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

The' Re,-entry F Turbulent Heating Experiment is a basic research flight experiment fot the 
Langley ,Research Center (LRC), of the National Aeronautics and Space Administration* The 
purpose of the experiment is to obtain measurements of fully turbulent convective heating' and 
to determine the transition Reynolds nurnber at conditions representative of advanced re• 
entry vehicles. The S!lacecraft portion of the project is cor1qucted under NASA Contract 
No. NAS 1-6039 by the General Electric Company, Missile and Space Division 1 Re-entry 
Systems Department. The launch of the Re-entry F Spacecraft is scheduled for Jnnunry 
1968. The contract start date was June 1966 and the completion date is February 1968. 

1. 1 Turbulent Heating Experiment Summary 

The NA SA Re-entry F Turbulent Heating Experiment is a basic-research experiment designed 
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 th0 
transition Reynolds number on a slender cone at flight conditions typical of advanced 
vehicles. 

The mission profile is shown in Figure 1-1. An instrumented spacecraft willhe boosted 
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 than 
be spun-up by the Scout spin table and will separate at 300,000 feet dltitude at a re-entt'y 
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 su:r.face' 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 
o. 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 analyzed to provide a basis for more accurate heat transfer theory. 

1 
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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 layer \Vith 
minhnal complicating variables. 

To determine the Reynolds number at which transition from lam.inar to turbulent flow occurs. 

1. 2. 2 Data Target Accuracy 

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

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

Heating rates ........ . • • • • • .• • • II: • • • • • • • • • 

Transition Reynolds number ................ . 

Body pressure distribution ................. . 

Base pressure .... ~ .................... . 

Resultant angle of attack .................. . 

Aerodynan1ic forces 

(1) Longitudinal ...................... . 

(2) Normal and transverse . . . . . . . . . . . . . . . . 

Spin rate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1. 3 Background Information 

±15 percent 

±10 percent 

±O. 2 psia 

±o. 2 psia 

±o. 25 degree 

±lg 

±0.2g 

±20 degrees per sec. 

~· 

l ~ 1. 3. 1 Re-entry F 

ir In early 1963 NASA Langley made an assessme1tt of experimental and analytical inforn1atirn 
ti. on the status of aerodynamic heating technology and determined: 

I 
\ 

r 

(a) the need for establishing confidence at higher velocities in the turbulent 
heating and transition data determined in ground tests by partial sin1u­
lation techniques 

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

This review included ground facility capability and likely progress in ground research, and 
an evaluation fif several flight vehicle systems. As a result, a flight experhnent was 
recommended to obtain reliable turbulent heating data at high boundary layer edge velocitic)s. 
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Following this recommendation, the LRC Re-entry Science Prograin 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 e;xperiment. 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 F 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 exr'l'.:irience has included electronic, optical, and n1echanical sub­
syscem design, development, test, and fabrication, and the design and development of 
associated aerospace ground equipment. 

There are four GE/RSD programs of primary significance to the Re-entry F Experilnent, 
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: ' r . 

'."" .. -.J " 
,:, , 
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2. 0 MANAGEMENT 

The GE 1nanage1nent 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 docurnent also includes cost-and­
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 require1nents of the Re-entry F (THE) experiment· contract with NASA­
LRC is given in the subsequent paragraphs. 

2. 1 Organization and Responsibilities 

F.our 1najor 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 1nission 

t 

responsibility at the working level. It is responsible for the clirecti<?n of all docu-
mentation efforts, the physical integration prograin, and the operational integration 
program. The Mission Working Group meets, as required, frmn 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 progra1n. 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
r~mge), and the two associate contractors (GE and LTV). 

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 LTV under NASA-LRC direction. 

The NASA Bermuda Station is the prime data acqusition and tracking site. In addition, 
a NASA data-acquisition aircraft an.d 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. Hamn1ond, 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, fabri~ation, 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 :.,ackup 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 to the NASA Langley Research 
Center or to the NASA ,vallops Station, according to instructions from the contracting of­
ficer. Acceptance of the three spacecraft shall be as follows: 

(a} Prototype Spacecraft 

(b} Flight Spacecraft 

(c} Backup Spacecraft 

2. 2. 2 Aerospace Ground Equipment 

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. 

Prelirninary acceptance upon completion 
of flight assurance tests. Final accept­
ance upon completion of prelaunch 
checkout tests. 

Final acceptance upon completion of 
functional checks following flight assurance 
tests. 

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, documentation, 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 following matrix, Table 2-1, provides a list of contract data requiremeQts 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 

Experilnent requirements have been defined for the following program objectives: 

(a) Obtain 1neasurements of heat transfer in a fully-developed turbulent boundary 
layer on a sin1ple shape with minimal complicating variables. 

(b) 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 below. 

3 .1. 1 Design Objectives 

From a given baseline which is established by the following: 

(1) Three-stage Scout launch vehicle 

(2) V -y (veloci.ty - re-entry angle) restraints 

(3) Spacecraft size, confib,ruration, and material 

( 4) Nose configuration and n1aterial 

(5) 'Spin stabilization 

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

(1) Maximal turbulent-test time 

(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) 

Specific design requirements for the spacecraft are given in Table 3-1. 
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TABLE 3-1. SPACECRAFT DESIGN REQUIREMENTS 

CONFIGURATION GIVEN OR REQUIRED DESIGN 

General 

Length 13 feet maximum 13 feet 

Cone half angle 5 degrees 5 degrees 

"'¥eight 600 pounds maximum 600 pounds Ballasted 

Calorimeter 

Material metallic beryllium 

Thickness -- O. 6 inches 

Surface discontinuities minimum minimum 

Nose TU2 

Material ablatively cooled ATJ. graphite 

Tip radius less than 0.15 inch 0.10 inch 
Q 

Interface structure and antennae 

(Aft 12 inches of calorimeter) To .include all an- Includes all antennae, 
tennae, umbilical, etc. 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 ACCUP ... ~CY GOALS 
·-· .. 

Parameter Maximum Error Besign Status 

Turbulent heating rate :!: 15% less than 3% 

Transition Reynolds number :!: 10% ± 3% to± 10% 

Resultant angle of attack 1/4 degree 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 field 
• ang'le of attack 

Base pressure • transition 

l\rlotion (Rate Gyros) • ang·lc or attack 

• cliagnostic 
• transition 

Force (Accelerometers) • ang·le of attack 

• trajectory 

• transition 

Temperature • cold junction 

Diagnostic Internal temperature • system operation 

Voltage and current • battery n1onitor 

Voltage and temperature • beacon 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 ex­
periment period is about 10 seconds (from about 120,000 ft to 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 re­
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 sampHnp; 
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. 
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3.1. 5 System Requirements 

The objectives of system requireri1ents 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 
maximum 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 system requirement after being subjected to the 
following 3 sigma limits of injection errv.··, at separation from the Scout third stage: 

(a) Velocity ................ ~ . . . . . . . . . Nominal ± 270 fps 

(b) Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . Nominal ± 36,500 feet 

(c) Path Angle . . . . . . . . . . . . . . . . . . . . . . . . 20' ± 0. 75° DFH 

(d) Body Orientation 

(1) Scout Programmer and Gyro O. 75 degrees 

(2) Third stage Control System Deadband O. 70 degrees 

(e) Body Rate 

(1) Third Stage Rate Deadband 2. 0 degrees/second 

(2) Spring S9paration 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 011 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 HeatinK 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 120,000 feet altitude 
until the beryllium surface begins to melt (approximately 49,000 feet). The design goal 
for the maxhnum absolute value of angle-of-attack at 120,000 feet is O. 5 degrees 3 sigma 
including aerodynamic trim. The measurement accuracy goal for angle of attack iR 
~ 1/ 4 degree. 

3. 1. 6 Spacecraft Design Requirements 

Spacecraft design requirements in addition to those sun1marized in Table 3-1 are: 

( a) Weight and Balance 

(1) Weight 600 pounds maximu1n (for more detail see section 3. 4.10) 

(2) Balance (Figure 3-1) 

(aa) 

(bb) 

(cc) 

Tilt angle (maximun1) . . . . 0. 02 degree for Spacecraft during re-cnt 1·r 

Tilt angle = angle be1x1een principal a.,'(is and spin axis 

:;; O. 02° during re-entry 

where I = moment of inertia I + I = Products of Inertia 
x,y,z xy xz 

X = roll axis 

y = pitch axis 

z = yaw axis 

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. 

Trim angle (maximum) . . . . 0. 1 degree 

Trim angle = angle between principal axis and aerodynamic axis 

= Tilt angle + banana angle (added vectorially) 

= 0. 1 degree (max) static 

= O. 1 degree (mru.:, rolling 

(dd) Dynamic Balance (Spacecraft) = 200 oz. in 
2 

(as a goal) 

*Note: Use smaller of I or I . y z 
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(b) Telecom1nunicat~ons Subsystem (GE/RSD Specification S0150-00-0016) 

PDM/FM/FM modulated carrier at VHF frequency of 253. 8 MH2 ; trans1nit.ier 
power, 10 dbw. Four telemetry antennae, with longitudinal slotted quartz 
windows symmetrically located in aftmosi 12 inches of the spacecraft; antenna<' 
isolated so that failure of one would not preclude transmission by othorH. 

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

(cl) 

(e) 

The C-Band transponder is compatible with the ground tracking radar and has 
the following operating characteristics: receiving frequency, 5625 1vIHz: re­
ceiving sensitivity -65 dbm; transmitting frequency, 5700 lVIHz: 0. 5 µ sec pulses 
with peak power output in excess of 500 w. T\vo longU-udinal slotted quartz 
antennae windows 180 degrees apart in aftn1ost 12 inches of Spacccrafl. 

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

There are two 29 vdc batteries (one each for telecomn1unications and track­
ing subsystems); each capable o~ 29 vdc output after 30-day activated wet 
stand life and capable of providing power for entire flight time plus 30-
minute reserve operation. U1nbilical cable connection for preflight test and 
launch checkout. 

