vehicle are aligned
~ so that the combination of all masses atop the spin table on transition section ""D"

of the Scout are balanced. Addltlonal 1nformat10n is 1ncluded in the Payload
Descr1pt1on Document, i

- Dynamic balancing equipment at the Wallops Station includes two vertical balancing
machines: Gisholt and Trebel. These machines are located at the Dynamic Balancing
~Facility Figure 3-42, The Gisholt machine (Figure 3-43) is located in Test
Building No, 1, and the Trebel machine (Fi'g'ure 3-44) is located in Test Building

No. 2.

The Dynamic Balancing Facility is descrlbed in the Scout User's Manual, Mechanical

) AGE are used in support of spin balance, as described in GE/RSD Document No,

"67SD649A (Revised 8 August 1967), Turbulent Heating Experiment Program/ Mechanical

Aerospace Ground Equlpment/ Operating Instruction Manual.

3.9.5 Assembly

The spacecraft is assembled in a Payload Work Facility and mated to the Scout launch
viehicle in Assembly Building No. 3. General information is included in the

Scout User's Manual, Specific information may be found in the Payload Descrxptlon
Document and Wallops Station Handbook, : ,

3. 9 6 Sequence of Wallops fbperations

The operational activities that take place during the checkout and launch phase of
Re-entry F are shown in section 3,11.

108

p— m p—

;«-"A "‘M . :

Yo ""441

S

iy ey

Lot




"REPRODUCIBILITY 'OF THE ORIGINAL PAGE IS POOR;
FOR BETTER COPY CONTACT THE DOCUMENT.ORIGINATOR."

_,_

|
i
|
1

[ "H u eRALL | B
1_ e T 1 AMES [ |
r_ .-?. ~ ELECT -3 |
lI .i- HANES :

e - — |

il - | ’ ‘ ]

Il A

! _ \ |
— ATARBLSF

I x J CAV BA

b 1,

! |
| |
— 1] \

TEST BUILDING NO. 2 (E-55)

SHELVING S ————— e = myeams i s

COUNTER

STORAGE -\,
OBSERVATICY 830w i

— - SN
- - ——————_—— - . __] Cr IFFICE
—— S
™

v
i —
If..-._ Paygan W o AR - T
B0 FR BoOw

B 152 B <%>Lm ) még

 ~ = = At = j = e A Dy
DYNAMIC BALANCE CONTROL BUILDING - E~S50 (BLOCKHOUSE)

Figure 3-42, Dynamic Balancing Facility Floor Plans

109



| peibis !

W\ 10 TON CAPACITY ‘ 3
ELECTRIC HOIST (2) Y

$ oo i
AN,

GISHOLT DYNAMIC
BALANCER IN
TEST BUILLDING. NO. 1

F{gure 3-43, Gisholt Dyhamic Balancer (T.B. #1) e

v



e i
.
.

e g

b

TREBEL
BALANC

/

|

ER — 1

10 TON CAPACITY
ELECTRIC HOIST (2)

N -

RUNOUT CHECK 36 IN.%~
 MACHINE

Figure 3-44, Runout Checking Machine and Trebel Dynamic Balancer (T.B. No, 2).

111




3.10 Aerospace Ground Equipment (AGE)

Aerospace Ground Equipment is defined as the equipment necessary to support
the spacecraft during all of its ground handling, test, and checkout operations
up to the"ime of launch.

3.10.1 Mechanical AGE
o
The mechanical AGE is used during shipment, handling, and orientation of the
spacecraft from factory through field checkout to the mating of the spacecraft to
the launch vehicle, The interface of the mechanical AGE with the spacecraft is
shown in Figure 3-45. Use of the mechanical AGE is summarized in Figure 3-46
and described in 67SD649A (Revised 8 August 1967), Turbulent Heating Experiment
Program/Mechanical Aerospace Ground Equipment/Operating Instruction Manual.
The mechanical AGE includes the following items:
(a) Shipping container
(b) Nose protector
(c) Hydraset
(d) Equipment Package Sling
(e) Assembly Tool
(f)i Equipment Package Stand
(8) Rotational Sling
(1) Positioning Sling
t n -
3,10.1.1 Shipping Container - The shipping centainer (Figure 3-47) is used as a

handling dolly for in-house processing and field handling of the spacecraft, and for
transportation of the spacecraft to the field.

