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AIRCRAFT ... RAMJET - HIGH ALTITUDE - RECONNAISSANCE 

1. 0 SCOPE AND C LASSIFICA TION 

1. 1 This specification covers the following aircraft: 

Service Mode 1 Designation 
Designers Name 
Model Designation 
Nurnber and Places for Crew 
Number and Kind of Engines 

Ramjet Applicable Spec 

Reconnaissance 
Lockheed Aircraft Corporation 
D-21 
None 
One; RJ-43 Ramjet 
Model MA20S-4 
(Modification of MA-ll) 

MIL-E-8219 

2.0 APPLICABLE SPECIFICA TIONS, OTHER PUBLICATIONS, AND 
DRAWINGS 

2. 1 The following publications, with dates as listed below, form a part 
of the Specification. 

2. 1. 1 

2. 1. 2 

* Specifications 

"Airplane Strength and Rigidity", MIL-A-8860 

Other Publications * 
"Handbook of Instructions for Airplane Designers" - mAD 
Tenth Edition 

3.0 REQUIREMENTS 

3. I Characteristics 

3. 1. 1 Configuration "'! (See General Arrangement drawing) 

3.1.2 Performance 

3e 1. 2. 1 Guaranteed Performance -

Performance data are guaranteed for the design mission. 

*These documents are made part of this Specification and are complied with 
to the extent permitted by the radical nature of this vehicle and its intended 
mission. 
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3.1.2.2 

3. 1. 20 3 

3. 1. 3 

3. 1. 4 
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Perforrr~ance Curves (To be furnished) 

The ,edorn.ance s:.'eciEed herein is based on the following 
atLlos~'heric, fuel. and en:'i:ae characteristicso 

Fuel: 

En~ine: 

ARDC Model AtLlOsphere defined in 
AFCRC TH 59 267 

PWA 523B Hydrocarboll Fuel 

HeatinG Vabe 
WeiJht at 50°F 

18,900 BTU/Lb. 
6. 6 Lbs. /Gal. 

Engine J\Iamuacturer I s Specification 
ASD R . ()3 1 for1,1S a rart of this 
specification. 

Maxiu1lLD thrust at 85, 000 feet altitude 
at Mach 3.3 at 76 'j~ inlet recovery = 
1, 706 los. Sreciiic fuel consurnption at 
85, 000 feet altitude at Mach 3.3 at 76% 
inlet l' eCOVe 1':r " 2. 08 p). /hr ./lb. thrust. 

{I.1Ls s ion R e(!Uil"cr~~ent 
+ 

The D -21 is ca~)able of being launched from 
an M- 21 car:del' aircraft. 

Launch (init~al)altitude 
Initial C:.:ui.sc .i'.ltitude 
Final Crnise Aldtude 
Speed (Con::;tant) 
RanGe 

75, 000 Ft. (max.) 
80, 000 Ft. 
95, 000 Ft. 
Mach 3.3 
3, 000 I\. lVI. 

Thel'Jayload is jcttisonablc, and is capable 
of bein::.; rc:covercd by modification to 
existing 'parachute and snatch" sy:,,;tems, 
usinG a JC - nOB as the recovery aircraft. 
The pay10;1,d parachute will be installed in a 
suitable cornpartment adjacent to the payloado 

Life The operational life of each D' 21 aircraft is approxi-
mately five h01.;:.1's. Therefore the airframe and its installed 
equipment is designed to have an £Eerational life at maxirnum 
temperature, of t;venty five hours. This twenty-five hours is 
predicated on four mated flights of five hours each and one 
operational ili2ht of five hours duration. 

II.linor cornponents (such as 0' rings) of engine, servos. 
hydraulic and fuel systerlls may require replacernent as a 
result of tethered flights at elevated temperatures. 
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::,.1.5 

3.1.6 

3. 1. 7 

3.1.8 

Approved for Release: 2018/11/16 C05114806 

VI' eights (See fo 110wing iabulatLn:-i) 

3. I. 5. 1 Design Gross Weight 

3.1.5.2 Design Zero Fuel Weight 

3.1.5.3 Actual Gross Weight 

3.1.5.4 Actual Ze:c'o Fue 1 \Veight 

Center of Gl'avitv L;:cati~)n -

Areas 

( 

Forward Limit 
Aft Limit 

vYing al'ea including e1ev;;ns 

Elevon axea each 

Vertical tail area inch:ding 
rudder at \1/. L. 100 

Rudder Area 

Flap area 

Dive flap area 

Dimensions and General Data -

Span 

p, speet Ratio 

Chord 

Theoretical Root 
(Centerline aircraft) 

Reference MAC 

Location of 2510 MAC 

Airfoil Section 

Airfoil Thickness (constant) 
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11,000 Lbs. 

5,800 Lbs. 

10,330 Lbs. 

5, 130 Lbs. 

F. S. 300 
F.S. 316 

388. 5 sq. ft. 