Performance 

Capable of: 

(1) obtaining and transmitting real-time data on thermal and pressure 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 F 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: 

(a) Measurement 

Base thermal response . . . Less than 6-BTU/sq ft/sec error 

Body Pressure Distribution . . . . . . . . . . . . . . .. ± 0. 2 psia 

Base Pressure. . . . . . . . . . . . . . . . . . . . . . . . . ± 0. 05 psi a 
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Aerodynamic Forces 

Longitudinal ... . . . . . . . . . . . . . . . . . ... ± 1 g 

Transverse . . . . . . . . . . . . . . . . . . . ..... ± o. 2 g 

Spin Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 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 . . . . . . . . . . . . . . . . . . . . . . . . . . ± 15 % 

Transition Reynolds Nu1nber ............... ± 10% 

Resultant Angle of Attack .................. ± 1/4° 

3.1. 8 Nose Tip 

The nose tip is an ablatively-cooled ATJ-graphite 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 anon1aly 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 n1ainly 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 equip1nent package assembly (instrument package), an electrical harness, and other 
con1ponents. 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 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . anticipated load on structure 

Yield load ................................ 1. 15 x limit load 

Ultimate load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 5 O x limit load 
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• t TABLE 3-4. MEASURElVIENT LIST 

---------,------------------ •• -·---~-----------y-------.---------,. 

Type of Sensor 

Temperature 

Pressure 

Motion 

Measurement 

Thermal sensors 
Thermocouple No. 

No. 
No. 
No. 

depth 
1 (. 01 inches) 
2 (. 1 inch) 
3 (. 3 inch) 
4 (. 6 inch) 

Temperature, nose tip 
Temperature, internal 
Temperature, nose tip 
Temperature, cold junction reference 
Base heat flux 
Body pressure 
Body pressure 
Body pressure 
Base pressure 
Base pressure 
Pitch rate, coarse 
Pitch rate, fine 
Yaw rate, coarse 
Yaw rate, fine 
Roll rate, coarse 
Roll rate, fine 
Pitch Acceleration, coarse 
Pitch Acceleration, fine 
Yaw Acceleration, coarse 
Yaw Acceleration, fine 
Axial Accelertttion, coarse 
Axial Acceleration, n1eclium 
Axi.al Acceleration~ fine 

Range 

") 

amb to 2350 F 
amb to 2350° F 
amb to 2350° F .,. 
amb to 2350 F 
amb to 4200·; F 
amb to 200::, F 

·:) 

amb to 220ff F 
20 to 140' F 
Oto 150 Btu/ft2/sec 
0 to 50 psia 
0 to 3 psia 
0 to 20 psia 
0 to 0.1 psia 
Oto 1. O psia 
0 ± 20° /sec 
0 ± 5° isec 
0 ± 20° /sec 

0 
0 ± 5 /sec 
0 ± 2000° / sec 
0 to 500° / sec 
o ± 10 g's 
O ± 2 g's 
o::: 10 g-'s 
0 ~ ') o-1 s 

- --' 0' 

f2 to -40 g's 
• 2 to -10 g's 
• •) t<> - ') o·' S - ~, .:-,, .. 

Sampling 
Rate 

(samples 
per second) 

20 
10 
10 
10 
10 
10 
10 
10 
10 
20 
20 
40 
20 
20 
60 
cont 
60 
cont 
60 
cont 
60 
cont 
60 
cont 
cont 
cont 
cont 

Quantity 

21 
21 
21 
21 

1 
4 
2 
1 
4 
1 

12 
13 

2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 



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: 

lVlaximum Q (dynamic pressure in lb/ft
2
) 

Third-stage ignition 

Third-stage burnout 

Maximum re-entry condition 

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

Load Condition Load Factors 

Gx Gn Gnp 0 sJjin 
{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 Stage 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: 

Spin rate .......... 70 rpm 

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

Time . . . . . . . . . . . . . . . . . . . . . . 7 minutes • 
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The axial acceleration (Gx> <lurln th various phn c • of ru h nnd ott 
and design conditions ar given in Tabl 3-G. 

T DLF. 3-6. RE-E 1 TR ' F FlAGHT DI: 

Flight Condition Gx Gn Gnp (ft) (lb/ .. ) 
l\la.ximum Q 4. 0 0 35,2 2 00 

1st stage burnout 5.15 0 0 47,0 0 2130 -
2nd stage igni t an 3.20 0 0 145,000 0 0 

2nd stage burnout 10.-1 3 . 0 0.035 2G ,000 0 0 

3rd stage ignition 5. 2 0 0 545,000 0 0 

3rd s t age burnout 12. 0 0 400,000 0 0 

During power ed flight ther e is no significant incr ease in t mpcratur of 
calorimeter or lhe substr uctur es . Re- entry limit loads ar ~ a follow : 

G = 23 . 0g 
X 

G = 7.0g 
n 

G = 0. 052g/inch 
np 

G = 0. 0139g/inch spin 

• 

1 •. 

Ith •r th 

'\Vorst- case loading conditions occur during trim light at an altitude of 40, 000 f ct . 
The design conditions are as follows: 

Q = 100,000 lb/ ft2 

Ci T = O. 3 dee-rees 

l\I = Li 

Gx - 23 g' s 

Gn = 7 g' s 

1 

.1 

II m 

.J. I 



These conditions are for worst V-Y conditions of 

ae = 22 degrees 

20, 400 ft/ sec 

which are greater than the Scout injection limits. 

More detail information on loads can be found in: 

(a) Re-entry F Structural Mechanics stage 3 Release SM-TM 8156-202 

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

3. 1. 11 Internal and External Environments 

The spacecraft is designed to meet the environmental require1nents given in the following 
GE/RSD specifications: 

S0020-02-0015 External Environmental Criteria and System Qµ.alification 
Test Requirement Specification for Re-entry F Turbulent 
Heating Experiment 

S0020-02-002'0 Internal Environmental Criteria and Component Qualification Test Re-
quirements Specification fo.r 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 1 

will not be exposed to atmospheric temperatures below 30° For above 100° F; therefore, 
the spacecraft electrical-components operating-temperature environment extremes for 
qualification purposes are as follows: • , 

High temperature 

Low temperature 

140° F 

3. 2 Technical Ir.nplementation Plan 

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

3. 2.1 Experiment Plan. 

(a) 

(b) 
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Mission • • • • • • • • • • • • Obtain turbulent heat transfer data during the flight 
of an instrumented re-entry spacecraft. 

Launch Vehicle . . . . . . . Modified three-stage Scout, including a re-entry 
injection· stage (Boosted Re-entry) 
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(c) Launch site ........... Wallops Island, Virginia 

(d) Impact point . . . . . . . . .. near Bermuda 

(e) Launch date ........... January 1968 

3. 2. 2 Program Scope 

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

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

Experiment analysis 

Sensor analysis 

Flight' plannf,ng 

Design 

Tests 

(1) Develop1nent test 

(2) Qualification test 

Engineering development test model 

Spacecraft 

(1) Prototype Spacecraft 

(2) Prime flight spacecraft 

(3) Backup flight spacecraft 

(h) Aerospace Ground Equipment (AGE) 

(1) Mechanical AGE 

(2) Electrical AGE 

(i) Launch operations support - prime spacecraft 

(j) 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 

(a) Shape ..... 5-degree half-a~gle cone with flat base 

(b) Length . . . . . 13 feet (maximum) 

(c) Base Diameter .... 27. 3 inches 

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

(e) Static Margin ....... greater than 5 per cent 

(t) Ballistic Coefficient .... 3750 

(g) Telemetry ...... PDM/FM/FM (VHF 253. 8 MC) ·• 4 slot antennae 

(h) T'racking ...... C-band beacon (Rec. 5. 625 KMC) - 2 slot antennae 
(Trans. 5. 700 KMC) 

(i) 

(j) 

Separation System .... LTV Scout Mark II (Modified standard Scout) 

Test Body ..... Beryllium, O. 6 inch thick (Calorimeter) 

(k) Nose tip ..... ATJ Graphite, 0.1 inch radius 

, 3. 2. 4 Trajectory 

(a) Launch site ..... NASA facility, Wallops Island, Virginia 

(b) Impact .... near Bermuda 

(c) Re-entry Velocity ..... 20,000 feet per second 

(d) Re-entry Angle .... 20 degrees 

(e) Spin rate ...... ~ 60 rpm (imparted by Injection stage) 

(f) Transition altitude ..... 105,000 feet (estimated) 

(g) Melt altitude ...... 49,000 feet (estimated) 

(h) 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 O. 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. 
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TABLE 3-7. SCOUT LAUNCH VEIIlCLE, LEADING PARTICULARS 

Weight (pounds) . . . . . . . . . . . . . . . . . . . . . Net 

at liftoff (complete vehicle) . . . . . . . . . . . . . 38, 680 

at spacecraft separation** . . . . . . . . . . . . . . 775 

Rocket Motor Performance 

1st stage (Algol IIB) 

2nd stage (Castor II) 

3rd stage (Antares II) 

Total Impulse 
(J?Ounds per second) 

5,472,350 

2,317,000 

719,540 

* Spacecraft weight, 600 pounds (ballasted). 

** First and second stages separated; third stage consumed. 

With Spacecraft* 

39,280 

1,375 

Burn Time 
(seconds) 

80.0 

39.3 

34.9 

r 
f. 
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3. 3 Data A cguisition, 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 tele1netry 
facilities of NASA/Wallops and Bermuda Stations. Bermuda will be the prin1ary site for 
telemetry data acquisition during re-entry, and the site for all re-entry radar tracking. 
The NASA telemetry ship, Range Recoverer j 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 altitude 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. Hadar 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 Sensors 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 nun1bers, angles of attack, 
etc. by NASA/LHC 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 o. 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 instrun1ented 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 conditi.on. The substructure is an aluminum ring and skin assen1bly 
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in the 111id section, and is used to support an equipment package, harness. and pressure 
transducers. The equipment package assen1bly, designed for rear-access insertion into 
the substructure, includes most of the co1nponents of the telemetry, tracking·. and 
electrical subsystems. Physical and mass properties of the spacecraft are listed 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 assen1blies are shown in Figure 3-12, and a drawing tree of all assemblies and suh-­
asse1nblies is shown in Figure 3-13. 

3. 4. 2. 1 Forward Section Asse1nbly 

The forward section assen1bly extends from the forward tip to station 24. 5 and includeR n 
beryllium fnistum, and an AT J Graphite nose tip assembly. The beryllium frustum is 
fastened to the mid section assen1bly through a threaded breech joint, and is fastened to 
the nose tip assembly through a preloaded bolt arrangement. The nose tip assembly is 
instrun1ented with three ther1nocouples. 

