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COST ESTIMATE OF AN EXPERIMENTAL 
SATELLITE PROGRAM 

SUMMARY 

• 

This report outlines in maximum detail consistent with available information, 
the method and results of a study involving the cost of an experimental satellite 
pro{;ram. 

1he final study configuration as developed in references 1 and 2, is a three
stage, hydrazine-oxygen rocket which will place a 500 pound payload on an orbit 350 
miles above the earth's surface. The cost of such a rocket, including development, 
construction, and preliminary flight tests is $82,000,000. The contractor's fee and 
the cost of overseas expeditions are not included in the above figure. 

The estimated costs of the two and the three-stage satellite rocket programs, 
plotted against various gross weights, are shown in Fig. 1. 

A curve, Fig. 2, determined by methods similar to those used in reference 2, is 
also presented of gross weight versus payload with other features remaining constant. 
The combined use of Figs. 1 and 2 permits the estimation of costs for payloads other 
than 500 pounds. ror example, the three-stage, hydrazine-oxygen arrangement with 
1000 pounds of payload would weigh about 127,500 pounds, Fig. 2, and therefore cost 
approximately SI17,000,000, Fig. 1. 

IN1ROOUCTION 

In view of the complexity of this project and the increase of its magnitude with 
the transition to larger launching stages, it will be better to progress during the 
test program from the smaller to the larger stages in sequence in order to reap full 
benefit of the experience, rather than to attempt all stages at once. This testing 
program will dictate that more smaller stage units will be built than the larger 'ones; 
and the stages will be tested individually and in combination. Flight testing of any 
torso part of the three-stage aggregate will require provision for fairing or dummy 
heads, otherwise the high air resistance in the lower atmosphere is likely to ser
iously impair the behavior of the v~hicle. 

The number of flight tests for the various rocket combinations In the three-stage 
vehicle prOgram is as follows: 

Cord:>i na ti ons II~ I~+IIId ni+II~ I,t+ IId+ IlId I.J+ Il.l+ IlId l..t+ I IJ+ nI.l 

No. of Flight Tests 12 6 4 4 4 " 
For references see page 10, 5 
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where: IS live units of first stage 
is live units of second stage 
is live units of third stage 
is d~my units of first stage 
is dummy units of second stage 
is dummy units of third stage 
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The above quantities plus three static test units for the three-stage vehicle 
program are summarized as follows: 

No. of Live Uni ta (/,) No. of Dummx Cnits (d) 

Stage III 12 + 4. + 4 " 20 8 .. 4 + 4. + P '" 17 

Stage II 8 + 4. + " + " .. 20 4. + I" " 5 

Stage I " + .. + 4. = 12 I" 

"For static tests, one unit of III d' II d' and Id will be constructed. 

In the two-stage vehicle program, the number of flight tests for the various 
rocket combinations is as follows: 

Combinations IIJ IJ + lId I 1.1 + II,t 

No. of Flight Tests 12 8 I " 
The above quantItIes plus two static test units for the two-stage vehicle pro

gram, are summarized as follows: 

No. of Live Units (JJ No. of Dumml:: Uni ts (d) 

Stage II 16 8 + 1-· " 9 

Stage I 12 1·· 

··For static test, one unit of II d and I II will be constructed. 

CALCULATIONS AND RESULTS 

The typical rocket vehicles chosen to determine points 'A' and 'B' on the cost 
curves, use hydrazine-fluorine fuel to carry 500 pounds of payload to an orbit alti
tude of 300 miles with a motor chanIDer pressure ot 300 psi. The three-stage vehicle, 
point 'A', has an estimated gross weight of 48.742 lbs (Table I). and its program is 
estimated to cost $48.246.772 less the contractor's fixed fee (Table IV). The two
stage vehicle, point 'B', has an estimated gross weight of 92,271 lbs (Table II), and 
its program is estimated to cost $56,177,435 less fixed fee (Table IV). 
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As described in the 'Discussion', the three-stage vehicle using hydrazine-oxygen 

instead of hydrazine-fluorine, and increasing its orbit altitude from 300 miles to 
350 miles, has an estimated gross weight of 96,000 Ibs, and an estimated program cost 
less fixed fee of $90,000,000. The two-stage vehicle when subjected to the same 
changes is estimated to weigh 228,000 Ibs and will cost about $130,000,000, less 
fixed fee. In order to reduce these weights and costs, the motor chamber pressure 
was varied from 300 psi for all stages to the best pressure for each stage. The 
estimated gross weight of the three-stage vehicle reduced to 86,400 Ibs, and the 
estimated cost of its program became $82,000,000, less fixed fee. The estimated 
gross weight of the two-stage vehicle reduced to 205,000 Ibs, and the estimated cost 
of its program reduced to $116,000,000 less fixed fee. 

From past experience the cost of aircraft design, development, and construction 
has been found to be directly related to the weight of the product. This relationship 
was utilized in plotting the cost curves shown in fig. 1. The cost trend slope versus 
gross weight was determined from graphs which contained the actual cost of development 
and construction of many varieties of experimental aircraft plotted against their 
gross weights. These lines of known slope were located on the graph by passing them 
through points determined by cost estimates of two typical cases. The basis for 
these typical cost estimates are the weights listed in Tables I and II. These weights 
were estimated for a two-stage vehicle and a three-stage vehicle by means of methods 
developed in Appendix I of Report No. RA-15026, entitled, 'Structural and Weight 
Studies of a Satellite Rocket', and are representative of typical satellite rockets 
employing the given configuration. 

The cost weights from these tables are used in Table III to determine the weights 
which when multiplied by the pertinent factor of manufacturing labor gives the manu
facturing labor man-hours (direct) required for each type vehicle. The number of 
manufacturing labor hours form the principal basis of the cost tabulation as shown in 
Table IV. The factors for obtaining manufacturing labor hours vary in value because 
the quantity of units to be produced varies in each case. When large production 
quantities are involved, cost has been found to decrease noticeably per pound as the 
production of units increase. In experimental work, however, the quantity required 
1S small and the changes numerous so that the cost decrease per pound is slight. 