12.9 sq. ft. 

49.0 sq. ft. 

3.77 sq. ft. 

None 

None 

19.08 ft. (2.28.90 '1
) 

0.937 

40.0 ft, (480') 

20.6 ft. (247") 

iT.S.296.5 

Modified Bi-convex 

2.3% (Max. thickness 
at.63C) 

-----------------------------------------
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Dirnensions and General Data - (Contd) 
I 

Cathedral 

Incidence 

Elevons 

Span 

Chord 

Hoot (WS 40) 

Actual Tip (WS 115.30) 

Average 

Hinr,e Line 

Vertical Tail 

Span (From WL 100) 

Aspect R a"tio 

Cho:t'd 

Root ("WL 100) 

Tip 

MAC (WL 127.9) 

Airfoil Section 

Airfoil Thickness 

Sweepback at 25 % Chord 

Rudder 

Span 
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70° 16' 33" 

a 

2. 77 ft. (33.3") 

o 

2 9 076 ft. (24.912") 

F. S ... 448.5 

5.83 ft. (70.0") 

0.694 

13" 5 ft. (162") 

3.28 ft. (39.4") 

9.425 ft. (113. 111) 

Modified Bi-convex 

2-1/2% at WL 170 
4% at WL 125 
(Max. thickness at .70C) 

46 0 48' 

1.89 ft. (22. 7") 



3.1.8 

Approved for Release: 2018/11/16 C05114806 

Dimensions and General Data - (Col1td) 

Rudder (Contd) 

Chord 

Root 

Tip 

Average 

Hinge Line 

General 

Over-all HeiDht 
(FR L Hodzontal) 

Over-all Length 

• 

Launch An31e (angle between 
wing reference planes of the 
D-21 and the I\l1-21) 
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2. 225 ft. (26. 7") 

1. 758 ft. (21. 1 ) 

1. 992 ft. (23.9 '1 ) 

F. S. 492 

42.85 ft. (514.20") 
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WEIGHT STATEMENT 

Wing 

Tail 

Fuselage 

SUl'face Contro Is 

* Pl-opu1sion 

Auxiliary Power Plant 

Hydraulics 

Electrical 

E lee tronic s 

A iI' Conditioning 

Recovery System 

Fu]:nishings (Interior Insulation) 

Payload 

Unusable Fuel 

Zero Fuel WeifSht 

Fuel 

Launch Weight 

* Includes Engine Weight 490 Lbs. 
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Lbs. 

626 

104 

1,648 

145 

1,324 

90 

105 

183 

224 

63 

135 

84 

319 

80 

5,130 

5,200 

10,33,0 
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The aircl'aft is a midwing monoplane type, of metal and plastic 
construction. Design is as simple as possible consisten.t with 
the necessary operational, maintenance, and checkout character
istics. The basic aircraft with its power unit is expendable. 

3.2. 1 

3.2.2 

General In~eriol' Arrangement The interior arrange-
m.ent is essentially divided inte) four sections located in a 
fOTe to aft re lationship. The fir st section is the circular 
engine air inlet with the appropda te fixed spike and by
pass installations to control ail' flow and boundary layer 
ren10val. 

The second section is the equipment installation bay. 
which houses the payload, l'ecovery parachute, and major 
electronic gear. This cornpai·trnent is suitably cooled. 

The thil'd section extending for 200 inches comprises 
three fuel tanks, suitably inte::'connected to provide the 
enti:::e fuel supply for the engine. 

The fourth section is devoted to the ins tallation of the 
engine with its integral tail pipe and nozzle. 

.Materials - The main structural material is titanium 
ailuy, except fOl' those areas where temperature require
ments dictate the use of stainless steel and/or other high 
ternpcl'atule alluys. Non-rnetailic rnaterials are used in 
areas found to be suitable or as required for mission 
accomplishnlent. 

The design procedures, n'1aterial properties, and material 
processes conform to the standards established in 
Contractor's Reports. LAD-I05, LAD- 108, SP-153D t 
SP-156B, SP-154C, and SP-377. Standard parts and usage 
are as described in Report LAD-I09. 

"forbnanship - Construction of the aircraft, including 
such operations as detail fabrication, assembly, and 
equipment installation is accomplished in a thorough and 
workrnanlike manner consistent with high-grade aircraft 
manufacturing practices. 
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3.2.5 

Approved for Release: 2018/11/16 C05114806 
SP-582 
Page 9 

Production, Maintenance and Hepai::: The first con-
siderations in the design and construction of the aircraft 
are perfc.n'mance and reliability. Secondary considerations 
are ease or access. li:1aintenance and repair. All factors 
leading to rapid p:l:oducibility aTe given careful consideration. 
but are not incorporated at the expense of performance, 
reliability 0'1' ease of maintenance. The design, while 
utilizing high strenr,th titanium alloys and high temperature 
plastic materials, employs conventional fabrication and 
assernbly techniques to the maxin1un1 degree possible. 
precautions are observed in the handling, processip.g, and 
installation of titanium alloys tu inhibit corrosion and fatigue. 
Such design practices and production procedures as defined 
in the docun1ents outlined in Paragraph 3. Z. Z. 