3. 4. 2. 2 Mid Section Assembly 

The 1nid section assembly extends frorn station 24. 5 to station 93. 44 and consists or tht'<'l' 

mechanically joined beryllium frustums, a ballast assembly, an internal structure (which 
will contain the ballast and enclose the equipment package), and therinal and pressure scnsn1 :--. 

with associated wiring. The ballast assembly is designed to per1nit adjustment of the masH 
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 harnessir .. g. The aftn1ost 12 inches constitutes the 
interface structure, and includes four VHF antenna windows and two C-Band antenna 
windows. 
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TABLE 3-S SPACECRAFT PROPERTIES 

Phvsical Properties 

Length: 156 inches (max) 
Nose Radius: O. 1 inches (nominal) 
Cone Half Angle: 5 degrees (nominal) 
Base Diameter: 27. 3 inches (nominal) 
Calorimeter Surface Step Heights: 

Aft Facing: . 010 ± • 009 inches (nominal) 
Calorimeter Surface Gap Width: . 002 to . 006 inches 
Calorimeter Surface Finish: 125 micro inches 
cg Location 97. 45 station, inches (max) 
Angle Between Geometric Axis 

and Inertial Axis: Less than o. 1 degree 
Weight: 600 pounds (max) 

Mass Properties 

c. g. Radial Offset: o. 02 inches (max) 
1•, 

Static Stability Margin: 5 percent (minimum) 
': Moments of Inertial 

2 ' 
1, I - I • ± 10 slug ft (max) 

pitch yaw· 

Products of !Qertia: 
2 

I ± o. 05 slug ft * 

* The goal shall be to reduce the dynamic unbalance about the spin ax:is 
to less than 200 oi. in. 2 
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TABLE 3-9 SPACECRAFT ELECTRICAL CHARACTERISTICS* 

Power 

External 

Source ................. , ~ ,, . Electrical A.G. E. via umbilical 

Requirements 

Voltage 

Current 

Internal 

Source impedance 

Ripple 

24vdc to :33vdc, adjustable 

Telemetry, 10 amp: tracking, G amp 

Less than 0. 5 ohm 

Less than 1. 0v (peak to peak) 

Source ............... , ..... Two 29vdc batteries 

Requireinents 

Voltage 

Current 

Ripple 

29 ± 2vdc 

Telemetry, 6 an1p; tracking, 1. G amp 

Less than 1. 0v (peak-to-peak) 

Source impedance , Less than 0. 5 ohm 

Signals 

Telemetry 

Modulation . . . . . . . . . . . . . . . . . PDM/ FM/ FM 

Carrier frequency ............ 253.SMH z 
Output Rf power .............. 10 watts 

Tracking 

(Tracking subsystem; C-Band transponder) 

Receiver frequency ............... 5625MH z 
Output characteristics 

Ftequency ............... 5700MB z 
Peak Power .............. 500 watts 

Pulse width .............. 0. 5 micro sec . ...,_ _________ , _____ ...., 

* Refer to the following GE/RSD specific~tions for detailed electrical requirements: 
S00l0-08-0008-A (Electrical System Requirement Spe,cification) and S0150-00-0016-B 
(Instrumentation and Communications). 
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The aft end of this asscn1bly is terminated ,,1th a closure ring which 1nates with the boostel" 
interface ring. 

3. 4. 2. 4 Aft Coyer .\ ssen1bly 

The aft cover assembly is a g·lnss-phcnolic bulkhead with two alurninmn stiffening mvmhvr~. 
The stiffening n1embe1.·s rnount four base pressure transducers and four calorilneter-t~1w 
te1nperalure sensors. 

3. 4. 2. 5 Equipn1ent Package Assembly 

The equipment packn~;c assembly contnins the electronic equipment for the telenwtr.v, 
tracking, and elt'C.'trical suhsyst(•ms. The bn.tteries arQ 1nounted nt the aft end of this: 
assen1blr and are rcnclil~· accessible. The spacec\•aft motion sensor~ are also loent NL 
in this assembly. Since the equip1nent is asse1nbled together inn single packu~P,. c.\1Pt•t1·ic•al 
interfaces are n1ini mal. TheS<.' nro limited to the Vll F and c-nand Coax Rl·~ Connt•c•tors~ 
the calorimeter therrnal and pressurt\. !-iensm: harness connectors, nnd the wiring to th<\ 
mnbilical connector. The compktt\. packnge is contained within a re1novahlt:. t•yUndth•al 
shell which provides n1axinnn11 lmndling protocti.on. 

3. 4. 3 Calorin1eter 

The calorimeter consists of seven conhml O, Q inch th.Ick btll'Ylliun1 fru~ttnns, 6 of \\hkh 
are together. The seventh is conne(Jted hy n 1:rrecch joint. 'l"ht\ rri.irt-..rh't.l is bt•ryllimn 
(20; BeO), and tht! norn1al thickness of the shell is O. noo Jm:h. figur(\ a,..,1 .. 1 shcnvs tlw 
detail of a bolted joint typical of 5 of the 6 joints. The mm1be1t or lH.1lts nnd locutions in·t• 
given below. The sixth joint is a bi .. e~Gh joint at station 24~ i> where frustums P1 nnd P-> 

,, T'I 

(the 2 n1ost forward bcrylliun1 shells} nre joinCJd together. This hi,·eech joint 1n·uvidt.~~ fur 
ease in assen1bling the nose tip, which is n sensitive section of the spacecraft. 

Station 

45.00 

68.00 

93.44 

115.00 

139.25 

Nun1be1,-- of 
Bolts, N 

12 

16 

!30 

36 

Bolt Circle 
Hadius, 1· (inclws) 

3.02 

5.03 

7.27 

9.14 

11.26 

Bolt Spacing 
(inche;;) 

1.56 

l.96 

l. 90 

L91 

1.96. 

The calorimeter serves as the prin1a:ry load bearing: structure of the S/ C, nnd consists of 
three n1ajor sub-assemblies: forward section, mid-section, and aft-section. The forward 
section contains only one beryllium conical shell P 1, while the n1id-section and aft-s.ections 
contain three berylliun1 shells each. The antenna windows for both the VHF and C-band 
antennae are in the aft-n1ost beryllium shell. The windows are a fuzed silica, Corning type 
79411\1 (quartz). Two thicknesses of window are used, l. 19 inch for the VHF and 1. 11) inch 
for the C-Band window. 
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Figure 3-14. Calorimeter Bolted Joint 
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For the VHF antenna window, four meridianal slots are cut in the beryllium calorimeter 
measuring 10. 5 inches by 2. 44 inches each, located at 37. 5°, 127. 5°, 217. 5° and 307. 5° ! 
between stations 144. 0 and 154. 529. The windows are secured to the internal surface of 
the calorimeter by an aluminmn framework which is bolted to the calorimeter. Liners of 
pyrolytic graphite are provided between the quartz and beryllium as thermal transition 
material. The VHF window frame design is such that large strains are not induced into 
tlie fran1ework due to longitudinal and hoop expansion of the calorimeter. The longitudinal 
strains l:lre relieved ,bx _providing pinned expansion joints integral With the angles while the 
hoop strains are relieved by 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 inches long, 
1. 64 inches wide, and 1. 10 inches thick. 

The calorimeter is closed at the rear by an aft cover. The aft cover is a glass-phenolic, 
al~minum beam reinforced plate and is attached to the closure ring. The cover has a 
rjdius of 10. 9 inches and a minin1um thickness of o. 15 inches. 

3. 4. 4 Internal and Interface Structure 

3. 4. 4. 1 Internal Structure 

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

I 

AS shown in figure 3-15 the forward substructure is a ring-stiffened shell type assembly. 
The shell consists of three segments allof which are made of o. 063 inch thick 2024-T3 
aluminum alloy. 

The forward shell segment is conical in shape ~nd extends from station 48. 67 to 60. 34. 
T-.ie shell .has radii of 3. 55 and 4. 55 inches at its forward and aft ends, respectively. 

L 

The mid shell segment is cylindrical in shape.and exLs.nds from .station 61. 3 to 69. 78 and 
- -- ~ . 

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 radii of 4. 62 and 6. 54 inches at its forward and aft ends respectively. 

I 

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 inches. 

49 

k 
t/ - i 
/ iii 

-- ~:rmrL 



EHSI 

I 
FORWARD 

SHELL 
SEGMENT 

.MID 
SHELL 

SEGMENT 

AFT 
SHELL 

SEGMENT 

50 

SPLICE PLATE 

SUB-STRUCTURE 

' I 

1-- 13.436 -.I 
Figure 3-15. Mid-section Substructure and BaH.a~tFitting 
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The forwarc;l substructure is utilizep to 1nount the equipment package, (see paragraph 3. 4. '/) 
• and serves as· a n1ounting frame for the electrical and other components. 

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

The "rail" porti.on of the structure is made of two o. 050 inch thick 2024-T3 aluminum 
channel sections r:iveted 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. 

The channel rails house wire bundles which weigh approximately O. 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. 

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

3. 4. 4. 2 Interface Structures 

The calorimeter is attached to the aft closure ring by twenty O. 500 diameter steel shear 
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-F 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. 

3. 4. 5 Nose Tip 

The nose tip assembly, (Drawing No. 47E190439) extends from stations O. 966 to 8. 600 anq 
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 carbon is 
C-10 and the bond between the porous carbon and the tungsten alloy insert is PD162A. 

I 
i 

A graphite plug is placed between the tungsten alloy insert and the ATJ nose tip. It has 
t) 

the configuration shown in Figure 3-20. The plug is composed of o. 480 inch of ATJ and 
0.173 inch of PG graphite. On its forward end, the plug is surrounded by graphite felt, 
originally o. 060 ± O. 020 thick but compressed to o. 20 inch during assembly. To pre­
load the nose tip assembly to the beryllium calorimeter, a belleville spring arrangement 
is used. Twenty springs are compressed an amount o. 100 ± o. 030 to create a O. 890 inch 
spring height and a resultant preload of 470 ± 175 pounds. 
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The bonded composite nose tip structure of the Re-entry F nose is a follciw,,:-on to similar; 
designs in previous programs and has these common design fe~tures: / 

":1. The heat shield is free from cut-outs or stress r~isers , 

2. Upon bond failure (stress-relief), the AT,J is a. free-standing shc11 without 
mechanical constraint 

:1. The tungsten ballast 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 Rc-("lntry F 
Spacecraft Structural Mechanics ~tage 3 Release dated March 17, 1967. 