The results of Tables I, II, and IV give the quantlt1es required to plot the two 
points 'A' and 'B' which locate the lines of known slope in Fig. 1. 

DISCUSSION 

In order to show the estimated cost trend compared to gross weights of the sat
ellite rocket programs, two points were plotted on log graph, Fig. 1. To determine 
point 'A' for the three-stage vehicle program, the estimated gross weight of 48,742 
lbs (abscissa) was obtained from Table I, and the estimated cost of $48,246,772 (or
dinate) from Table IV. The two-stage vehicle program estimated to weigh 92,271 lLs 
in Table II and cost $56,177,435 in Table IV, located point 'B'. Through these points 
were drawn parallel straight lines with a slope of slightly less than 45 degrees or 
abscissa/ordinate is proportional to 1/0.925. Since this slope was found consistent 
for the costs versus gross weights of many experimental models developed and con-

7 
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structed in the past for gross weights under 150,000 lbs, it was felt that a straight 
line extrapolated to 250,000 lbs was reasonable. The slope of the line shows that as 
the gross weight increases, the cost per pound decreases slightly. 

As mentioned previously in the 'Introduction', the weights listed in Tables I and 
II were estimated by methods developed in reference 2. The costs mentioned above, 
however, largely depend upon these weights for their derivation. For example, the 
cost weights listed in Table III are taken from Tables I and II. The total cost 
weight of 128,893 lbs, when multiplied by the factor of 18.65 equals 2,403,900 direct 
manufacturing man-hours of labor for the three-stage vehicle program. Likewise, the 
direct manufacturing man-hours of labor for the two-stage vehicle program are obtained 
by multiplying the factor 19.65 by the pertinent total cost weight in Table III as 
follows: 19.65 x 166,615 = 3,273,500 hours. These values for direct labor of manu
facturing beccme the main basis in estimating the costs listed in Table IV. As noted, 
the labor factor of 18.65 for the three-stage vehicle program is less than 19.65 for 
the two-stase vehicle program. This difference is caused by the greater quantity of 
uAits required in the three-stage vehicle program. Cost versus quantity curves re
sulting from past experience involving experimental projects, were used as the basis 
In selecting these factors. 

Direct tooling labor was found by past practice to be approximately 20% of direct 
manufacturing labor. 

The estimated direct engineering time should not be greater than the most complex 
of experimental airplanes developed by this company. On the basis of past experience, 
therefore, the direct engineering time should equal about 1,000,000 hours. 

Labor and burden rates used in Table IV were those currently approved by Manage
ment for use in normal bidding on projected future work. These rates can be expected 
to vary depending on the calendar period during which the work will be accomplished. 

The 'Direct Charges' including such items as travel expenses, insurance, etc., 
are estimated in normal proportion to direct manufacturing labor. 

Past experience has shown that in producing experimental aircraft, the 'Material 
Cost' is about 50% of the direct manufacturing labor cost. 

The cost of the motors was estimated on a basis of dollars per thrust horse
power derived from quotations received from manufacturers of rocket motors. 

The 'Instrumentation' which includes payload, automatic pilot, ground radio, and 
observing equipment is the most indeterminate item included in the cost proposal. 
Considerable design, research, development and testing will be necessary before these 
items will be acceptable. As some background for an estimating assumption, it has 
been observed that the Bell Laboratories have spent about $750,000 on the instru
mentation for a rocket project during 1946, while Douglas Aircraft Company has spent 
$600,000 developing and constructing the remainder of the project, less the motors, 
during the same period. With this ratio in mind and because of the present vague 
knowledge concerning the payload, automatic pilot, ground radio and observing equip
ment, the 'Instrumentation' cost for either program has been assumed to equal approx
imately the total cost of the three-stage vehicle program less motors and flight tests. 

8 
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The flight test costs are based on our past expenditures at White Sands, New 
Mexico while testing rockets there. 

From FIg. 2 in Report RA-IS026, 'Structural and Weight Studies of a Satellite 
Rocket', the estimated gross weight for a three-stage vehicle program using hydrazine
oxygen instead of hydrazine-fluorine, and increasing its orbit altitude from 300 miles 
to 350 mdes, is 96,000 lbs. The revised weight of the two-stage vehicle program 
when subjected to the same changes, is 228,000 lbs. 

If the 300 psi motor chamber pressure in all rocket stages IS varied so that the 
best pressure is utilized for each st~ge, the weight of the three-stage vehicle used 
for the design study given in reference 2, is 86,400 lbs. 

In order to estimate the change in weight of the 228,000 lb two-stage vehicle 
when the motor chamber pressure is varied from 300 psi to the best pressure for each 
stage, its gross weight is assumed to reduce in proportion to the weight reduction of 
the three-stage vehicle program when subjected to these motor pressure changes. Then 

the gross weight of the two-stage vehicle becomes 228,000 x 86,400 or 205 000 lbs. 
96,000 ' 

CONCLUSION 

The final study configuration is a three-stage, hydrazine-oxygen rocket which 
will place a 500 pound payload on an orbit 350 miles above the earth's surface. The 
cost of such a rocket, including development, construction, and preliminary flight 
tests is $82,000,000. 

The two trend curves of Fig. 1 show the estimated program costs of either the 
two or three-stage vehicle for various gross weights provided the quantities of units 
required for each type of program remains respectively the same as used in plotting 
points 'A' and 'B'. The quantities of live and dummy vehicles to be constructed are: 

Three-Stage Vehicle Two-Stage Vehicle 

No. of No. of No. of No. of 
Live Units Dumny Units Live Units nunny Units 

Stage I 12 1 12 1 

Stage II 20 5 16 9 

Stage III 20 17 - -

Likewise. the configuration proportions of the vehicle to be estimated must be ap
proximately the same as the typical case used to locate the pertinent curve. This 
rule especially applies to the proportion of fuel weight to initial gross weight. 

In addition, this preliminary cost estimate has been based on assumptions and 
conditions which are as follows: 

9 
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1. The series of flight tests will be conducted at White Sands, New Mexico, or 
some equivalent location in this country with the exception of the final 'equa~ 
torial' stage. 