The design policy affecting the flight control system; and 
hydraulic, fuel, and electrical systems, is to eliminate 
insofar as possible, any incorrect installation or re-instal
lation of comp.onents or assemblie s. Fluid lines, linkages 
and wire, etc., are so designed that incorrect installation is 
not possible by inadvertent action, where such error would 
involve damage, malfunction, or safety of flight. 

The design of the vehicle permits effective inspection. 
maintenance, and repair procedures to be utilized in 
production and se:l:vice. Accessibility is provided to perrnit 
scheduled maintenance and preflight check-outs as requlred 
for mission accornplishrnent. Emphasis is placed on ease 
of replacement of major units such as engine, SUbsystem 
cornponel1ts. electronic equipnlent. and payload. 

Interchangeability and Replaceability - The following 
components a:::-e interchangeable substantially in accordance 
with MIL-I-8500. 

Rudder 
Equipment Bay Hatch and Installed Components 
Elevons 

The folhwing components are considered to be replaceable 
with minor trim and hole transfer. 

Misce llaneous Door s 
Vertical Fin 
Wing Leading Edge 

Approved for Release: 2018/11/16 C05114806 



3.2. 6 

3.2. 7 

3.2. 8 

3. 2. 9 

3.2. 10 

3.2. II 

3.2. 12 

3. 2. 13 
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Fi:iis.r. .- T!!.e sta::"dards used for the finisI.: of the 'Vel:icle, 
bott i:lterior a:-.d exterior surfaces. are defined in the 
docunH~:J.ts li.'3ted hl Paragraph 3.2.2 of tUs specificatio:::. 

IJe~.ti£icatiml a:ld i\larki:::.u - I';o exterior markings other 
tLa:-. Hie l\Ia:lUfadurer's serial nurnber are applied to U:.e 
aircraft. 

Extreme Temperature Operatio!L - The aircraft as a 
vJhole, with its equirme:1t a:-id accessories, is designed 
to rneet the requirelllc:lt for satisfactory fundio'.. througl:.-
out the e:-..-ireme e:c.viroriYne:.tal ope!" atio:l anl'bie:lt flig:r~t 
tem~,erature n'cl:,'e of -'JOoF to + 110°F. The ARDC temper
ature variatio:. witt. altitude (Hef. j~FCRC TR-59-267, # 115, 
dated ~'\u;ust 1959) is assumed for perforrna::~ce determiiiation. 

Ground C linjatic ReqL:iretrel..l.ts - A grou:-.d am::ie::lt temrer
ature ran::'e of -65 0 Y to + 1606 F is assumed for the basic 
desi '11 of the aircraft. Special deviatio:<s to tUs temperature 
rans::e IT" .. lst :'::·e ;~ive::i for the ty~e of fue 1, Lydraulic oil a~ld 
o'ver-all coolL:.,~; systenls used. It is assumed tLat 3rou~ld 
shelter \\lill be proviJ.ed so that :lormal 8rou:r~d ellviro::.:lrY'e:lt 
is + 3So F to + lOOoF. 

LubricatiO::l - Provisio':lS ITlade for lubricati:'lg the aircraft 
a.:"Id its equipm.:::1t a:ld accessories are 8e~er ally Ll accordance 
witL the requireme-;~ts of SpecificatiOl1. lVlIL- L-6880B. However, 
due to Ul.usual eD.viro::.mental conditions, SOrYH:: lubricants are 
selected as a result of Contractor's tests and are :lOt neces" 
saril;: i:1 cornpliarlce with t:b..is Specification. 

Sta::..dard Parts - Standard parts are as listed in the 
Lockl:eed Eugbeering Standards IVlanual, selection to be 
ITlade in accorda:;.ce with the requireme:'1.ts of MIL-STD~143. 

Cre'N - Not Apr,licable. 

EquipITle~::;,t bstallation - The aircraft incorporates ITlajor 
iterls of equipITle::1t. or provis iO:i.1S ther efor e, as noted, listed 
b the followin~ sub-paragrarhs. 

3.2.13.1 Ahr an-',ent - Not Ar~~'licable. 
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3.2.13.2 

3.2.13. :3 

3.2.13.4 

Inel'tial Navigation System 

A Honeywelll\lH-390(D} Ine:::tial Navigation 
Systern is installed on the equipment bay hatch. 
Output signals from the INS wi 11 be used as 
stee:>'ing sif;nals in the autopilot, and infor-
mation signals in the payload. The system will 
provide p;bt b point steering signals for up to 
16 ple-dete:,mined destinations. The .system 
p·:;sition error may be updated to the accUl'acy of 
the 1\1-21 imrnediately pl'iol: to launch. l\laximum 
pes i tinn e::: :1:01' at l,:nnc h, er£1ploying the s te Hal' 
L'acKel' installed in the 1\'1-21 will be + 1.7 nautical 
Eliles. During Lee flight the ma.-ximllrr1 rate of 
ern .. :;: build up will be.±: 2 nautical miles/hour. 