3. 4. 5. 1 The nose tip has the f91lowing design configuration: 

a. A TJ Graphite Shell 

b. o. 1 Inch Nose Radius 

c. 5° Half Angle 

d. 2. 5 Inch Overhang 

e. 7. 453 ,Inch Length 
I 

f. 0. 12 Inch Skirt Thickness 

3. 4. 5. 2 The Nose Tip environment and response are as follows: 

• 
• 

• 

• 

' . 2 . ' 
Maximum cold wall heat flux of 20,000 BTU/SEC-Ft at 49i''000 Ft 

Stagnation Pressure at 49,000 Ft is 60 ATM 

Total Recession of O. 77 inches at 49,000 Ft 

Nos'e- Radius bf 0.171 at 49,000 Ft 
l 

O. 008 Inches Sidewall Ablation Average 
I 

O. 005 Inches Recession at End of Skirt 

Tupgsten Attachment Maintained at 1200° R 
I , I ' , 

. li 

3. 4. 5. 3 The nose tip has a manufactured.g..,..~p of 0.100 inches and a rearward facing .atct1 
of o. 042 inches when attached to the Pl fb:tstum. 

·~~) 
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3. 4. 6 Sensors 
. 

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

, ; a. Temperature 

b. Press'ure 

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 provides 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 O. 010, 
0.10, o. 30, and o. 6 inches from the surface, are distributed over the calorimeter in 
four orthogonal rays a.s 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 . 

. lThe prime thermal sensor shown on Figures 3-22 and 3-23 consists of a core with slots 
milled to the proper depths a.nd 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 vehicle. 

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 
determ~ning the vehicle angle of attack and to detect any asymmetric condition. Base 
pressut,e sensors on the aft cover are used to detect the time of wake attachment at the 
base of the vehicle. Each pressure tap feeds -twp pressure s.ensors - a fine range 
(0 - 3psi) and a ooarse range (0 - 20psi) for body pressure, and 0.1 and 1. 0'psi for the. 
base pressure. • 

1· 

The locations for the body pressure taps are consistent with the thermal sensor locations 
(about 1. 1/2 inch behind the thermal 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. 1\t the most rearward station, 
ah additional port is added to improve the angle-of-attack determination f:r;om the circum­
ferential pressure distributions. The locati~Jl of these surface pressure ports is shown 
in Figure 3-21. 
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TABLE 3-10 SENSOR INSTRUMENTATION 

MEASUREMENT 
I 

I RANGE ~A1MPLING 

I 
' 

! I RATE 

' 
(sps) 

! i 0 I 

Pitch rate, coarse 
'j 

O' ± 20 /sec. 6'0 

Pitch rate, fine ; o: ± 5° /sec. cont. 

Yaw rate, coarse , 0 ± 20° /sec. 60 

Yaw rate, fine 
! , o/ 
1 0 ± 5 sec. cont. 

Roll rate, coarse 
' : 0 

' ' 0i ± 2000 /sec. 60 

Roll rate, fine . o/ 
i 0, to 500 sec. cont. 

Pitch acceleration, coarse 0 ± 10 g's 6'.0 

Pitch acceleration, fine I 0 ± 2 g's cont. 
Yaw acceleration, coarse 0, ± 10 g's 

I 

610 
Yaw acceleration, fine O ± 2 g's c

1
ont. 

Axial acceleration, coarse +2 to -40 g's c
1
ont. 

Axial acceleration, 1nedium +2 to -10 g's cont. 

Axial acceleration, !fine +~ to -3 g's I 
I cpnt. 

Body pressure o; to 3 psia 210 I 

Body pressure o: to 20 psia ~o 
Base pressure 0 to 0.1 psia 20 

Base pressure 0 to 1. 0 psia 20 

Body pressure 0 to 50. 0 psia 20 
·- Temperature, Thermal Sensor 

210 I 
Thermocouple #1 1 amb. to 2350° F 

I 

#2 amb. to 2350° F l'0 
0 I 

#3 amb. to 2350 F ~o 
#4 

0 amb. to 2350 F 110 I 

0 I 

Temperature, Nose amb. to 2200 F 10 

Temperature, Nose amb. to· 4200° F 1:0, 
' 

T!. NI Incident Power . 0 to 3. 0 watts 2,0 

TLM Reflected Power : 0 to 2. 5 watts 410 ' 

110 T LM Battery Monitor ' 0 to 34 volts 
... 

110 5 VDC P. S. 0% Ref. (A) 170 - 180 sec. 
5 VDC P. S. 100% Ref. (A) 760 - 790 sec. 110 

5 VDC P. S. 10% Ref. (A) 0. 48 to 0. 52 VDC 1b 

5 VDC P. S. 100% Ref. ( B) .. , .. 4. 8 to 5. 2 VDC 110 

T LM Current Monitor 0 to 10 amps 110 
1b Temp. Monitor, Commutators 32 to 200° F 

Temp. ·Monitor, XMTR 32 to 200° F 1
1

0 

Xponder Signal Perf. Monitor 3.5 to 5VDC ' 110 i 

Xponder Temp. & Volt. Monitor 50 to 180° F; 4. 5 VDC 1'o 

Tracking Voltage Monitor 0 to 34VDC 1b 

Tracking Current Monitor 110 
I 

0 to 4 amps 
1h TIC Cold Junction Temp. Ref. \ '- 20 to 140° F 

""[ _ 

32'-to 200° F Temp. Monitor (Mid 0Sect. ) 10 
-

1 Temp. Monitor (Aft Comp. ) 32 to 200° F 10 
: ' 

-
Qfet&XU 2ZtL4A4 "'g;z;: .. ,~,. __ ~,des iiztt,, _ =-- us 
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Figure 3-21. Aft Cover Sensors 
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CORE & MANDREL 

• 005 WIDE THERMOCOUPLE SLOT 

/" 003 THERMOCOUPLE BEAD 

• 005 TWIN BORE QUARTZ 

• 0008 DIA WIRE (2) STRANDS 

SLEEVE 

TERMINAL BOARD 

WIRE HARNESS 

Figure 3-22. Thermal Sensor Assembly (47Dl 72363) 
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Figure 3- 23. Re-entry F Thermal Sensor 
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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 Oto 5 vdc output sig1'als 
proportioned to pitch, yaw and roll rates of the Spacecraft. 

Accelerations ~long each axis are measured by non-pendulous force balance servo type 
linear acceleron1eters. 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
forinance. 

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 
aluflinum alloy. The assembly is supported laterally at the forward and aft bulkheads and 
axi~lly at the aft bulkhead. . ' 

i 
i 

The components on the Equipment Packag
1
e and their weights and applicable specifications 

are shown below: , 1 

-·-.... --
Unit Weight/Unit Applicable Spec. 

i 

1. Power Controller o. 65 lbs. I 6110-75-0033 
: 

2. , Transmitter 2.25 5821-95-0011 
.. 

3. sco 1.51 5821-71-0007 
I I 

4. . C-Band Transponder 2.50 I 5821-96-0005 
' 

i 

5. 1Signal Data Converter (2) 2.50 5895-35-0016 
' •• 

6. .Hlgh Level Con1mutator o.s1 5895-65-0009 

7. 5 Volt Power Supply 0.89 6130-15-0015 
I 

8. Low Level Comrnutator (2) 2.70 5895-65-0008 

9. Acceleron1eters (7) 2.68 6b80-01-0025 

10. Filter A ssemhly (2) 5915-41-0005 

11. Batteries (2) 10.0 6140-61-0016 

12, .. Battery Support Brackets (2) 1. 0 lb each 
• ' 

I ' 

I 13,. Aft Bulkhead 
I 

3. 73 lbs 

14. Fwd Bulkhead 1. 65 lbs 
' 

15. Rate Gyros (2) 2 .. 20 lbs each i 6615-30-0014 

16. Dust Cover 3. 0 lbs - --- . 
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3. 4. 8 Telemetry and Tracking 

The Telecommunications Subsystem Figure 3-27 provides the means for transmitting data 
from the S/C in fligbt 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 
a1:>oard the S/C to permit tracking of the S/C during .re-entry. The tracking transmission 
is also continuous. 

3. 4. 8.1 Telemetry Subsystem 

This subsysten1 consists of a PDM/FM/FM link in the standard VHF band, operating on a 
carrier frequency of 253. 8 MHz with a power output of 10 watts radiating from four VHF , 
s\ot antennae through the VHF antennae windows, a section of which is shown in Figure 3-261• 

The VHF antenna system consists of an isolated power divider feeding four longitudinally­
oriented slot-type VHF antenna elements located 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 
ftequency-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). 
Each 90 x 10 multiplexer sequentially samples up to 88 separate differential inputs 10 

, times per second, 3:nd 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
ended inputs, and also orovides a nominal 5-volt seriaf PDM output wavetrain to its 

I 

SCO (Subcarrier Oscillator) unit. 

The output of the eight continuous sub-carrier osci'llators and three multiplexed SCO's 
are combined in a linear mixer-amplifier whose output is the composite FM signalused 
to modulate the 10-watt transmitter. 

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. 

Two identical signal data converter units, each containing lliqe resistor divider networks, 
convert high-level (OV 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 ch?,:nnels, 
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as required, for certain high-level instrumentation. The telecommunication subsystem 
current requirement will not exceed 6. 0 amperes with the telemetry link and a1J in­
strumentation operative. The instrumentat1on consists primarily of temperature, pressure. 
and motion sensors. All telemetered measurements, their ranges and assigned channels 
are shown in the Instrumentation and Communications 8uhsystem Specification S01!30-00-00H,. 

_3. "1. s. 2 Tracking Suhsystem 

The tracking subsystem ,pe.rmits radar tracking of the Spacecraft during Hight, utilizing 
a C-Band transponder and a C-Band antenna .. The C'-Band transponder provides a 500-
watt o. 5 µ. sec output pulse, and a receiving sensitivity of 67-dbm. The C-Band antenna 
system consists of an isolated power divider feeding coax-to-waveguide transitions which 
radiate through two quartz windows located 180 degrees apart at the aft end or the spa<;e­
craft calorimeter. The tracking subsystem current requirement will not exceed 1. r, 
amperes with the C-Band transponder operative and being interrogated at~, pu]se repetition 
rate of l00pps. Transponckr temperature is monitored through the telemetry syRtem. 

:3. ·L !) Electrical Power and Distribution 

The Electrical System Pncompasses the power sources for the two subsystems (telemetr.v 
and tracking) a power control function, and the Aerospace Ground Equipment (AGE) inter­
face as well as the electrical system interconnection harnr•sses. 