2. No additional flight test facilities to those now available will be required 
for the tests in this country. 

3. No costs have been included for the final' all-live' flights at the equator, 
or for any transportation or expedition cost involved therein. 

4. No contractor's fixed fee has heen included in the estimated costs. 

Because this preliminary estimate is based on extremely limited data, it shall 
be considered as a study for information only. 

References 
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Table No. I 

WEIGlIT ESTIMATE OF TYPICAL TIlREE-STAGE VEHICLE 

Fuel . . . . . Hydrazine-Fluorine 
Orbit Altitude 300 miles 

Payload . . . . . . 500 pounds 
Motor Gamber Pres. 300 psi 

Stage III Stage II Stage I Total 

LIVE WEIGI:IT 

Tanks & Structure 282 384 1,540 2,206 
Motor and Fuel System 182 516 2,205 2,903 
Control Devices 44 201 2,205 2,450 
Miscellaneous Weight 42 239 732 1,013 

Total Cost Weight SSO 1,340 6,682 8,572 

Fuel 2,020 7,350 30,100 39,470 
Payload and Auto Pilot 700 - - - - 700 

Total Gross Weight 3,270 8,690 36,782 48,742 

DUMMY WEIGI:IT 

Tanks & Structure 262 384 1,540 
Miscellaneous Weight ~ 239 ---I..ll 

Total Dummy Weight 324 623 2,272 Ibs 

Ibs 

Ibs 

13 
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Table No. II 

WEIGHT ESTIMATE OF TYPICAL TWO-STAGE VEHICLE 

Fuel . • . . . Hydrazine-Fluorine 
OTbit Altitude 300 miles 

Payload . . . . . . 500 pounds 
Motor Chamber Pres. 300 psi 

Stage II Stage I Total 

LIVE WEIGHT 

Tanks & Structure 396 3,912 4,308 
Motor & Fuel System 183 1,947 2,130 
Control Devices llO 4,800 4,910 
Miscellaneous Weight ~ 1,443 1,501 

Total Cost Weight 747 12,102 12,849 

Fuel 5,771 72,951 78.722 
Payload & Auto Pilot 700 .. --.ill --

Total Gross Weight 7,218 85,053 92,271 Ibs 

DUMMY WEIGHT 

Tanks & Structure 396 3,912 
Miscellaneous Weight 58 1,443 

Total Dummy Weight 454 5,355 lb. 
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Table No. III 

ESTIMATED COST WEIGHTS Foo DETERMINING 
HOtRS OF DIRECT MAAlfFACT1.jIUNG I..AB<ll 

TYPICAL 1HHEE-STAGE VEHlCLE PHOCiRAM 

Qlantity Cost Wt ea. Total Cost Weight 

20 Ii yt~ units 550 1b 11,000 Ib 
20 Ii ve unite 1,340 26,800 
12 live units 6,682 80,200 
13 dummy units 324 4,210 

combined 4 dUlDlllY uni ta 947 3,788 
1 dUIll:ny unit 623 623 
1 dUl1IlIII unit 2,272 21272 

Total 70 units 128,893 Ibs 

nPlCAL no- STAGE VEHICLE PROGRAM 

Quantity Cost Wt ea. Total Cost Weight 

16 live units 747 lb 11,950 Ib 
12 live units 12,102 145,220 
9 dummy units 454 4,090 
1 dummy unit 5,355 5,355 

Total 38 units 166,615 Ibs 

4 
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Table No. IV 

COST ESTIMATES OF TWO SATELLITE ROCKETS 

Typical Three·Stage Typical Two-Stage 
Unit Rate Vehicle Program Vehicle Program 

~rect Labor (hours) 
Engine eri ng 1,000,000 hr. 1,000,000 hr. 
Tooling 20% mfg. 480,800 654,700 
Manufacturing 2,403,900 3,273,500 

~rect Labor Cost 
Engineering $2.57/hr $2,570,000 $2,570,000 
Tool ing 2.01/hr 966,408 1,315,947 
Manu hc turing L86/hr 41 471 t 254 61 088! 710 

TOTAl. LABOR COST $8,007,662 $9,974,657 

Burden Cost 
Engineering 115% direct $2,955,500 $2,955,500 
Tooling 115% direct 1,111,369 1,513,339 
Manufacturing 130% direct 5.812 1 630 7.915 323 

TOTAl. BURDEN COST $9,879,499 $12,384,162 

Administrative Burden 13% total direct $1,040,996 $1,296,705 
Material 50% direct mfg. labor 2,235,627 3,044,355 
~rect Charges 223,563 304,436 
Motors 5,352,000 7,676,760 

·Instrumentation 21,000,000 21,000,000 
Flight Tests (Incl. FueD 507 1 425 496.360 

TOTAl. COST less fixed fee $48,246,772 $56,177,435 

·Note: Instrumentation includes payload, auto pilot, ground radio, and 
observing equipment. 
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INITIAL EXTERNAL DISTRIBUTION LISTS 

Initial distribution of all related technical reports on the satel
lite vehicle are given below. The code is explained on pages 18 through 
21. 

Report 
No. 

RA-lS021 

RA-IS022 

RA-lS023 

Title 

Flight Mechanics of a Satellite Rocket 

Aerodynamics, Gas Dynamics and Heat 
Transfer Problems of a Satellite 
Rocke t 

Analysis of Temperature. Pressure and 
Density of the Atmosphere Extend
ing to Extreme Altitudes 

RA-lS024 Theoretical Characteristics of Several 
Liquid Propellant Systems 

RA-lS02S Stability and Control of a Satellite 
Rocket 

RA-lS026 Structural and Weight Studies of a 
Satellite Rocket 

RA-lS027 Satellite Rocket Power Plant 

RA-lS028 Communication and Observation Problems 
of a Sate lli te 

RA-15029 Study of Launching Sites for a 
Satellite Projectile 

RA-IS030 Cost Estimate of an Experimental 
Satellite Program 

RA-lS031 Proposed Type Specification for an 
Experimental Satellite 

RA-IS032 Reference Papers Relating to a 
Satellite Study 

Distribution 

AU). C, DO) 

AO). c. DO) 

AO). c. DO) 

AU) • c. D(3) 

AO) • c. DU) • 

AU) • C. DO) 

AU) , C, D(3) 

AU) • C, D(2) 

AU) 

AU) 

AO) 

AU) • c. D(2) 

D(2) 

Those agencies not on the initial distribution may obtain reports 
on a loan basis by writing to: Commanding General, Air Materiel Command, 
Attn: TSEON-2, Wright Field, Dayton. Ohio. 
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Nav, Ordnance Divi.lon 
Roche,tar, Me_ York 

(I) 
/1) 

Attn: Dr. Rerbert Trotter 

Fairchild Engine. Airplane Corp. 
lIIBP4 DIVIsion 
P.O. Bn 4111 
Oak Rldle. Tenn. 
Attn: lir. A. Italltln.k,. 