The con'lputer sectLn is also used in conjunction 
with the In-night Check-out System. 

Nut A pplic able. 

Py:;;otcchnic Devices 

3, :~, 1 3. '1. 1 

3.2.13.4.2 

Desb:uct Systern - A destructor 
systenl capable of destroyi~lg the 
aircraft and its payload is provided. 
The system shall conform to t.he 
i;1tent (;,f USAF Spec X-Z8663. The 
destruct system is a:::med by time/ 
command after launch. and is 
actw.ted by; (1) altitude dul'ing free 
flight phase, 0:1.' by (2.) altitude 
cOH1D1nnd during the te:i.'rninal phase 
after payload ejection. There is no 
p1'0vision for destroying the payload 
and electronic equipnlent after hatch 
ejectiz)n. 

Payload Pyrotechnic devices, (Gas 
Generatr))', InitiatoJ', and Thrusters}, 
a.::e utili~:ed to release and eject the 
payload (including beacon) from the 
vehicle at the terrnination of the flight. 
Payload recovery is acc;:)mplished by 
a drogue gun deployed stabilization 
and recJvery parachute systern having 
cartLidge actuated release pins. 
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3.:. 13. 5 

3.2.13.7 

3.2.13.4.3 Prctective Covers - Window 
cove::s are secu-ced with cartridge
actuated latches for in-flight 
jettisonin8 p:.:ior to launch. 

b-Flight Check-cut (IFCO) -

In ol'de:;:- tu inS:"lre a safe launch and successful 
1'nission completiull, an in-night check-out 
systerl1 is hlsL:tlled in the I\ilD-21. The following 
D-c:'l systerns a}:e tested prior to launch from the 
l\T-! 1 (Launch Conhol Officer station): 

1. Auic;m.atic Flight Control System 
2. Inertial Navigation Systern. 
3~ l=>aY'load 

4. Engine 
5. Electrical System 
6. Corri.mand Receiver System 

In - Flight Moni to r (IF M) -

The fa lLY\ving systems of the D-2l are monibred 
c!/ntinuous Iy at the LCO station: 

1. 
.) 

L. 

3. 
4. 
5. 
6. 
7. 
8. 
~. 

10. 

Destruct Systern Tern.perature 
Altitude Switches 
Comnland Systen'l 
Hydraulic System 
Fuel Syster.a 
APU Speed 
Battery 
APU Ove:!:speed Lockout 
Launch Sensing System. 
INS Positiun Error 

Note: The M-Zl launch system pressul'e 18 also 
continuously m()nito1'ed by the LCO. 

In-flight Subsystem Control -

Dul'ing mated £li~ht the lc.llowing D-21 Systems 
al'e conh":::llled hom the LCO station: 

1. Fuel System 
2. Hydraulic Systern (PrcS8Ul'e Only) 
3. E lce trical. System 
,1. INS Positiun Up-date 
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3.2.13.8 

3.2.13.9 

Launch Control -

The following launch functions are cqntrolled 
from the LCO station: 

I. 

4. 

Ejection of nose and tail fai1:ings 
Engine Yuel 
Engi:i1e Ignition 
APU Ai:, Tl'ansfer 

Note: Functional Systems transfer from mated 
to free flight occU~'s autorl1atically on electrical 
urnbilical sepa:tation. : 

Payload Hatch -

The payload hatch is located between Stations 
141 and 222.5, on the underside of the fuse lage. 

The following equipment is mounted on the 
hatch and is ejected with the hatch: 

1. Camera 
2. Car:'lera Electronics 
3. AYCS Air Data Computer 
4. INS Power Supply 

I 

5. 
6. 
7. 
8. 
9. 

INS Computer 
INS Gimbal Control Electronics (GCE) 
Inel·tial Elect:::'onics Unit (lEU) 
INS Platform 
Elec tronic COrllponents Assembly 

10. RecoJe::y Beacon 
II. Beacon Antenna Transfer Relay 
12. Beacon Antennas 
13. Generaio:: Contl"ol Box 
14. Command Receiver 
15. Electrical Breakaway Couplings 
16. Air Systern Breakaway Couplings 

.h 11 of the above components are enclosed by a 
housing comprised of the hatch and hatch cover 
so as to provide a water tight and bouyant unit. 
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In addithn, the aerudynamic deceler'ator 
system is m.L-unted un the hatch, but not within 
the water tight housing. 

3.2.13.10 Hemovable Fairings 

Nose cone and tail fairings are provided for 
streamlining during mated flight. Both fairings 
are jettise;ned prior to engine ignitiun and launch. 