The Electrical Systen1 mission profile may be broken into three major events: 

(1) Pre-Flight Check out 

(2) Pre-Launch Condition 

(3) Flight 

Preflight checkout is normally performed on external power supplied. from the launch 
complex. Approximately four minutes prior to lift-off Ura- e~ectrical system is cotnnutnded 
on internal power.. As the S/C lifts off, its. connection with the launch umbilical is sevtH't'td 
by a pull-away adtion. During the flight the S/C is self-reliant. No electrical interfiu.:c 
exists between it and the Scout booster. 

; 

Power is supplied by two n1anually-activated Silver Zinc batteries. 
I - -

Th¢ Telemetry Subsystem battery is capable of supplying 5. 0 ± 1: amperes for a period up 
to $D minutes. The Tracking Subsystem battery supplies 2.0 (+2.0 aQd -.5) amperes fur 
the same period of time. A Power Controller is provided to allow control of the elect:rlcal 
system from the launch pad control complex. It includes the capability for switching and 
controlling up to 6 amperes re1iably. 



A comn1on ground 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 s and at one point 
only. 

3. 4. 10 Weight and Balance 

3. 4.10.1 A typical weight and balance su1nmary of the Re-entry F Spacecraft and its 
various components is given in Table 3-11. 

I 

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. Weiglit 600 lbs 

b. Roll Moment of Inertia (Ir) = 7. 26 slug rt2 
c. Pitch & Yaw Moments of Inertia (I ) = 241. 04 slug ft

2 
p-y 

d. Static Margin 7. 5% (CG location 93. 54) 
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TABLE 3-11. WEIGHT AND BALANCE SUMMARY 

Item Weight (lb.} - C. G. Sta. (in.) 
e-..-•••-• 

i 
Nose 2.03 9. 49, 

I 

Calorimeter 292.68 106.11 

St-ructure 121.47 74.58 I 

Ballast Fitting 69.27 38.92 '• 

I I 

Fwd Substructure 3 32 54.91 
I • 

Mid Substructure 1~.32 
1

80. 29 
Aft Substructure 11. 44 1!25.03 

I 

155.47 Interface Structure 15.36 
,, 

.. 

Aft Cover 6.10 156,37 
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 I 

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 1!30,57 
Aft Cover Eauipment 4.40 is4.11 
'liransducer Wiring 1 2.25 I ~16. 62 
Antenna Cables 2.57 142.26 

, Sensor Wiring 1.53 107.03 
Connectors, etc. I 

' 
2.67 ' 130.63 

Ballast 60. 03 51.04 
-- -- . 

I 
Dynamic Allowance* 7 40 155.30 

I • 

Weight Trim (Fwd Cavity) I 37. 63 35. 91 .. 
I 

' 
Adjustment ' 15.00 37. 57 

Totals 
"' 

600.00 93.54 
-

•Spacecraft Weight prior to dynamic trim is 592. 60 pounds. The location of final ballast·· 
masses depends on measurod mass properties. 

~-· •, •. 
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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. 

~- 5. 1. 1 Buy Items 

I 
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. 

I 
3. 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 

'1i'he ATJ graphite is received in large blocks and is machined with the outer surface 
I 

1/4-inch oversize. The porous graphite is machined into a solid tapered cone. The 
porous carbon, AT J plug and graphite felt are assembled, and the porous carbon is 
pre-bonded with C-10 cement to the ATJ shield with a 500°F heat treatment. The 
a~sembly is then put through a final high temperature cure after which it is X-rayed 
and the internal diaineter of the porous carbon is ma.9hined. Temperature. sensors 
are· welded to a tungsten insert and the insert assembly is bonded to ·the shield 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 Pl calorimeter 
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TABLE 3-12. COMPONENT MAKE OR BUY 

COMPONENT Make or 
SHELF ' Buy 

I 

Transmitter Make 

Data Converter Make 

Power Controller Make 

5 Volt Power Supply Ma.Re 

Filter Assy. Make 

"C" Band Transponder Buy 

Battery Buy 

Gyro Buy i 

Gyro Buy 

SCO Assembly 
I 

Huy, 
I 

Commutator (Low) Buy I 

Commutator (Low) Buy 

Commutator (High) Buy 

Accel .. (+2 to -3g): Buy 

Accel.(+2 to -l0g) Buy 

.Acee!. (+3 to -30g) Buy 

Acee!.(± 2g) Buy 

Acee!.(± 10g) 
I Buy 

VEHICLE 

Refleetometer ' Make , 

VHF Antenna Make 

VHF Power Divider Make 
I 

"C" Band Power Divider I I I Make 

"C" Band Adptr. Buy I 

Pressure Xdcr. 50# Buy 

!Pressure Xdcr. 1# BuJ. 
I I 
Pressure Xder. 1# Buy . "" 

I 

Pressure Xdcr. 3# Buy 
I 

Pressure Xder. 20# Buy 
I 

I i 
'1 \ 

Thermal Sensor 
! 

Buy 

Temperature Sensor Buy 
I 

I 

I Calorimeter Buy 
I 
I 

Temperature Sensor Assy. Buy 
74 
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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 a~sembly is acceptable. 

~l. 5. 2. 2 Calorimeters 

The calorimeters of all prhne spacecraft and sensors ;are obtained from beryllium 
bille,ts manufactured from a common beryllium powder lot in order to maintain close 
contro~ of material properties for all pieces. The calorimeter blanks P2 th[rough P7 
for eadh spacecraft are trepanned from one billet. The Pl frustums for all space-, 
craft and the thermal sensors for all spacecraft are 1nade from separate billets. 
Thermal characterization, density and tensile tests are performed on samples of 
each billet. 

The beryllium billets and frustum blanks are produced by Brush Beryllium Co. and 
then shipped to An1erican Beryllium Co. (ABC) for final machining and the sensor 
ins tall a ti on. 

Follbwing the completion of the match-machining of the first five frustums (Pl to 
P5 ), frustum P6 is match-1nachined 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 
1natch-machining it to P6. 

' I 

After completion of the 1natch-machining operation, the frustums are disassembled 
and the sensor boles 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-350°F) to shrink the sensors before pressing them 
into the calorimeter frustums. 

3. 5. 3 Assen1bly 

3. 5. 3. 1 Sub-assembly 

Following the con1pletion 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. 

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 asse_n1-
bly (P5, P6 and P7 frustums). 

The harnesses are routed through troughs and terminated in the rear assembly ring. 
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3. 5. 3. 2 Final Assembly 

The assembly sequence for the completed spacecraft is shown in Figure 3-29. 

3. 5.,4 Shipping 

The, spacecraft is assembled into the spacecraft shipping container for delivery. 
A ptjlypropylene 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 Design Analysis 

b. Component Parts! 
i 

c. Specifications and Standards 

d. Design Review 

e. Design Change Control 
i 
i 

f. Failure Reporting and Analysis 

3. 6. 2 Design Specifications 

The System Requirements Specification is the technical interpretation C>f the Work 
Statement and indicates what is to be done.- From this document the subsystem 
and component design and performance requirements are generated. 

I 
The component Qualification Specification indicates the test program required for 
~omponent qualification and acceptanue testing. Test data recording, failure re­
porting, etc. , are included in the Qualifieation Specification. This Specification is 
compatible with the System Acceptance and Test Specification generated by Engineering. 

76 

J 
] 

.J 

] 

H 

ll 
[! . 
D 
I 

~--."] 

: ," i2 'J·i.i.i.:s;-.. =-' 



f 
L 
' I 

' l 
! 

I ' ., ' 

I 
I 
I I . 

' i' 
f 

~ ~ -+ -~--·-· ~ 

FACTORY SEQUENCE 

1. ASSEMBLE AFT CALORIMETER FRUSTUMS 
2._ INSTALL CLOSURE RING 
3. INSTALL AFT STRUCT. MEMBERS 
4. ASSEMBLE FIRST TWO FRUSTUMS OF MID CALORIMETER 
5. INSTALL :FWD. PORTION OF MID STRUCT~ 
6. ATTACH AFT FRUSTUl\iI OF MID CALORIMETER 
7. INSTALL AFT :PORTION OF MID STRUCTURE 
8. INSTALL EQUIP. PK'G. 
9. JOIN MID & AFT SECT. ASSE~.fBLIES 

IO. ATTACH NOSE TO FWD. CALORIMETER FRUSTUM 
11. JOIN FWD. SECT. TO S/C 
12. ATTACH AFT COVER 

SEQUENCE (NORMAL MAINT.) 

A. EQUIP. PK'G. REMOVAL: PERFORM 
STEPS®, ®, & @ IN REVERSE ORDER. 

B. NOSE TIP REMOVAL: PERFORM STEPS 
@) & @ IN REVERSE ORDER. 

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

Figure 3-29. S/C Assembly Sequence 
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3. 6. 3 Reliability Estimate Analysis 

A reliabiiity design analysis hasbeen performed on all components of the Re-entry-F 
Spacecraft using data available op. currently developed components of the system. 

3. 6. 4 Failure Mode, Effect, and Criticality Analysis 

A Failure Mode, Effect and Criticality Analysis (Pffi 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. Tie informal design review is usually con­
ducted by a single design review engineer in1 conjunction with tµe design engineer. 
These "desk-side" re\liews are conducted on relatively non..:cmmplex items and 
fractions of more complex designs. 

3. 6. 6 Failure Analy~is Board 

Formal Failure Analyses are conducted on all significant and repetitive failures by 
a Failure Analysis Board. The Board members are the Reliability Engineer (Chair­
man), Design and Quf:llity Control Engineers, and other specialists as required. Thv 
Failure Analysis Board reviews the history of the test failure, determines the mode 
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 provides for integrated technical decisions and mutually fict!f!iPt• 
able definition and documentation for all parts, materials, and processes selected 
as standards and a systen1 for the rapid retrieval of standards informationll 

I 

3. 6. 8 Configuration Management 

The Configuration Management Program is· dii'ected to meet the, specific needs or 
the Re-entry F Program in accordance with the Statement of Work. 

)! 

The specific configuration ,el~ments to be managed are as follows: 
' 

, I 

a. Interface Def~nition [ 

b. Design Definition 

c. Desigi;i Changes 

d. Non-conforming Material 

e. Hardware Verification 

These items are defined in more detail in the "Reliability Program Plan. n 
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3.6. 8., l Configuration 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 Design Change Board reviews all proposed changes for the following: 

a. Compliance with overall program direction. 

b. Completeness and adequacy of change integration. 
_i 

c. Proper c,hange introduction point and disposition of existing material, 
if any. 