Chief Engineer 

Fairchild Engine. Airplane Corp. 
Pilotiea. Plane Divl.ion 
Far.lnldale, Long Island, K.'f. 
Attn: Mr..1. A. S I on i. 

the Franklin In.titute 
Laboratoriea for Re.eareh and 

Develop, .. n t 
Philadelphia, Pa. 
Attnr Mr. R. B. WcClarren 

General Ele.tr1c Co. 
Project Herae. 
Sehen.cUd,. N.w Tork 
Attn: Mr. C. It. Bauer 

aeneral £le. trlc Co. 
Federal ~ Warlne 
Cos.erclal Dlvl.lon 
Schenectad1. Ne. Tork 
Attn: Mr. A. L. lIuh 

TIU!fS1UTTED VIA 

D.velop2ent Contrsct Officer 
Consolidated-Vultee 
4ircraft Corp. 
Daingerfield, Texas 

Repre.entatlye-in-Charge, BUAER 
Consolidated-Vultee 4ircraft Corp. 
Vultee Field 
Downe" California 

Develop.ent contract Offle.r 
Cornell Aeronautical Leb. 
B~ffalo, He. lork 

B~re&u or AeronautIcs Rep. 
Curti •• -Wright Corporation 
Columbus 16, Ohio 

Bureau of Aeronautica Rep. 
Douglas Aircraft Co. 
El Segundo, California 

Naval In.peotor of Ordnance 
Navy Ordnance Dlvl.ion 
Eastman Itodak Co. 
110 Weat Wain Street 
Roohe.ter 4, New Tork 

Repre.entative-ln-Charge 
Valrcbild Engine. 4irplane Corp. 
Pl10tle •• Plane Division 
Far.lnldale, Long I.l.nd, N.'f. 

Com~andlng Officer 
Naval 41rcraft Modlfl"atlon Unit 
John,ville, Pennsylvania 

DevelopMent Contract Of ricer 
General Il.ctric Co. 
Scbenectady, New york 

& £62 4 

COGIUZ.Ut 
A Gl!:!f Cl 

.l4F 

15UORD 

AAF 
HUAER 
• BUORD 

BUORD 
~ BUAER 

BUAER 
• BUORD 

BUAER 

4AP' 
ORD DEPT 

BuoaD 

UP' 

BUAER 

BUAER 

ORD DEPT 

BUORD 

General Elec tric Co. 4"F 
AViation Dlvl.1on 
Schenectady. New 'forle 
Attn: IIr. 9. ". Sch"ler. Jr. 

Mr. Phillip Cla~. 
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C. PRIME CONTRACTORS (Coat'd) 

CO!CfRJ.CfOR 

Glenn L. VA.tiD CO. 
aalei.ore. V~ryland 
J.ttn: IIr. II. II. VoorhIes 

Glenn L. liar tIn Coap.n1 
B ... lts.ore 3, lI a ryland 
lttn: Ill'. W. a. aergen 

Gl abe corp. 
11rcratt DIvIsIon 
Joliet, 1111nols 
lttn: III". J. 1. Wea&le 

Goodyear li rcr .. ft Corp. 
lleron, OhIo 
lttn: Dr. C&rl lrnstein 

Goodyear Alrer .. rt 
Plant. Bt 
lleron 17, Ohie) 
Attn: Ill'. 1. J. Peter.on 

Gru .... n Aircraft 
Engineering Corp. 
B~tbp .. ge, Long Island, II.Y. 
lttn: Ill'. Wl11ia. T. Seh •• ndIe,. 

Bughes Aircratt co. 
Culver CIty, Calitornla 
lttn: Ill'. D. H. Evan, 

Jet Propulaion Labor ... tory 
Callrornia Inatitut~ or 
Technolog,. (2 copl.u) 

I.elle:( Corp. 
lIew Torle, lie. York 

II. W. I.ollogg Co. 
Foot ot O .. nforth lvenue 
Jersey City 3, II.J. 
Dr. G. R. lIe" •• rl,. 

Chairllan, lilT, GIIC (2 coplea) 
Project Keteor orrl~ 
lIa.".chU5etto Institute ot 

Technology 
Call1bridge, va58. 
Attn: Dr. H. G. St ..... r 

lIeDonn.,ll Alrcr .. rt Corp. 
St. LouiS, 1I1.00url 
Attn' Ill'. W. P. 1I0ntlo ... ry 

North A2erlcan Aviation Inc. 
Los Angele., Calltornla 
Attn: Dr. W ... Bolla), 

Horth-rop Alrcratt Inc
H4.thorne, C .. lltornla 

Princeton Unlveraity 
Phy.lcs Department 
Princeton, He. Jersey 
Attn: Dr. John A. Wheeler 

20 

TRJ.lISIIITTIl:!) VU 

Bureau or Aeronautics Rep. 
Olenn L. M~rtin Co. 
Baitisore, 3, varyland 

In.pector of lI .. val lIater!al 
141 W. Jackson Blvd-, 
Chlc .. go .... Illinois 

Bureau or !.ronautIc~ Rep. 
1210 lI.os1110n Road 
Aleron IG, Ohio 

Bureau or AeronautIcs Rep. 
GruMsan !lrer .. rt Engl'. Corp. 
Bethpage. L.I., lI.Y. 

orflcer-ln-Charge 
ordnance Research , 
!)9velopsent Dlvl&lon 
Bull-ofUce (R.ocket) 
Calirornia Institute of Technolog,. 
p •• aden& 4, CalIfornIa 

lnopoetor ot Naval lI .. terial 
90 Church Street 
He. Yorle 1, H.Y. 