3.10.1.2 Nose Protector - The nose protector (Figure 3-48) protects the nose tlp
of the spacecraft during assembly, test, and transport,

3. }0 1.3 Hydraset - The hydraset (Figure 3-48) is a hydraulic/pneumatic device for
precision positioning, and is used between an overhead hoist and a load-bearing sling,

It is used with the equipment package sling for removal of the equipment package

assembly from the spacecraft and for reinstallation of the assembly into the spacecraft, -

and is used with the positiouing sling for mating and demating of the spacecraft and
the launch vehicle, G
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The hydraset includes lifting rings for connection to the hoist and the sling,
controls for raising and lowering the load, and a strain gage with a scale dial for
indicating the weight of the load.

3.10.1.4 Equipment Package Sling - The equipment package sling (Figure 3-49) is
used for installation and removal of the instrument package (cquipment package
assembly) during ass,embly, test, and checkout. |

3.10.1.5 Assembly Tool - Th: assembly tool (Iigure 3-49) is used during rcmova]
and instaliation of the cqulpment package assembly from/into the spacceraft. It is
used to secure and disconnect fasteners in the equipment package sling, and to
disconnect and secure fasteners that attach the equipment package assembly to the
spacecraft, s

3.10.1.6 Equipment Package Stand - The equipment package stand (Figure 3-50) |
is used for support, handling, and transport of the instrumentation package (equlpmont
package assembly) during asscmbly, test, and checkout,

3.10,1,7 Rotatlonal Sling - The rotatmnal slmg (Figure 3-51) is usced to position the
spacecralt vert1cally during in-house tests and field-site dynamic halancing,

3,10.1, 8 Pos"i‘t‘ioning Slin’g - The positioning‘ sling (Figure 3-48) is used for lifting
and handling of the spacecraft during assembly, test, and checkout, and for mechanical
mating of the spacecraft to the launch vehicle.

3.10.2 Electrical AGE

The electrical AGE (Figure 3-52) is used for control, monitoring, and simulation,
A technical description is provided in GE/RSD Document Number 87SD650,
Technical Descriptions Re-entry AGE. An engineering test plan is provided in
GE/RSD Document Number 67SD706, Engineering Test Plan for the Re-entry F
Electrical Aerospace Ground Equipment, The electrical AGE consists of a Space-
craft Test Set, a Spacecraft Slmulator, and a Low-Level Sensor Simulator.

- 3.10. 2,1 Functional Configurations - The two major functional conflguratmns are
~ for the launch site, and for subsystem-level testing. In each of these major configurations.

there arc two subconfigurations: one in which the Spacecratt Test Set is connected
to the spacecraft, the other in which the Spacecraft Test Set is connected to the
Spaeecraﬂ: Simulator, '

3.10,2,1,1 Launch Site - ,Therla'fpnch-site configuration is shown in the Launch
Site Block Diagram (Figure 3-53) and the Launch-Site Interface Drawing. In this
configuration, the Spacecraft Test Set is located in the blockhouse and the Space-

_ craft Simulator is located in the launcher area. The Spacecraft Test Set interfaces
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with the LTV U6 console in the blockhouse., Land lines are provided by LTV to

-, transmit both power and signals to the launcher junction box, GE provides the

' umbilical cable from the junction box to the spacecraft, Launch-site functions include
control and monitoring of power and the provision ol spacecraft simulation,

{ 3.10,2,1,1,1 Spacecraft Simulation ~ The Spacecraft Simulator is used to test
the land line system between the Spacecraft Test Set (in the blockhouse) and the
Spacecraft umbilical connector at the launch site.

3.10,2.1.2 Subsystem-Level Testing = The subsvstem=level testing configuration

is shown in the Subsystem~Level Testing Block Diagram (Figure 3-54), In this
configuration, both the Spacecraft Test Set and the Low=Level Sensor Simulator

arc used, The instrument package is removed from the spacecraft and placed on

its stand, The electronic components can now be mated electrically to both the
Spacecraft and the electrical AGE through adapter cables, This configuration permits
electrical test and checkout of the Telemetry Subsyvstem by inserting simulated high
and low level signals from the Spacecraft Test Set and the low level simulutor,

.10, 2,2 Equipment - The equipment includes the Spacecraft Test Set, the Space-
i craft Simulator, and the Low-Level Sensor Simulator,