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

3.6.'
1
9 Parts and Material Program 

I 

The component parts pr6gram applicable to the He-entry-F program includes the 
fallowing elements: 

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

b. Thf j:ievelopment, dissemination and .nnplementation of monitoring tech­
ni<iaes to assure the proper application of component parts with·- respect 
to optimun1 us~ge, derating, and reliability. 

I 

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. 668D797, "Quality 
Assurance Program Plan for Re-entry F Turbulent Heating Experiment." It1is 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 contra:ctaal 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. 

b. Td collect and analyze data to derive information concerning prevention, 
appraisal, corrective action, scrap, rework, failur("S, and training. 
Periodic reviews and independent audits will he perform£id to generate 
and verify the 1da;ta 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 11ctivities. 

3. 7 .' 1 Functions 

The Quality Assurance program has the following functions: 

a. Control or quality program changes 

b. Drawing and specification review 

c. Control of procured material 

d. Inspection of Government-furnished property 

e. In-process control of "Make" items and of final assembly 

f. Control of nonconforming material 

g. Control of n1easuring equipment and test equipn1ent 

h. Statistical planning, analysis, and quality control 

i.. Quality data managemeµt and audits 

j. Materials quality control and test 

k~ ... Component andSystem acceptance and test 

I. Field test planning and support 

l 
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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 ha!'dware 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 6 7 8D96 l and, "Systems Accept­
ance Plan for Re-entry F Turbulent lleating Experiment" Document Number 678D781, 
and in the appropriate Si's and ('I: 1:"1's (Standing Instructions and Quality Assurance 
Procedures), which are issued t, -~ 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. 1 QAP's are issued under one or more of the following circumstances: 

a. The applicable specification or purcha~;e order is inadequate, and additional 
testing, controls, or data are required. 

b. Operability assurance tests are performed at the vendor's facility. 

c.. The purchased item is shipped direct to the field. 

d. 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 
CORL Seqv;ence 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 il1~perthm 
or test, as applicable. Standing Instructions (SI) cover procedures for perfornuuic@ 
of Acceptance Tests and Field Tests, and include the following: 

a. Identification of the-article to be tested (nomenclature, serial noj! 1 

Drawing No. , etc. ) 

b. T~st Objectives 

c. Test and .n1easuring equipment to be used including 

(1) ty~, range, and accui·acy 

d. 

e. 

f. 

g. 

h. 

(2) scale, dial and device to be observed 

(3) for recording type equil)lllttnt, the detan~ of ta)}@, ,.,.httrt Htil}e!"1 
sensitized paper or film to b,i used 

Detailed operations to be perfo1·med by the test operator including ~ffl= 
tional checks or preliminary calibration of test setup 

Exact method of measuring including necessary numipulntion of miffl~Yf;: 
ing including necessary manipulation of controls both on the tt•t U@ffl 
and on the measuring and test equipment 

Labor~tory conditions that must be maintained during test includi!'l-i 
ambient or environmental conditions, and precautions to be obBt1trvtd: t@ 

prevent damage to the item underi test o~ instruments involved. 

Test data sheets for recording patameters measured 

Criteria ~or passing or failing the test. Each parameter to b@ m•~Y!'i.?d 
shall be defined and acceptable tolerance conditions specifi()d on tht; t~t 
data sheets., 

i 

3. 7. 3 . Responsibilities 

Work elements to be performed by the GE-RSD Quality Control and T@3t Se,i:!tioft !\f'@ 

apportioned to the following responsible subsections: 

a. Research re-e:p!~Y vehicle engineering and evaluation · .. 

b. Product quality assurance 
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c. Quality systems engineering 

d. Component quality control and test 

e. Q1uality information equipment engineering 

f. Q·uality control and test field integrat~on support 

g. Syste1n quality control and test 

h. Materials quality control and test 

The responsibilities for subsection "component quality control and test" n 1·e further 
subdivided to c01nponent quality control engineering, component acceptance' and en­
vironmental testing, vendor surveillance, inspection, and in-process con1 t·ol. 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 testing program consists of an Integrated Test Plar1, a Systems Acceptance 
Test Plan, and a number of component tests. 

3. 8.1 Integrated Test Plan 

The Integrated Test Plan is described in GE Document No. 66SD9Gl. This plan is 
designed to de_monstrate the ability of the spacecraft to complete its mission 
suc,cessfully. 

The objective of the plan is the establishment of a formalized, technically balanced 
program to: 

a. . Establish the capability and compatibility of the spacecraft components, 
subsystems and system. 

b. Provide 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 envj,ronmental testing. 

d. Assure that all tests are planned, conducted, and reported in a s01.md 
technical manner consistent with NASA Langley Research Center and 
GE-RSD objectiv~~. concepts, policies and procedure. 

-~-
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The program provides structural, component, 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 laun<1h compatibility checkouts. 

3. 8.1. 1 Summary ~escription 

The Integrated Test Plan consists of four major categories: 

a. Development Tests 

b. Special Prptotype 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. 

!vlany of the componenta 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: 
I ! 

a. Structural Component and Element Tests 

b. Antenna Developn1ent and Subscale Antenna Patterns 

c. 1

1

Nose Development Tests 

d. 1

1

Thermal Sensor Development Tests 

e •... 1Electrical System Development Tests 

f. Engineering Development Model (E. D. M. ) Tests 

These tests are described in GE-RSD Document No. 668D961. 

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 sucqessful performance of the spacecraft system under all modes 
of operation. The prototype spacecraft undergoes essentially four types of testing: 
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ao i System Acceptance Tests 

b. Special Design Verification Tests 

~- System Qualification Tests 

d. Launch Vehicle Con1patibility Tests 

I . 
T~e first three tests are to be performed at a facility of the General Electric Be-
entry Systems Department and, after completion, the spacecraft is shipped to tlw 
launc;h-vehicle contractor for the fourth test. Figure 3-37 shows the prototype­
spacecraft te_st flow. 

I 
3o r• 1. 1. 3 Flight and Backup Spacecraft Tests - The flight and backup spacecraft 
unoergo system and subsystem acceptance testing including flight as~mrance 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 
co1npletion 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. 

I 

There ~re two types of Flight and Backup Spacecraft Tests: 

a. Acceptance Testing 

b. Flight Unit Launch Support Tests 

Figure 3-3~ shows the System Acceptance Test Flow, and Figure 3-40 shows the 
Flight Spacecraft Field Flow. 

3. :s. 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
attce, and then exposure to the specified environments. Levels of exposure are 
specified in the applicable component specification which is based on the Internal 
Environmental Specification S0020-02-0020. 

In some 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 Docun1ent 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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a. Technical description of the Spacecraft 

b. Test/Hardware Flow Diagrams describing the test sequence 

c. A detailed description of the Acceptance and Flight Assurance tests to be 
performed on the Spacecraft, its Subsystems, and associated AGE. 

d. A description of the Field Checkout and Pre-Launch tests to be accom­
plished at the Launch Site Facilit) 

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

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

3. 8. 2. 1 Test Objectives and Reference Documents 

a. Verify throughi systematic tests that the end item S/C meets specified 
performance. 

b. Demonstrate compatibility between spacecraft subsystems. 

c. Den1onstrate compatibility between spacecraft and associated AGE. 

d. Provid~ quantitative test data for th~ spacecraft logbook 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. 8. 2. 2 Test Sequence and Test/Hardware Flow Diagrams 

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 
tests. 

A 
1

t1Qw 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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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 S0040-0l-0035. 
All tests are conducte~ and performed in accordance with the applicable Standing 
Instructions (SI). These tests include: 

a. AGE Acceptance Tests 

b. Nose/Calorhneter Subassemblies Acceptance Tests 

c. Instrument Package Subsyste1n Acceptance Tests 

d. Motion Sensor Calibration 

e. Voltage Standing-\,Vave Ration (VHF and C-Band) Test 

f. Electrical Mate/Mission Profile Tests 

g. Antenna Patterns Test, Pre-flight and Post-flight Assurance 

h. Flight Assurance Vibration Shock Test 

i. Flight Assurance Thermal/ Altitude Test 

j. Surface Mapping (Banana) Test 

k. Mass Properties (Weight and Balance) 

3. 8. 2. 4 Field 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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a. No shipping damage has occurred. 

b. The Spacecraft is electrically and mechanically compatible with the booster. 

c. Final calibrations are performed as close to the flight date as possible and 
to verify the S/ C calibration book. 

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

e. The S/C AGE is compatible with the blockhouse facilities. 
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f. The flight batteries have been properly activated, tested, and installtJd. 

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 sho,vn in 
Figure 3-41 and Table 3-13. 

SITE MANAG£R 

L. Bonn 
' 

___ _j ______ , 
l 

.-1~-------;--·-7_~---•1 
' PRODUCT QUAL{TY I : SfSTElVIS TES:, 

ASSUHANCE I ENC-1..,EERING 
! 

' P. Versage 
.. ----------... 

J. Macek 
I 

I l 

;.;·. P1~ior i_, _________ ,_.•l 

Figure 3-41. He-entry F Field Organization 

318. 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 b~ 

I .. 
completed and the booster/ spacecraft EMI test must be performed before going to the pad .. 

3. 8. 2. 5 Test Documentation-'- 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 Custon1er and program interface, definition, and dirttt.•tion 
of all Field activities. 

, ' --=.-

Field Support All details of transport, quartering, and Stlpport ot' Fi~ld 
Site. Spares provisioning, facilities communkntiun, 
station reporting, etc. Checkout of Field Site tt1lcnwtn., Vil!\" 

-"'- - @,_, 

Product Quality Inspection, inspection planning, test monitodng, 

Assurance Maintenance of Re-entry Systems quality syatcm. 
T 

--- -- -""• ,. - -... ,,._.,.~,.... -~ . _, 

Systems Test All testing activities at Field Site, including provi~h1n Qf 

Enginee.ring .- r test SI' s and data, integration with Customer nnd en ... 
contractor technical personnel ns require(l, statl.Ul rt1:non:i~ 

I and acting as GE Test Conductor during ,1ountdown Jlnd taunt·h" 
"' , , 

3. 8. 2. 5.1 Standing Instructions - "fhos,e Si's covering SysteJl1ti tt*~tlng tH:'!' uf the 
243,800 series and are listed in Section 4. 2. 

3. 8. 2. 6 Facilities, Ground Support Equip1nent, and Fixture,s. 