Navy Ordnance Realdent 
Tecbnl~al LIaison Otticer 
M.AAacbusett. Institute at Technology 
ROO,. 20-C-13:1 
C .... bridge 39, 11 •• 5. 

Bureau or Aeronauticl Rep_ 
IIcDonnell Alrcratt Corp. 
P. O. HOI 1516 
St. LouIS 21, Mls90url 

Bureau or Aerona.utles 
Resident R.epresentatlve 
lIunicipal Airport 
Loo .\n,.1&8 .. a, Calif. 

Development Cootr&ct Orrlcer 
princeton UniversIty 
prlncet6n, He- JerI., 

COGlUZlIIT 
AalHICY 

aUUi:l1. 

u,tr 

BtlAER 

BUAER 

AU' 

BUU:R 

A ... P' 

oaD DEPT 

BUORD 

.lAP' 
BUOIUl 

BUoal> .. 
UP' 

A ... II' .. 
aU.l.llR 

AJ.1' 
BUORD 
.. BU,U:a 

A.tF 

BUORD 



C. PRIME CONTRACTORS (CoDt'd) 

CO!(TIU.crOR 

prInceton UnIversIty (3 "opies) 
prlneeton, Mew Jersey 
.lttn: Project SQUID 

RadIo Corpo.ation or .l •• riea 
Yletor DIvIsion 
ca.den, Me_ Jerael 
.lttn: IIIr. r. T • .I .. ton 

Radloplane corporation 
MetropolItan .llrport 
yan Nuys, Calirornla 

Raytheon M~nuraeturlng Co. 
waltha., lIIassachusetts 
.lttn: IIIrs. R. L. Tho.as 

aeeves Inatruaent Corp. 
2i5 E. 915t Street 
lIew York 28, M.Y. 

R9pub11e .lviat10n Corp. 
1II111tarl Contract Dept. 
Far.lngd&le, L.l., N.T • 
.lttn: Dr. W1111a. O'Donnell 

alan .leronautlcal Co. 
Llndber & Fie Id 
san Dle&o 111, Cal1ro.n1" 
lttn: Mr. B. T. 8al.on 

8. W. lIIarshall Co. 
Shoreham BuIldIng 
W.shlngton, D. C. 

Sperry Gyroscope Co., Inc. 
grea.t ,Heck, L.I., N.Y. 

UnIted .llrerart Corp. 
Chalice Yought .llrerart Dlv. 
Stratrord, Conn. 
lttn: IIIr. p. S. Baker 

UnIted .llrerart Corp. 
Research Departaent 
East Hartford, Conn. 
.lttnl JIll'. John C. Lee 

unlveraltl or Miehlgan 
.leronautlcal Research Center 
WIllow Run Airport 
YpsilantI, MIchIgan 
Attn: Mr. 1\. F. Ma1 

Dr • .l. M. luethe 

UnIversity or 80uthern callrornla 
M~val Research proJect, 
College or En,tneerln& 
Lo • .lngele., Callrornla 
Attn: Dr. R. T. J)eYault 

univeralty or Texas 
Defense Researeh LAb. 
Austin, Taxas 
Attn: Dr. C. P. Boner 

wlllya-Overland liotors, In •• 
I&y~ood, callrorni& 
Attn: lir. Joe T .. l1ey 

TI..l.lIS1UTTED VIA 

Commanding Ortle9' 
Branch Orrlee 
Orrice ot Naval Research 
10 Church Street - Rm 1116 
Me. york 1, Kew York 

Bureau or Aeronauttcs Rep. 
Lockheed Alrcraft Corp. 
2~05 Morth Bol11wood Way 
Burbank, Callrornla 

Insp ... tor or /laval lIIaterlal 
Park Square Building 
Boston 18, las •• 

Inspector ot Naval lIIaterl&l 
90 Church St. 
Mew Tork 1, M.T. 

Inlpector or Naval lIIaterlal 
401 Water Street 
Baltimore 2, lIIaryland 

Inspector of !laTal Matertal 
gO Church Street 
Hew Tork 1, N.Y. 

Bureau of A.ronautlcs Rep. 
Unlted .llrerart Corp. 
ChanCe Vought .llrerart Dlv. 
Stratrord 1, Conn. 

Bur.au or .l.ronauel •• Rep. 
Unlted lireraft Corp. 
Pratt ~ Whitnel Aircraft IliT • 
.last Hartford 8, Conn. 

Bureau or .leronautles Rep. 
18 South Raymond Street 
Pas .. denl., Call rornla 

Develop_ant Contract Ofrt.er 
800 East 24th Street 
iusttn 12, Texas 

R.pro$.nt .. tlv.-ln-Ch~rge, BUA!I. 
Consolldated-Yultoe Atrcrart Corp. 
Do~nAY, callrornla 

COG!fJZilU 
.lGENCT 

BUAER 

AU' ~ 
BeORD 

BUUR 

AAF ~ 
BUU:a 

.lAP' 

A.lJl' 

BUAER 

BU.lER 
ORD DEPT 

BUAES 

BUORD 

BUlER 

BUORD 

BUAER 
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D. COMPONENT CONTRACTORS 
(1) AERODY:tA.)(ICS &: BALLISTICS 

COSTRACTOR 

New ~.xlcu School of Wine. 
R~sea~ch & D~velopm~nt Div. 
Albuquerque, New Mex1co 

New W~.lco School of Agri
culture & Mechanic Arts 
State College, N~w M~Jlco 

Attn: Dr. George Qardnt-tr 

New york Unlv~rslty 
Appll~d wathematlcs Cent~r 
New York, New York 
Attn: wr. Richard Courant 

Office of the Chief of Ordnanc~ 
Ordnance R~.~areh & Devalopmpnt 
Dlvl.lon 
R~.e~rch &: Wsterlals Branch 
Balll8tlcs Section 
Pentagon 
waShington 2~, D.C. 