3.10,2,2.1 Spacecraft Test Set, - The Spacecraft Test Set performs the functions
i mentioned in paragraph 3,10, 2.1.1 except spacecraft simulation and low-level
sensor simulation, It is located in the blockhouse and consists of a single bay
cabinet with nine chassis, four control-and-indicator panels (Al through A1), four
power supplies (A5 through A8), and one blank panel (A9). The physical arrangement
of the nine chassis in the cabinet is shown in Figure 3-52,

3.10,2,2,2 Spacecraft Simulator ~ The Spacecraft Simulator (Figure 3-55) is houscd
in a table-model console, The console includes a control-and-indicator panel with
appropriate push buttons, lamp~type indicators, and test-point jacks,

3.10,2,2,3 Low-Level Sensor Simulator - The Low-Level Sensor Simulator
(Figure 3-56) is a test set that provides low-level simulation voltages (0 to 50
millivolts) to low=level commutators, which are located on the instrumentation shelf
and harnessed to the spacecraft, The Low=Level Sensor Simulator is housed in a
table-model console located in the blockhouse,

3.11 Flight Operations

The flight operation activities are described in detzil in the Re-entry F
Payload Description document, The following briefly summarizes range
support and Wallops operations,
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Figure 3-54, Subsystem Level Testing Block Diagram
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3.11.1 Range Support
Range Support will include:

(1) Telemetry data acquisition at Wallops, at Bermuda, aboard the ship
"Range Recoverer', and aboard two down-range NASA aircraft,

(2) Radar data tracking acquisition data at Wallops and at Bermuda.

(3) Optical data acquisition (Spacecraft re-entry) aboard the two down-range
NASA aircraft,

(4) Meteorological Data acquisition at Wallops and at Bermuda. Both balloons
and rockets will be utilized for this purpose.

(5) Adequate communications between all elements of the range.

(6) Timing for telemetry will be 100 PPS and 2 PPS binary-coded-decimal
time-of-day signals or in 100 PPS and 1 PPS 17 digit AFETR time codes,

J.11,2 Wallops Operations

Following is a summary description of the organization and facilities of the NASA
Wallops Station, and of the sequence of activities in support of the Re-entry ¥ Program,

3.11,2,1 Organizztion and Facilities - The organization of the NASA Wallops Stations
is described in the Wallops Station Handbook, a NASA Document, The Wallops
organization for support of the Re-entry F Program is responsible to the NASA
Langley Research Center. Launch operations at NASA/Wallops are contracted to
LTV under NASA direction,

The Wallops Station consists of the main base on the mainland and the Wallops Island
facilities connected by a causeway. The station headquarters is on the main base,
and the launch site is on the island. Re-entry F will use Launch Area No, 3. The
assembly building for Re-entry F is shown in Figure 3-57,

The Dynamic Balancing facility and its floor plans of the facility are shown in
Figure 3-42, Dynamic balancing equipment includes the Gisholt Dynamic Balancer
(Figure 3-43) in Test Building No, 1, and the Runout Check Machine and Trchel
Balancer (Figure 3-44) in Test Building No, 2.

The launcher is the Mark II Scout Launcher. Blockhouse-to-payload cabling is shown
in Figure 3-58,
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J.11.2,2 Activities Sequence - The activities sequence for the Re-entry F
spacecraft at NASA/Wallops is described in the Payload Description Document

and in GE/RSD Document No, 67SD781, Systems Acceptance Test Plan for Re~-entry
F' Turbulent Heating Experiment. The activities sequence for the Scout launch
vehicle and the imegration of the spacecraft (payload) with the Scout is described in
the Scout User's Manual,

The spacecraft activities sequence at NASA/Wallops is summarized in Figure
3-59,

The sequence has three portions: checkout to Countdown, Countdown to liftoff,
and liftoff,

3.11.2.2,1 Checkout to Countdown - The sequency during checkout to countdown
begins with the delivery of the spacecraft to NASA/Wallops and its clearance
through receiving inspection, Spacecraft activities are as follows:

a) Spacecraft Confidence Test (SI 243889)

b) Spin Balance (as planned)

¢) Pad Validation (SI 243880)

d) Disassembly and inspection (as planned)

e) VSWR Test (SI 24:884)

f) Instrumentation Tests (ST 243882)

g) Flight Battery Installation (SI 243892)

h) Mechanical Mate (as planned)

i) Spacecraft Confidence Test (SI 243889)

5) Spacecraft- Booster Mate (as planned)

K) Spacecraft-Booster RFI Test (SI 243898)