,_, 

3. 8. 2. 6. 1 Facilities - Facilities include an Electrical Systems 1~e~t Labu:rutorl ~nd 
five 111echanical test facilities: a Rate Table Facility, a Vibration Te~t l.aborator\, 
a Temperature-Altitude Facility, a Mass Properties Test Facility, nnd ,~ l\fps~ 
Properties Measuring Facility. 

-

-

3. 8. 2. 6. 2 Ground Support Equipment~ Ground suppo;rt equ!pmont im!lUt~ii A~~~fii" 

Ground Equip1nent, test~support equipn1ent, and central ground ata.tion e-quipm"t, 
The central gronnd station equipn1ent includes five section$i RF, Ffvf, PflMt dj;:iplan_. 
and n1onitor. 
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3. 9 INTERFACES 

The following paragraphs provide summary descriptions of the interfaces between 
the spacecraft ~d the aerospace ground equipment, launch vehicle, and launcher, 
and includes .summaries of requirements and procedure'3 for spin balance and 
assembly. 

3. 9.1 Spacecraft to Aerospace Ground Equipment 

There are three n1ajor interface configurations between the spacecraft and the 
Aerospace Ground Equipn1ent (AGE): one with the n1echanical AGE and two with 
the electrical AGE. The electrical AGE interfaces are for subsysten1 and system­
level testing at the launch site. 

The AGE is define~; and described in subsection 3.10 of this manual. Use of the 
mechanical AGE is described in GE/RSD Document No. 67SD649A (Revised 

•• 8 August 1967), Turbulent Heating Experiment Program/Me~hanic2l Aerospace 
Ground Egu1£m.ent/Operating Instruction Manual. A technical description of the 
electrical AGE is provided in GE/RSD Document No. 67SD650, Technical Description/ 
Re-entry F AGE. 

l 
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 Turbulent 
Heating Experiment. Test procedures are covered in Standing Instructions (S. I.) 
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 veh\9le (booster) is designed to 
meet the requirements of the ScoutUs~r•~ Manual and

1
the Payload Descrfption 

Document. 

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

T0he mechanical interface 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 

1

a large-diameter spin bearing attached to the forward end of transition section Jt~''·· 
I 

The spin bearing is part of the fourth-stage spinup system, • and includes a spring 
arrangement as part of th~ ejection separation system. 
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The fourth-star~e spinup system includes two spinup motors which provide clockwise 
spin stabilizat:fon to the spacecraft just after third stage burnout during boosted re­
entry befo:re separation. 

3. 9. 3 Spacecraft to Launcher 

The spacecraft is connected to the Mark II Scout launcher, a utility building, an:! 
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). 

'i 

Additional information may be found in the Payload Description 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. Additional information is included in the Payload . 
Description 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 (Figure 3-44) is located in Test Building 
No. 2. 

The Dynamic Balancing Facility is described in the Scout User's Manual. l\rlechani.cal 
I , , 

AGE are used 1n support of spin balance, as described in GE/RSD Document No. 
·• 67SD649A (Revised 8 August 1967), Turbulent Heating Experiment Program/Mechanical 
Aerospace Ground Eq~ipment/Operating Instruction Manual. 

3. 9. 5 Assembly 

The spacecraft is assembled in a Payload Work Facility and mated to the Scout launch 
~ehicle in Assembly Building No. 3. General .information is included in the 
Scout User's Manual. Specific information may be found in the Payload Description 
Document and Wallops Station Handbook. 

3. 9. 6 Sequence of Wallops fJperations 

The operational activities that take. place during the checkout and launch phase of 
Re-entry F are shown in section a. 11. 
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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 th·-· ime of launch. 

3.10.1 Mechanical AGE 
I; 

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 

(g) Rotational Sling 

(h) Positioning Sling 

I --

3. [LO. 1. 1 Shipping Container - The shipping container (Figure 3-47) is used as a 
ha.helling 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 Up 
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 equipmtmt package sling for removal of the equipment package 
assen1bly from the spacecraft and for reinstallation of the assembly intothe spacecraft, 
and is used with the positioning sling for mating and demating of the spacecraft and 
the launch vehicle. 

112 

] 

] 

] 

] 

Il 
D 
B 
I 
D 
0 
11 



;.~ r.~ 
··-. ~ 

W t Si tilff t t ttdl'atttt:t• 

~- r,;.7•~ 
. i 

75.9 79.9 - 11LL9 118.9 

PGSITIO~!ING SLING 

39.5 50.5 95.5 • 101 .5 140.5 1 lJL!, 153 157 
SHIPP-ING CONTAINER 

10.5-- 33 
NOSE PROTECTO~ 

Figure :J-45. Mechanical AGE Interface with Spacecraft 

7 -------n 
. • I . 

0 
l 
~ 
iii 

l 
r 

184.5 54_ 

--1s 



I 

•. ,1c~=---1 
-- ii! ttn,w,nnn•I" i 

TRANSPORT TO L/V 

M 

l~!ST ALL-WHEEl:S--- REMOVE COVER &-- REMOVE PACKA E 

0 . J 

llfilJ-A IE TO 
\fERTICitL 

INSTr\lt POSITIONING SLING & MAT~ro-L/V 

, ·. ~~-=- See subsequent figures for AGE idehtification 

- Fi!g11re 3-4'6. Us-e of Mechanical AGE 

, 



_/ 
.,J 

, 

: 

--
l /-1/ _,,.-

.-
. 

I . ,,/ 

-..-
_,:, 

R ~' .,,, 
,/ _,,-_,,' / 

,,,.,,, '; (' 

n 
l , 

l ,, ,,. 

. ,. 

.,,, .,, 

..... ' 

. ., , ,,.. 
. /I I 

. I I / ,,. ! : 
' , ,, 

I ,, -

Figure 3-47 

. . 

hi 

I• ,.. ' . ., 

' 

.- - - -. 
'' -·- - -. 

' ! I,. 

·ng Contain 

...... ,, 
/ 

' 

' 

I \ 

-~ , 
\ 

/-/ .. -,, ; 

- ✓--,, , , 
, I 

/ ,,.✓--
/ .,, ✓-

/- _/ , , .,,,,. 
---- / 

_,,;;,.,,,,:~----,. , ,, 
~ ,,.,-/1 1 T E 8 C K 
,/ I 
./· 

-s C s 
,... ) -. . 



• ' 

116 

BEAM­

LOCKING KN9.!_....-, 

/ 

/_ NOSE PROTECTOR 

HYDRASET W REMOTE REEL 

REMOTE i 
CABLE \ 
REEL 0 

Figure 3-48. Positioning Sling, Nose Protector and Hydroset 

J 
] 

' ) 

] 

] 

J 
1' ..... 

l 
]. 

l ..... 

] 

] 

J 
i 

ii ; 
• 
' 

vi 

ll 
I' 
(I 

0 



l 

r 
r 

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. 

~l.10. l. 4 Equipment Package Sling - The equipment puckage sling (Figure 3-.:19) is 
used for installation and removal of tho instrurnont package (equipment package 
assembly) during assembly, test, and checkout. 

:3.10.1. 5 Assen1bly Tool - Th1..'; assembly tool (Figure 3..., 1!9) is used during removal 
and installation of the equipment package assembly from/into the spacecraft. It is 
used to secure 311d disconnect fasteners in the equipment package sling, and to 
disconnect and secure fasteners that attach the equipment package assomhly to the 
spacecraft. 

3.10.1. 6 Equipn1ent Package Stand - The equipment µackage stand (Figure 3-50) 
is used for support, handling, and transport of the instrumentation package (equipnw11t 
package asse111bly) during assembly, test, and checkout. 

3.10.1. 7 ~otational Sling - The rotational sling (Figure :l-51) is usr•d t:o position the 
spacecraft vertically during in-house tests and field-site dynamic balancing~ 

3~ 10.1. 8 Positioning SliI1g - The positioning sling (Figure 3-48) is used for lifting 
and handling of the spacecraft during assen1bly, test, and checkout, and for 1nechanical 
mating of the spacecraft to the launch vehicle. 

3.10. 2 Electrical AGE 

The electrical AGE (Figure 3-52) is used for control, monitorin~, and simulation~ 
A technical descr-iption is provided in GE/RSD Document Number ~78D650. 
Technical Descriptions Re-entry AGE. An engineering test plan is provided in 
GE/RSD Document Number 67SD706, Engineering Test Plan forthc He-entry F 
Electrical Aerospace Ground Equipm~nt. The electrical AGE consists of a Space­
craft Test Set, a Spacecraft Simulator, aud a Low-Level Sensor Simulator. 

7 

3e 10. 2.1 Functional Configurations - The two major functional configurations are 
for the launch site, and for subsystem-level testing. In each of those major configurntions. 
there arc two sub configurations: one in which the Spacecraft Test Set is com1octod 
to the spa{!ecraft, the other in which the Spacecraft Test Set is connected to the 
Spacecraft Simulatore 

3.10; 2 •. 1.1 Launch Sit,9 - The ,launch-site configuration is shown in the Launch 
Site Block Diagram (Figure 3-53) and the Launch-Site Interface Drawing. In this 
config1.1ration, the Spacecraft Test Set is located in the blockhouse and the. Space­
craft Simulator is located fn the launcher area. The Spacecraft Test Set interfaces 
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with th LTV U6 console in tho blockhouse. Land lines ar provided l,v LTV to 
transmit both power and signals to the launcher junction box. GE provides the 
umbilical coble from the junction box to the spn.c c·rnl't. Lo.Lmch-sit functions lnclticll' 
control and monitoring of power and the provision ol s pac crafi simulnlion. 

~3. 10. 2.1.1.1 Spacecraft Simulation - Th Space -rnrt Simulator j s used lo test 
tho land line sy t m bot, ccn the pncecraft Tcsl l (in th hl nt'khous ) and I.he 

p:.i ccraft umbilical connector al the launch s ite. 

:l~ IO. 2.1. 2 Subsyst m- Lcvcl Testing - The cub~vHl<•m-lcvcl t ,sting confi~1.Jrati on 
is s hown in the Subsystcm-L vol Testing Block Diagram (Figure 3-G4). Jn thi s 
configuration, both the Spacecraft Test Sot and the Low-Level Sensor Si mulalor 
m < used. The instrument package ts removed [rom the spacecr aft and pl ncC'cl on 
lls stand. The el ctronic components can now he rnatcd olectricall to hot h lJw 
Spacecraft and the electric al AGE through adapter cables . This confi~uration J)l'rm it~ 
electrical test nnrl hcckout of tho Telemetry Suln~yslem by inserting s l mul nkrl hip.h 
and low level s ignals from the Spacecraft T sl S t nncl the low level simul alor . 

a. 10. 2. 2 Equipment - The equipment includes the Spacecraft 'fest Set, the pacC'­
craft Simulator, o.nd the Low-L vol Sensor Simulator. 