Polytechnic Institute of Brooklyn 
Brooklyn, N~w York 
Attn: IIr. R.P. Harrington 

University of MInnesota 
Minneapolis, Wlnnesota 
Attn: Dr. Akerman 

AeroJet ~ngineerlng Corp. 
A~u8a, Caltfornla 
Attn: ".F. Mundt 

Marquardt Aircraft Co. 
Venlc~,Callforn!& 

Attn: Dr. R. E. Marqultrde 

TRA.l!SlIITTED VL\ 

D~velopment Contract Offlc~r 
Nnw M~~lCO School of Mln~s 
Albuqu~rque. New Mexico 

Development Contract Orflcer 
Ne~ Nexico School of Wines 
AlbuquHrque, New Mexico 

Inspector of Naval waterlal 
90 Church Strp.et 
New York 7, N~. York 

Inspector of N"val wa terla1 
90 Church Str"ct 
New lork 7, New York 

Insp~ctor of !laval Waterial 
FAd"ra] Bldg. 
Wl1wauk~. 2, Wis. 

8ur~au of AeronautIcs Rep. 
15 South Raymond Street 
Pas .. dena, California 

Bur~AU or A~ronautles R~p. 
liS South Raymond Stree t 
Pasadena, california 

(2) GU(I)AIICE &: CO!lTROL 

COGlIIZ.ANT 
AGEliCY 

BUORD 

BUORD 

BUAER 

ORD DEPT 

BUhER 

BUORD 

BUAJ;:!l 

HUAER 

Helmont Radio Corporation AAF 
~921 West Dtekpns Avenue 
Chicago 29, IlllnoU 
Attn: Wr. Harold C. Watte. 

Bendix AViation Corp. 
Eclipse-Pioneer DIVIsIon 
Teterboro, New Jersey 
Attn: wr. R. C. Srl.ander 

Bendtx AvIatIon Corp. 
pacific DIvIsion, gPO West 
North Hollywood, Calif. 

Bendl. Aviation !ladio Division 
Ea. t Joppa Road 
lIaltlmore 4, waryland 
Attn: wr. J. W. Hammond 

Muehler and company 
1607 Howard S tree t 
Chicago 26, Illinois 
Attn: wr. Jaek W. Roehn 

Command1ng G~neral 
Army Alr Forees 
p~n t&gon 

Washington 2~. D.C. 
Attn' AC/AS-4, DRE-2F 

Bureau of AeronautiCS 
Resident Representative 
Hendl. AviatIon Corp. 
Teterboro, Hew Jersey 

DevelopM~nt contract Orricar 
H~ndlx Aviation Corp. 
11600 Sherman Way 
IIor th Holly .. ood, CalIfornia 

BUAER 

BUORD 

AAF 

AAF 

AAf' 



D. COMP ON E:-i T CONTRACTORS (Cont'd) 

CO.'lTIUCtOR 

Con~olldated-Vulte~ Atrer&ft 
CDrporatlon 
Son Dl<lgo. C .. ll fornla 
"'ttn: IIr. C. J, Brel tw 1eser 

Cornell Unlver.lty 
[tna._, New Tork 
... ttn: II", Wlllla~ C. H .. II .... d. J". 

Director, U.S. NAvy EleeLronlc9 
I,4borA tor)" 
S"n Diego, C .. llrornl& 

Electro-Mech&nlc~l Research 
IUclge Field, Conne. tleut 
... ttn: IIr. CharI •• 8. Aiken 

Farn."ortb Television and R .. dlo Co. 
FDrt Waynq. IndiAn .. 
lttn: lit. J. DI Seh .. nt. 

Federal Telephone and RadiO Corp. 
aoo lit. Ple45ant lvenue 
He .. &rk 4, ~e" Jersey 
lttn: IIr. E. II. Wendell 

Galvin lIanuracturlng Corp. 
4~4l1 ... u!!:u.ta Blvd. 
Chicago ~, Iliinol. 
lttn: IIr. G. R. lll&tDonald 

G. II. Giannini and Co., Ine. 
lisa '¥eat Color&do St. 
Pa.adena, callrornla 

Glltlllan Corp. 
IS1~-1849 Venlee Blvd. 
Los ... ngele. 6, Collrornla 
lttn: IIr. (}. H. JUle. 

Hillyer Enslnoerlng Co. 
Mew YDrk, Hew Tork 
Attn: IIr. Curti •• Hill)'er 

Xearrott Engineering Co. 
New York, New Tork 
... ttn: IIr. W. A. Reichel 

Lear Incorporated 
110 lona Avenue, N.W. 
Grand Rapids 2, lIichigan 
... ttn: Ill'. R.II. Mock 

lIanuracturers lIachlne • Tool Co. 
320 Washlnston Street 
lit. Vernon, N.T. 
Attn: IIr. L. Kenn"th loIa),,,r, 

tompt rolle r 

Wlnneapolla-Boney.ell IIfgr. Co. 
21~3 Fourth Avenue 
Wlnneapoli. 8, VlnnesotA 
Attn: IIr. W. J. IIcGoldr!ck, 

vlce-Pl'e.,lde-nt 

Ohio State University 
Researeh Foundation 
Columbu., Ohio 
Attn: Wr. ~ho~&s E. Davia, 

S ta r r As. is tan t 

(2) GU ID .... ~CE '" CONTROL 

lRANSliITTED VIA 

Bureau or Aeronautics 
Repr.senta:ttvet 
Consolidated-Vultee Aircraft Corp. 
San Diego, C"llfornia 

DCO, Applied Physics Laboratory 
Johns Hopkins Uni verslt)' 
8621 Georgia Avenue, 
Silver Spring. lIar),land 

Hureau or AeronAuticS Rep, 
1~ South Raymond St. 
pas"dena, california 

In.pector of Haval lIater!al 
90 Church Street 
Hew York 7, Mew Tork 

Inspector of Naval IIAterial 
90 Church Street 
New Tork 7, New York 

COGNIZANT 
AGENCT 

HUAER 

.lAY 

HAVY 

AU' 

BUORD 

lAP" 

AAF 

8UAER 

AU' 

BUAER 

81lAER 

AAI" 

... ... F 

AAF 

All" 
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D. COMPONE!\T CO~THACTORS (Cont'dJ 

CO~TRACTOR 

Haller, RaYMond'" Bro"" 
P. O. BOX 342 
State College, P~nn.ylvania 
Attn: Dr. R. C. Ray!llond, Pres. 

ottice or Cnief SIgnal orti.er 
EngineerIng'" Teohnical Bervices, 
EngIneering Division 
Pen tagon 
W£shington 26, D.C. 