3. 3 Aerodynarnics 

3.3. 1 

3.3 . .2 

3.3.3 

General The external configuration of the aircraft is 
based un a mudified delta wing planform. The body 
incorpcrates the circular air inlet with its spike in the 
extreme forward nose. The forebudy incorporates chines 
which act as a canard-like surface. The engine is in the 
afterbody, and because of its completely internal instal
lation, results in a srnooth streamlined appearance for 
the enti:'e aircraft. In general, all external surfaces are 
flush, utilizing butt joints and flush attachments. 

Stability and Control The aircraft is aerodynanJically 
stable. The l<)W aerodynamic damping at high altitudes 
:;:'equires artificial stability augmentation. Special effort 
is made to obtain the most stab le platfo rm at high al~itude 
that the state of the art allows. 

Jettison The D-21 may be jettisoned, with no engme 
power, and with no lion board" electrical or normal 
hydraulic power available. 

3.4 Structural Design Criteria 

3.4. 1 General - The structural design criteria is based on the 
intent of the requirements of specification MIL-A-8860 
(ASG). dated 18 May 1960. 
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Maximum Flight Design Gros~ Wei8ht - The maxim.um 
flight desi:'.n :;,:r05s wei; ht is 11,000 "10u:1ds for captive 
flight, launch. a~:d free fli.,lht. 

Landin0 Desi,;D Gros s \Veight 

Lin-dt Flight Load .Factors - Limit fli:-:lht load factors are 
-,~ositive 2.0[' and zero :~ fol' cartive flight. Free fliJht 
maneuver 10aJ factors al-e ~)ositive 5. Og and :1egative 2.0g. 

The rnaximum free fli~ht ~.ust load factor is based on aa 
ernpty weight and a gust velocity of 27.5 ft. /sec. (rou~h 
air). C ritkal altitnde and s peed are 60, 000 ft. and 
400 keas respectivciy. 

L: 1\~ bust) 2.00g 

. . 11~: (total) " 3.00g 

Maximum captive fli3:ht gust load factor is based on a1". 
MD' 21 gros s wei:;ht of 62, 700 pounds a:ld gust ve locity 
of 45.8 ft. /sec., and altitude of 25,000 ft. a~1d VH' 400 keas. 

2.32g 

i.1 (total) 3.32g 

Litrit Landino Load Facto:,' Not Applicable. 

Lir.:lit Dive Speed - The lin,it dive speedb 450 knots EAS, 
both for ca~;ti.',re fli~'ht and free fli3ht. Above 69.500 feet 
captive fl1"ht is limited to ~'vlach 3.2 and free flight to 
Mach 3 .. 3. 

Limit Taxi and GrOU~ld Handlin;,? Load Factors 

3.4.7.1 

3.4.7.2 

Taxi Loads -

Taxi of the towable tra'llSporter cart does not 
ge::lCrate load factors withi~l the aircraft, 
greater than those listed for ground handling 
C ouditions. 

Grou:'1d Ha:ldHnp Loads 

For the 11,000 pounds gross weight condition 
the ground handling load factors are: 
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Ground Handling Loads - (eontd) 

Vertical: .±.2.0g 

Lateral: .:t o. 5g 

Fore & Aft: t O. 5g ...... 

A ir Transport Loads -

For the 5,800 pounds gross weight condition 
{no fuel} the following combinations are 
applied: 

Vertical: .±.2.0g 

Lateral: .±.2.0g 

Fore & Aft: .±.0.5g 

Jacking Loads -

Structural strength is provided for hoisting 
the vehicle at appropriate points and for 
transporting the vehicle on a towable cart. 

C rash Loads -

For a crash condition wherein the D-21 is 
mated to the 1'\/1-21, strength is provided to 
withstand a forward load factor of 3. Og{ult. ) 
at a D-2.1 gross weight of 11, 000 pounds. 
Under this condition, the D-21 fuel is retained 
in its mated position, D-21 fuel is retained, 
and all components aboard the D-21 remain 
fixed in their normal locations. Strength is 
further provided to withstand a 6. Og (ult. ) £01'

ward acting load factor at a D-21 gross weight 
of 11, 000 pounds. Under this condition, the 
D-21 is retained in its mated position and major 
D-21 components are retained aboard the D-21. 
Loss of D-21 fuel can occur under this condition, 
however. 
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3.5. Wing Group 

3. 5. I 

3. 5. 2 

3.6 T ail Group 

3. 6. 1 

3.6. 2 

Elevon travel is l70 up and 180 down. 

There are no provisions for balance weights or trim tabs. 

Description and Components - The tail group consists of 
a vertical stabilizer mounted on the centerline of the upper 
aft fuselage, containing a hinged rudde.r. Rudder travel is 
100 each side of neutral. 