3.10. 2. 2. 1 Spacecraft Test Set. - The Spacecraft Test Set performs th func tions 
mentioned in paragraph 3. 10. 2. 1. 1 except spacecraft simu I ation and low-level 
sensor simul ation. It is located in tht., blockhouse and consists of n singl I n~• 
cabinet with nine chassis, four control-and-indicator panels ( 1 through A l) , four 
power supplies (A5 through A8), and ono blank panel (A9). Th physi ·nl arrnngcm ,nt 
of the nine chassis in the cabinet is shown in Figure 3- 52. 

3. 10. 2. 2. 2 Spacecraft Simulator - The Spacecraft Simulator (Figure :l-55) is hous c.•cl 
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 Lo 50 
millivolts ) to low-level commutators, which are located on the instrum ntation s helf 
and harnessed to the spacecraft. Th Low-Le el Sensor Simulator is hou •d in a 
table-model console located in tho blockhouse. 

3.11 Flight Op rations 

Tho flight operation actlvitles are described ln. detail in the Re- entry F 
Payload Description document. The following briefly sU111marizcs range 
support and Wallops operations . 
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:J. 11. 1 Rang Support 

Range upport wil1 includ 

(1) T 1 •metry data n qulsition ai Wallops, at B rmuda, aboard the• ship 
" Rang R cov r r", and aboard two do\m-rnng • NASA aircraft. 

(2) Radar data tracking acquisition data at Wa11opA and at lkrmucla. 

(3) Optical data acquislllon ( pac craft re- ntry) aboard the two do" 11 - range 
A A aircraft. 

(.J ) Met orological Data acquisition at Wallops and at Bermuda. Both halloonR 
and r nckc>ts will be utilir. d for this purpose. 

(5 ) Ad quatc communications bet ween all cl m nts of the rang . 

(6) Timing for telemetry will be 100 PPS and 2 PP binacy-codccl-< 1 cima1 
tim -of-day signals or in 100 PPS and 1 PP 17 digit AFETH. tim ~ c·ocl0s. 

:3. 1 J . 2 \J allops p rations 

Following i s a summary d scription. of th organization and facili ties of the NA A 
\ allops Stat ion, and of the sequence of activities in support of the Re- ntry F Program. 

3. 11. 2. 1 rganizatlon and Facilities - The organization of the NASA Wallops Stations 
is described in th Nall ops Station Handbook, a ASA Docum nt. The Wallops 
organization for support of the Re- entry F Program is responsible to th N A 
Langle R sear ch enter. Launch operations at NASA/ Wallops ar contracl ct to 
LTV under ASA direction. 

The \Vallops tation cons ists of the main base on the mainland and the \\ allops Island 
faciltti s connected by a caus way. Tho station headquarters is on ih,? main bas , 
and ih launch site is on the island. Re-entry F will use Launch Arca No. 3. Tlw 
assembly builcllng for Re-entry F is shown in Figure 3-57. 

Th Dynamic Balancing facility and its floor plans of the facility are s hown in 
Figure 3- 12. Dynamic balancing equipment includes the Gisholt Dynami • Ba lru1ccr 
(Figure :3- 13) in Test Building No. 1, and the Runout hock Machjne and T 1·c•h 1 
Balancer ( • igu-r 3-1 ) in Test Building o. 2. 

Th lnunchor is the Mark JI cout Launcher. B lockhou. e-to-payload cabling is sh<>wn 
in .Figur 3-5 . 
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3. 11. 2. 2 Ac tivities Scqu nee - Th activiti sequcnc for th Re- entr y F 
spacecraft at ASA/Wallops is dcscri.bed in the Pa. load Description Document 
and in GE/ RSD Document o. 678D781, Systeins A ·ccptance Test Plan for R -entry 
F Turbulent Heating E periment . The activities sequence for the Scout launch 
vehicle and th ini;egration of the spac craft (pa load) with th ,cout i described in 
the Scout scr' s Manual. 

Th0 spac:ccraft activities s1?qucnc at 
:l-59. 

A/ allops is summarized in Figur 

Th sequence has three portions: ch ckout to Countdown, ountdown to lifto Cf, 
and liftoff. 

:l .11. 2. 2. 1 ,hcckout to ountdown - Th s quency dur ing ch ckout to countdown 
b g ins wilh th d liv r>' of th s pacecraft to NAS / Wallops and its cl oa r anc 
through r e cL ·in~ insp ct.ion. pac craft activiti s ar as fo1lows: 

n) pa ccr afl on fidcnce T s t (SI 2~13 9) 

b) pin Bruanc0 \ns plnnn cl) 

c•) P n(l Validation ( T 2-l:3 0) 

d) Disas., mbly ~1nd inspe t ion (as planned) 

f) Instrumenta tion T sts ( I 243 2) 

g) Flight Battery Installation (SI 243 92) 

h l\I chanical lat (as pl anned) 

i) pacecr aft onfidcnce Test ( I 243 9) 

j ) pac craft- Boost r· Mato (as plannc rl) 

k) pncecr aft-Doost r RFI est (SI 213 9 ) 

1) Final inspection and dress rehear s al ( I 24:3 99) 

pacccraft countdown pr pa r n.t ion begin at T -5•10 minutes (~ hours before 
schedul cl l aunch). Th tonding Ins truction for Final In pcct ion and Dr . R -
h ar al is th sru11 as for ountdo,,11. 
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:3. 11. 2. 2. 2 ountdown - Th ounidown proceuur is cl scribed in I 24:l 9 
and sum1nari zed in Tnble 3-14. oundown begins at. T-5 10 minut s for lh • 
spaccC'raft and T-330 minui s for ihc cout. 

Th spac craft icl ·om mun lea.lions ( IIF i l emelry) and tracking ( - Band beacon) 
suhsy terns " ill b turned on during Scout l ctronic~ chPckoui (b ginning al 
T-:lOO minutes), lo v riry critical launch paramct r s ancl Jffo\·id<• assuranc of 
th<' ahscncC' ol 1._1dio-frequcnc~ int rfrrcncc (HF}) . 

B ginning wiih t rminru countdown (T-30 minutes), i h telecommunications and 
tracking sulJi:;yst ms will u m onitor d by \Vallops instrumenlalion. This 
instn,m nl ,,tion i1,clud s magnetic lap record r s and fiv 8- chrum 1 strip chart 
rc-corclcrs, for m01 iloring th VHF t lcmetr and an FP -lG tracking radar for 
int<•rrogaling and tracking the C'-band beacon of the spacecr aft. A description of 
Lhc Wallops instrumentation is provid d in lh Payload Description Docum nt. 

:}. 11. 2. 2. :1 Liftoff - At 1i ftoff (T-0 minutes), the umhil ic::tl is pulled away as ihc 
spacecr aft is laundwcl. VIIF lelcm try monitoring and -band ini rrognlfon 
and tracking at NA \;\Vallops continue as b gun al T-:30 minutes du ring Countdo,,11 
(pnrngraph :;. 11. 2. 2) until loss of signal (approximately T '-7 minutes). 

:l. 11. 2. ~l L aunch R straints 

\\'cathcr. . . . . . . . . . . . . . . . . . . . .. . ... . ... .. same as for coui v hicl 

:1 .11. 2. 4 Technical Difficulli s 

Mandatory holds if th following are not sallsfacton: 

omn1unicaiions (between \ allops I sland and clownrangc) 

pacecraft tel n1ctry (all channels) 

Ground telemetry (all stations) 

Radar I aeon ( -Band transponder) 

Radar (B rmuda FPQ-G) 
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Countdown Time 
(m.inutes) 

T-!3 to (9. 0 hours ) 

T -:iOO 

T-:rno 

T-3 lO 

T-330 

T-300 (5 . O hour s ) 

T-180 (3. O hours) 

T-90 

T-:rn 

T-0 

TABLE 3-14. COU JTDOv 

Task Title 

Spacecr aft ountdown Pr 'Paration 

Spnc craft Power ontrol hecks 

Spacecr aft mbicnt '_ 1 mctry V rificntinn 

Spacecraft -Band B aeon Checkout 

Secure Spacecraft Operations 

Scout Countdo\vn Preparrilion and 
Init iation 

a) Scout Electronics h0ckout 

b) Spacecraft Tel motr ~/ and b aeon 
will be turned on during the P<'riod 
to verify launch critical parameters 
and to provide RFI assurance 

Hydrogen Pe roxid and -itrogcn Fueling 

Closeout and Erection 

Terminal Countdown 

The Spacecraft portion of the T0rminal 
Countdown will includ the follo\Ving: 

1) Verification of latmch critical 
parameters 

2) Assurance of GO b aeon nd l 1 mrtr. 
from range support 

3) Transf r of spacecraft to int rnal power 
(app.toximately T-5 minutes) 

4) pon verification of no changes in 
launch critical parameters after the 
switch to internal power, the pace­
cr aft T st onductor will s ignif r 0 
to the LT Launch Test Conductor . 

• mbilical disconnect ; liftoff 

Tim 
(minut s) 

~o 

!W 

120 

10 

:rn 

1 20 

no 

no 

:rn 



4. 0 Documentation and Data 

This clion includes a listing of the contract documentation as well as other pertinent 
data for the Re-entry F TL! bul Pnt Heating Experim ent. 

4. 1 ontract Documentation 

The contract documentation is provided in Table II of N S Document o. L-G345- , 
E ·hibit A (28 pril 1966), tatement of Work/ Re-entry F Turbulent Heating E ·periment, 
an atta hment to the contract ( 1-6039). 

Th sch dule is organized in three parts: Part A, as specified in U1e statement of work 

, 

( -6345- Exhibit A); Part B, as specified in Document o. NPC 250-1; and Part C, as 
specified in Document No. NP 200-2. Each part is organized in sequence of paragraph 
rcfercm to the corresponding basic document (work statement , PC 250-1, or PC 200-2, 
and includes the following information: paragraph reference, document t itle, date of submittal 
to N . contractor updating requirements, quantity of copies r equired by • A, and A A 
action. 

4. 2 Documentation and Inde 

The Documentation referenced b low is indexed according to the CDRL Sequence Number 
and the do uments present! issued and supporting further detail for the familiarization 
1nanual arc listed below. 

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