1) Final inspection and dress rehearsal (SI 243899)
Spacecraft countdown preparation begins at T-540 minutes (9 hours before

scheduled launch). The Standing Instruction for Final Ingpection and Dress Re-
hearsal is the same as for Countdown,
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Figure 3-59, Spacecraft Activities Sequence at NASA /Wallops
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3.11,2,2.2 Countdown - The Countdown procedure is described in SI 243889
and summarized in Table 3-14, Coundown begins at T-540 minutes for the
spacecraft and T-330 minutes for the Scout,

The spacecraft telecommunications (VHF telemetry) and tracking (C-Band heacon)
subsystems will be turned on during Scout electronics checkout (beginning at
T-300 minutes), to verify critical launch parameters and provide assurance of
the absence ol radio-frequency interference (RT'l).

Beginning with terminal countdown (T-30 minutes), the telecommunications and
tracking subsystems will be monitored by Wallops instrumentation, This

instrumentation includes magnetic tape recorders and five 8-channel strip chart
recorders, for monitoring the VHF telemetry and an FPS-16 tracking radar for

interrogating and tracking the C-band beacon of the spacecraft. A description of
the Wallops instrumentation is provided in the Payload Description Document.

J.11.2,2, 3 Liftoff = At liftoff (T-0 minutes), the umbilical is pulled away as the
spacecraft is launched, VHF telemetry monitoring and C-band interrogation
and tracking at NASA/Wallops continue as begun at T-30 minutes during Countdown
(paragraph 3,11, 2, 2) until loss of signal (approximately T+7 minutes).
J.11. 2,3 Launch Restraints
Weather, s s s sv snv oo nsndossaveseisenensas s same as for Scout vehicle
3.11, 2,4 Technical Difficulties
Mandatory holds if the following are not satisfactory:

Communications (between Wallops Island and downrange)

Spacecraft telemetry (all channels)

Ground telemetry (all stations)

Radar beacon (C-Band transponder)

Radar (Bermuda FPQ-6)




TABLE 3-14, COUNTDOWN

] ime

Time
(minutes) Task Title (minutes)
|
| T=5140 (9. 0 hours) Spacecraft Countdown Preparation 20
( T=520 Spacecraft Power Control Checks 20
T-500 Spacecraft Ambient " elemetry Verification 120
|
f T-380 Spacecraft C-Band Beacon Checkout 10
T-310 Secure Spacecraft Operations .-
T-330 Scout Countdown Preparation and 30
Initiation
T=-300 (5.0 hours) a) Scout Electronics Checkout 120
b) Spacecraft Telemetry and beacon
will be turned on during the period
to verify launch critical parameters
and to provide RFI assurance
T-180 (3.0 hours) Hydrogen Peroxide and Nitrogen Fueling 90
T-90 Closeout and Erection 60
T=-30 Terminal Countdown 30
l The Spacecraft portion of the Terminal
Countdown will include the following:
l 1) Verification of launch critical
parameters
l 2)  Assurance of GO beacon and telemetry
from range support
l' 3) Transfer of spacecraft to internal power
(approximately T-5 minutes)
l 4) Upon verification of no changes in
. launch critical parameters after the
' switch to internal power, the Space-
[ craft Test Conductor will signify GO
to the LTV Launch Test Conductor,
I T=0 Umbilical disconnect; liftoff

|
|
|
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3
4.0 Documentation and Data =l
This section includes a listing of the contract documentation as well as other pertinent >
data for the Re-entry F Turbulent Heating Experiment. 3

4.1 Contract Documentation

P

The contract documentation is provided in Table II of NASA Document No. L-6345-A,

Exhibit A (28 April 1966), Statement of Work/ Re-entry I Turbulent Heating Experiment,
an attachment to the contract (NAS 1-6039).

it

The schedule is organized in three parts: Part A, as specified in the statement of work
(L-6345~A Exhibit A); Part B, as specified in Document No. NPC 250-1; and Part C, as
specified in Document No. NPC 200-2. Each part is organized in sequence of paragraph
reference to the corresponding basic document (work statement, NPC 250-1, or NPC 200-2,
and includes the following information: paragraph reference, document title, date of submittal

to NASA. contractor updating requirements, quantity of copies required by NASA, and NASA
action.

e

i
L

4.2 Documentation and Index

PSS R S

The Documentation referenced below is indexed according to the CDRL Sequence Number
and the documents presently issued and supporting further detail for the familiarization
manual are listed below.

A complete listing of the CDRL sequence numbers are included in this document, on page 13.
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