Construction - The vertical stabilizer and rudder are 
titanium throughout and are of conventional skin and rib 
construction. 
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Rudder - The rudder is uperated by a torque tube 
mounted in the stub fin. The rudder servo unit is 
connected to the tOl-que tube, and is mounted on the 
upper surface of the fuselage within the stub fin. 

Fuselase -

3. 7. 1. 1 

3.7.1.2 

3.7.1.3 

Essentially, the fuselage is a cylindrical 
shape extending from the engine air inlet to 
the engine tail pipe. The general configuration 
contains the major elernents necessary for the 
aircraft mission. The smooth streamlined 
form is the result of aerodynamic and functional 
considerations. 

Construction -

The prime fuse lage struc ture is a titanium 
alloy, sen1i-monocoque construction, employing 
smooth skin attached to formed frames. 

Two· majoT openings are provided in the fuselage: 

One, in the forward lower body between Stations 
141 and 222. 5, and approximate ly 40 inches wide. 
This opening accommodates the equipment 
compartment hatch which is ejectable. 

The second opening is on the top centerline of the 
mid-fuselage over the fuel tank area; approxi
mately 22 inches wide, it extends from Station 235 
to St'ation 385. This opening provides access for 
servicing and inspecting the fuel tanks. 

Suitable insulation is applied to the rutside of the 
fuselage in the vicinity of the fuel tanks. 

I 

Equipment Compartment 

The equipment compartrDent is constructed in the 
forward section of the fuse lage between Station 
141 and Station 235. Titanium structure is 
designed to provide the necessary space and 
mounting provisions fur the auxiliary power unit 
and other subsystem equipment. 
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3.7.1.4 

Equipment Compa:drncnt (Contd) 

The major electronic equipment, the payload, 
and the recuve:.::y parachutes are all rilOunted 
on the cnDlpartrnent hatch in the opening 
pr()vided in the fuselage. The hatch is 
ejectable to serve as a platform for the payluad 
and electronic gear in their recovery descent. 

Dive Flaps None 

3.8 ~A.li2hting Gear 

None 

3.9 Surface Contrcl Sy.<;tcm 

:3. '). 1 

3.9.2 

3.9.3 

3.9.4 

P1'inlal'y Flight ContrDl - The basic flight control system 
consists (..f ai"'. alLtupilDt, servo control valves. hydraulic 
actuating cylinde1's and the surfaces. The prime motivation 
will be the sign~ds derived in the autopilot and stability 
augnlentati()n syste;ll. These signals will in turn control 
the p::.)siticning of the servo valves, thus establishing the 
£low ;)f oil to the hydrau lic cylinders located at the surfaces. 
Tv/:) sets of tw~) cylindcl's act!latc the elevon and one cylinde~: 
actuates the rudder. .i\utoDlatic spring-loaded 10cks are 
p~';)viOcd L prevent fluttc}' in the event of cOHlplete. los s of 
hydraulic system during mated flight. Emergency jettison 
contr<.)l v2lves achlated and Pc\vcl'ed by the emergency 
jettison h,·draulic sydem mctcI' oil directly to the primary 
cylinders to positicm the surfaces for jettison. The major 
ccmponents of the flight control system are designed as 
subas selllb lies where practicab le to fac ilitate bench as s ernb ly 
and check-l)ut. The aubpilut is l()cated in the equipment 
compa~trnent hatch and the servc}S and cylinders in the tail 
group. Accessibility is provided 1ur inspection, removal, 
and replacer:1ent. 

Seccndary Flight C:mtrols None 

Lift and Drag Increasing Devices - None 

Trim C:,ntrol Systern - None 
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The automatic flight 
data cornputer. the 

stability augmentation system and the autopilot. The air 
data computer provides a source of data for the stability 
autrnentation system, the guidance system. and the payload. 
The stability augmentation system incorpo~:ates logic 
circuitry to insure maximllm reliability. Stabilityaug
mentation is provided on three axes. The autopilot modes 
are launch. cruise or IVlach hold, and recovery IDode. 

Engine Section 

, 3. 10. 1 

3.10.2 

3.10.3 

3. 10.4 

3. 10.5 

3. 10.6 

3.10.7 

Propulsion 

3. 11. 1 

3. 11. 2 

Description and Components The engine 1S contained 
in the aft portion of the fuselage. 

Construction - The fuse lage structure in this area is all 
rnetal, semi-monocoque siructu:'e utilizing titanium alloy 
as the prime materiaL 

Engine Mounts The engine 15 mounted by means of 
spherical ball fittings located In two fuselage planes. At 
Station 435.93 a single ball fitting attaches to the bulkhead 
on the top centerline. This fitting is designed to take full 
engine thrust loads. At Station 468. 13 the mounting cullsists 
of three spherical ball fittings located at 120 degree intervals 
around the engine. These fittings are attached t() the fuselage 
frame at this s~ation through suitab le linkages designed to 
take engine ::,'adial loads. 

Vibration Isolators None 

Firewall - Fuselage Station 435 bulkhead serves as an aft 
tank bulkhead as well as a firewall. 