Raytron, Inc. 
209 E. Washington Avenue 
Jaek$on, MichIgan 
Attn: IIr. John R. Gel"er, VIce-Pre". 

L. N. Schy .. ln Engineering Co. 
6136 WashIngton Blvd. 
Los Angeles 16, CalIfornia 
Attn: L.N. Sehweln, General Partner 

SenIor Haval Ltalson Otficer 
U.S. Hav'l Electroni. LIaison Orflce 
Slgnal Corps, Engtneerlng Laboratory 
Fort Monmouth, New Jersey 

Servo corporatton or Aaertea 
Hunttngton, L.X., New York 

Sq .... re D Co. 
~ollsman In.tr .. ment DIVision 
Elmhurst, H •• York 
.&ttn: "r~ V" E,. Carbonara. 

Stromberg-Carlson Company 
Rochester, Hew York 
Attn: Ill'. L.L. Spencer, VIce-Pre •• 

Sub~arlne SIgnal Company 
Boston, M& •• acnuaett' 
Attn, IIr. Edgar Horton 

Sum.ers Gyroscope Co. 
1100 Colorado Avenue 
santa Wonlca, C .. lifornia 
Attn! IIr. Tom Summers, Jr. 

Sylvania Electric Product. Inc. 
Flu.hing, Long Island, H.Y. 
Attn: Dr. Robe r t 80w te 

University or IllinoiS 
UrbAna, Illinoi. 
Attn: IIr. R. E. Cunningham, Sec. 

University of Pennsylvania 
Moore Bchool of Electric .. l Engr. 
Phil .. delphla, Pa. 

Untveraity or Pittsburgh 
Pittsburgh, Pennsl1vania 
Attn: Ill'. E' A. Holbrook, 

Universitl or Vlrginia 
Phya!e. D~p4rt.~nt 
Charlottesville, Vtrgini4 
A.t.tn: Dr'. J. W .. Be&:rt!t 
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De&n 

TRA!lSIlITTED VIA 

Inspector or N .. val lIaterl&l 
90 Church Street 
New York 1, New York 

Bure&u or Aeron&utlc5 ReP_ 
90 Church Street 
New York 1, Ne. York 

Development contract Officer 
IIssS.chusetts Instttute of Technology 
Cambridge 39, Mas.achusetts 

Inspector of Naval lIaterial 
90 Church Stre. t 
'ew York 1, Ne. york 

CO~3anding Orficer 
Naval Atrcratt lIodlflcatlon Unit 
Johns.l11e, Pa. 

Development Contract Orricer 
UniverSity or Virgtni" 
Charlottesville, Virgln!& 

COG:fIl.AIIT 
AGENCY 

AAF 

ORD DEPT 

A4F 

A.AF 

NAVY 

BUAER 

BUA.ER. 

All" 

BUORD 

AAF 

8UOIID 

1..11" 

BUAEI!. 

AU' 

BUORD 



D. COMPONEN T CONTRACTORS (Cont'd) 

COllTIUC TOR 

WaShington University 
Res.arch Foundation 
813$ Fors,tna Blvd., 
Cla,ton 6, Ml.soori 
ittn! Dr. R. G. 8pencer 

Westlngnoose ElectrIc Corp. 
8prlngfleld, Massachusett. 
ittn: J.~.B. Kare, Vice-Pres. 

(Day ton o f'f'iC " ) 

Director ot Specialty 
Products Developm"nt 

Whlppan, Radio Laboratory 
Whipp .. lIY, II.J. 
Attn: Mr. II.R. Cool< 

Zenith R&dl0 corporation 
Clllcago, Illinois 
Attn: Rugn Robertsoll, 

Executive Vlce-Pres. 

A .. roJet Englne.ring Corp. 
i~u.a, Calif'ornia 
ittn: ~.F. lIundt 

iraour Reaearch Foundat10n 
recnnloa I Cen te r, 
Chicago 18, IllinoiS 
Attn: Mr. W. i. ca.let 

irthur D. LIttle, Inc. 
30 Memorlal DrIve, 
Cambrldge, MaSI. 
ittn: IIr. aelge Itolst 

Batt.elle Me.ori&l InstItute 
505 ~ing Avenue 
ColulRbu. 1, Ohio 
ittnl Dr. B. D. Tboma. 

Bendi,. Aviation COl'p. 
Pacific Division, SPD Weat 
N. Boll,.ood, J:alit'. 

BendiX Producta Div18ion 
Bendix Aviation CorporatIon 
401 BendiX Drive 
South Bend 20, Indiana 
Attnt Mr. Frank C. Wocle 

Co.sanding General 
Ar .. y Air Forc," 
Pentagon 
.asnington 211, D.C. 
Attn: AC/AS-4 DRE-2! 

Commanding General 
Air Msteriel Command 
Wright Yield Dayt.on, Ohio 
Attn: TSEPP·"1I(3) TSEPP-4A(l) 

TSEPP-IU (1) TSZPi'-OC (1) 
nORE- (1) 

COlll_n'Ung Otticer 
Ptcatinny iraenal 
Dove~, Mew Jersey 
ittn: Technical DivIsion 

(3) GUIDANCE. CONTROL 

TRA~SlUTTEO VU 

(3) PROPULSIOll 

Bureau or &eronautlcs Rep. 
10 South Raymond Street 
Pasadena, Calif'ornia 

Development Contract ortieer 
Bendi. Aviation corp. 
11600 Sherman way 
II. Holly"ood, Calit. 

d 

COGlIIZ1lfT 
iOElICY 

iAP' 

iU' 

OR» DiPT 

lAY 

BUAER 

ORO DEPT 

ORO DEPT 

AU' .. 
8UAli:R 

BUOIlD 

"AF 
BUORD 

Ai,. 