Cowling and Cowl Flaps - Not applicable. 
I 

Access for Inspection and lVlaintenance - Access to the 
engine is by removal of the aft fuselage structural shell. 

General Desc :::iption and Components - One Maxqua:::dt. 
HJ-43. Model MA-20-S-4 Ramjet engine constitutes the 
propulsion system for the aircraft. 

Auxiliary Propulsion Units None 
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Engine-Driven Accessories None 
hi 

Air Induction System - The an induction system cO,nsists 
of a circular inlet located in the extreme forward portion 
of the fuselage. ,1, duct, ci:::cular in c_'oss section, connects 
the air inlet to the engine. An inlet fixed spike and by-pass 
vent installations are pruvided tee contrel inlet shock position 
and bounda::y layer rernoval. 

Exhaust System - The exhaust system is supplied with the 
engine and cons~sts of a tailpipe and a nozz Ie. 

Engine Compartment Cooling The engine compartment 
is cooled by bleed air taken from the main air inlet duct 
through a fixed annulus ring located at fuselage Station 435. 
The gap in the engine tailpipe is calibrated to provide a 
cooling air flow around the engine. 

Lubdcation System 
with the engine. 

The lubrication system IS integral 

Fuel System -

3.11.8.1 

3.11.8.2 

Desc ription and Cornponents 

The fuel is contained in three integral tanks, 
with the center tank as the sump tank feeding 

I 

the engine. The fuel transfer system consists 
of an AC electrically dTiven fuel pump, one 
each in the forward and aft tanks, pumping to 
the center sump feed tank for C. G. conbo 1. 
The center feed tank has an AC electrically 
driven booster pump to maintain adequate pres sure 
and flow to the engine. 

A nitrogen inerting system is installed to pres
surize the fuel to 1. 5 .± 0.5 psi. The nitrogen 
is carried in liquid form in a Dewar flask. The 
quantity of nitrogen is sufficient for the maximum 
rnission duration, or for a return to base in case 
of an abort at the launch point. 

Fuel S¥stem Management 

The fuel in the D-21 is used as the heat sink for the 
electronic equipment and hydraulic fluid cooling 
system. In order to insure relatively cool fuel in 
the D-21 during the free flight portion of the mission 
the following system is employed. 
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Fuel System l\lanagerncnt -, (eontd) 

Take-off to refu.eling point - D-21 fuel is 
pumped into the M-21 engine feed line. 
DU1.'ing the descent to :refuel the auxiliary 
M-ZI fuel dump valve is opened and any 
fue 1 }<emaining in the D- 21 is pumped 0ver
bc.al'd. 

R e£ee 1 point to launch point The D-21 is 
Ii lled with fue 1 from the IVI -21 during'the 
IVI - 21 aerial reiue ling operation. 

Du:dng the climb-out and cruise the D-21 
again supplies fuel to the IVI-21 engines. 
Just prior to launch the D-2l tanks are 
"tGpped off" with fue 1 pumped from the IVI-21. 

Fuel management is perforrned by the Launch 
Control Officer. 

Pllrnps -

A 11 pumps are the submerged centrifugal type, 
three phase, 200 volts, 400 cps AC, induction 
wet metors, which are able to operate at 230/ 
520 cps. 

Tanks 

The fuel is contained in three tanks integral 
with fuselage and inner wing structure. Total 
usable fuel is 5,200 pounds at 6.6 pounds per 
gallon. A 30/0 air space is utilized for fuel 
expansion. 

Vent System -

A 11 tanks vent into a common n'1anifold line and 
relieve through a pressure relief valve set at 
a nominal 3 psi .± 025 , and vacuum l'eHef set at 

2 to 4 inches of water. 

Piping and Fittings 

A luminum alloy piping and fittings are utilized 
for fuel, the nitrogen, and vent systems. 
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Valves -

Electrically e'perated solene;id shut-off valves 
are iDstalled OD the engine fuel feedline and on 
the defl1cl and refuel lines to the 1V[-21 aircraft. 
Dual fk'at-opcrated shut-off valves are installed 
on the iue ling lines in each tank. Pressure 
fLi.eling frum theM-Zl aircraft is utilized for 
ground fueling and aerial refueling. Self-sealing 

I 

breakawav fittings a1'e utilized behvecn the two 
aiJ·craft. ~uitablc check valves are used as 
req;~il·ed. 

St:::-ainer s and Filters -

A 200 rnesh fuel filter is installed in the engine 
feedline. 

C2u<l.ntity Gages 

No quantity ga2cs a:'e installed. 

3.11. 8. 10 Fuel Vapor Le:,:tbg 

The q,lantity d niL'ogcn aboLlI'd is sufficient t,; 
inel"1 the tanks fo::' tw., aerial l'cfuelings and a 
final r.LD-21 descent. The qULlntity of nitl'ogen 
aboard is detennincd by overfilling the syster:n. 