ORO DEPT 

25 



tr • nil 

O. COMPONENT CONTRACTORS (Cont'd) 

CO)fTIUCTOll. 

Com.~nding Offi.er 
WAtertown Arsenal 
W~terto.n 72, Massachusetts. 
Attn. Laboratory. 

Continental Aviation and Engr. Corp. 
Detroit, Michigan 

Curtiss-Wright CorporatIon 
Propeller Division 
Cald.~ll. New Jerse, 
Attn: Itr. C. W. ChUhon 

Experiment, Incorporated 
Richmond, Virginia 
Attn: Dr. J. W. Mullen, II 

Fairchild AIrplane & Engine Co. 
Ranger Aircraft Engines-Dlv. 
Far:lI1ngda18, L. I., H ... york 

General Itotors corporation 
AI1180n Division 
IndianapolIs, Indian& 
Attn: IIr. Ronald Hazen 

G. II. GIanninI" Co., Inc. 
Isa W. Colorado St. 
P,uadena, Californ ia 

Hercules Po_4er Co. 
Port Eifen. N.Y. 

Warquardt Aircratt Co.pan, 
Venice, California 
Attn: Dr. R. E. lIarquardt 

Menasco lIanufacturing Co. 
80a E. San Fernando Blvd. 
Burbank, California 
Attn: Robert R. Ml11"r 

Exec. Vlce-P~e., 

Mew York University 
Applied Mat.hematics Center 
Hew York, New York 
Attn: Dr. IHehard Courant. 

Office of Chief of Ordnanee 
Ordnance Reaearch & Development DIV. 
Roek., t Branch 
Pentagon, 
Washing ton 2~. D. C. 

Polytechnic Instttute or Brooklyn 
Brooklyn, Ne- york 
Attn: lfr .. R.P. HarrIngton 

Pu.rdue Un i vers1 tl' 
Larayette, Indiana 
Attn: IIr. G. S. M.lk@l 

Reaction Motors, Ine. 
L4ke Denmark 
Dovar. K@1if Jersey 

26 

(3) Pll.OPULSrOll 

TaUISMITTED VIA. 

Bureau or AeronautIcS Rep. 
11111 Freneh Road 
DetrOit 6, Michigan 

Develop .. en t Con tra" t OrUcer 
P.O. Box I-T 
Richmond 2, Virginia 

Bureau of Aeronautica Rep. 
Bethpage, L.I., K.Y. 

Bureau. of Aeronautics aep. 
General Motors Corporation 
Alii. on D Iv !!It on 
Indianapolis, Indiana 

rnsp"ctor of N,.val lIat .. tial 
90 Church S tree t 
~e .. York 1, New York 

Bu~eau of Aeronautics Rep. 
115 South Ray:nond Street 
p ... adena, california 

In8pecto~ of Naval Material 
90 Church Street 
Ne- York 7, He~ York 

In~peetor of Haval K&terl&l 
90 Church Street 
He .. l~rk 7, New York 

(nspector of Naval Waterial 
14l W. Jackoon Blvd. 
Chicago 4, Ililnois 

Bureau of Aaronautics 
Res1d~nt Representative 
Re&e tl0rt Motors, Inc. 
~$v41 Ammunition Depot 
L&k~ Denmark, Dover, N.J. 

COGIIIUNT 
AGElICl 

ORD DEPT 

BUAZR & 
AAF 

A. A!" 

BUORD 

BUAER 

BU.~ER 

U.I" 

BUORD 

AAF 
BUA!!:R 

AAF 

BUAER 

ORD DEPT 

BUAER 

BUAER 



UNClASSlflfD 
D. COMPONENT CONTRACTORS (Cont'd) 

COKTIUCTOI\ 

aenaaelae .. Pol1technlc Inatltute 
'l'r01, I(e. York 
Attn: Inatructor ot Naval Sclan"e 

So lar Ai rc ra ft C_pan1 
San D1<IIo la, CalIfornIa 
Attn: Dr. M.A. Williamaon 

Standard Oil Companl 
B.ao Laboratorlea 
Elizabeth, Hew 'erael 

Onivar.ltl ot Virllnla 
Ph1.1c. Department 
Cbarlotteaville, Virlinia 
Attn: Dr. ,. W. Be4m. 

Dniverattl of Wi.conaln 
Madi.on, Wiacon.ln 
Attn: Dr. J.O. IIlrachta14ar 

.e.tinlhouae Ela"trlc Co. 
Ea.lneton, Penna1lvanla 

.rilht Aeronautical Corp. 
Woodrldea, Ha. Jerse1 

Betbleh.m Steel Corp. 
Shlpbul1dlnl Dl¥ialon 
QulnCl 08, Mas •• 
Attn: Mr. B. Fox 

(3) paOPULS 1011 

TRAH811ITTED VIA 

Development Contract ottlcer 
Stan4ar4 Oil Co.pan1 
EasG Leboratoriea, Box 243 
Elizabeth, Ha. 'ereel 

Development Contract ottlcer 
Unlveraltl ot Vlrllnl4 
Chariotte.vllle, VirgInia 

Inapectol' ot Naval 
114 terlal, 
141 W. Jackaon Blvd. 
ChlCaeO 4, 1111nol. 

Bureau ot Aeronautlca 
I\ealdant Representative 
W ... Unehou.a Ele'''tl'lc Cerp. 
E •• ineton, Pennal1vanla 

Bur.au of Aeronautics Rep. 
WrIght Aaronautl"al Corp. 
Woodrldle, Ke. ,erse1 

Super¥l.or ot Shlpbul1d1nl, USl( 
Qu1ne1. lias •• 

COOKIZAHT 
AGENCY 

BUOI\D 

oaD DEPT 

BUORD 

BuoaD 

aUORD 

BUAEI\ 

BUU:. 

BUAER 
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