3.11.8.11 Drain<ls,e PrOViSl:lllS 

Each fllel tanle has adequate Pl'ovlslOns for 
draining sediments and water at low tank points. 

3.11. 8.12 Fuel Evapo::'ation Control -

Fuel evaporati'_'I1 is cont::olled by use of low vapor
pres sure fuel Llnd by tank pressurization in excess 
of the fuel vapor pressure. 

3.11. 8.13 Refuelin~ Previsiuns 

The vehicle has a pressure refueling b:;:eakaway 
fitting in the botton'} of the fuselage. This 
cCJlmects to a h'unk line leading to all tanks. 

Approved for Release: 2018/11/16 C05114806 



3. 12 

3. 11. 9 

Approved for Release: 2018/11/16 C05114806 

3.11.8.13 Refueling Provisions 

SP-582 
Page 24 

(Contd) 

Dual shut-off valves in each tank ale controlled 
lJY dual pilot valves VJhich are located at u point 
which. gives app:coxiniute ly 3 '70 ail' space when 
the .l\lD-21 ail'Claft is eithcl' ground fueling 01' 

air refueling. r'\11 pressure refueling shall be 
from the 1\l-i 1 aL;'craft. 

3. 11. 8. 14 De£ue Ling Provisions -

The vehic le is defue led through a breakaway 
fitting tu the 1\1-2.1 ail.'crait. The AC booster 
pump in Tank No. 2. is used for defueling. 

Ignition System A triethylbo::.:ane ignition/I'e-ignition 
system is provided, and is an integral pa:l:'t of the engine. 

Auxilia:::y Powel' Unit 

3.12.1 

3.12.2. 

D.rSCliption and COlnponents An auxiliary power unit is 
provided to drive the hydraulic pump, the AC/DC generator, 
and to furnish cooling aL- for the elecb:onic units and the 
payluad. This unit consists of a variable area nozzle air 
tu;:bine, geal' box and power pads, lubricating system, speed 
control systecl, and all outlet ail' ternpel'ature conb:ol systern. 
Turbine exhaust tem.perature is sensed by therm-isto:;:s 
connected through the tel-llpel'atUl'e control system to the 
fuel flow by-pass valve which meters heat exchanger inlet 
fuel as l'equil'ed tD regulate cooling air within set liJ;Dits. 
Up to 20,000 ft. altitude, because of the possibility of 
free;~ing. exhaust ail' is controlled to a ,rninimurn ten1pe;5atUl'e 
of 40o F. Above this altitude a c0ntrol temperature of 0 F is 
rnaintained tu pl'ovide greater cooling capacity where nlOistu:;:e 
is not a proble,n. 

Power Source During free flight the air foy driving the 
auxi liary power unit is obtained ironi the engine inlet duct. 
On the ground and during mated flight, air for driving the 
unit is obtained from the M-21 engine air bleed system. This 
ai.:: is pre-cooled by the exist.i.ng 11/1-21 heat exchanger system 
and further cooled as required by the D-21 heat exchanger. 
For ground operation with the 1\.1-21 engines off, the auxilia:::y 
power unit may aise be operated by a ground truck (such as 
MA-IA) through a ground connector in the wheelwell of the 
IvI-21. 
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Electric System 

3. 13. 1 

3.13.2 

3. 13. 3 

DescriEtion - Power Source - The prime power source 
for the electric system is a 4 leva 120/208V, 400 cps AC 
brushless generator, combined with a 100 amp, 28V DC 
bl"ushless generator in the same housing, which is driven 
at 12. 000 + 5'/0 rpm by the auxiliary power unit. 

T 

AC and DC powel' are supplied to utilization equipments 
via sirl1ple distribution systerns. 

A 600 VA solid state inverter is supplied to provide 400 cps 
.:!:. 2%. 115/200 Vi\C power to the Inertial Navigation System 
and the Autopilot. 

3.13.1.1 

13 atteries -

3.13.2.1 

3. D. 2.2 

General Corucrn1ance -

The electrical system conionns to the intent 
of lVIIL- E-25366. 

Aircraft -

A 28 V, 2.5 ampere hour silver-zinc ba ttery is 
provided to supply power for the invel'tel'. 
comrnal1d rec eive:', the destruct systeln, and 
the recovery system after engine shut-down and 
prior to package separation. 

The batteTy is ccnnected to the rernainder of a 
di:i:ect current systern via a blocking diode which 
allows the battery to receive power, but p:revents 
the battery from dis charging into any other than 
the above specified loads. 

Package -

1'-\ srna ller battery is provided for the recovery 
systern beacon and is installed inside the beacon 
package. 

Receptacles - i'.,n umbilical receptacle is located on the 
boi.:bm centerline of the vehicle and mates with its counter
part installed in the pylon on the M-21 vehicle. Wires 
c~;m1ected to this :receptacle aloe used to supply power and 
for check-out Df the vehicle when mated with the rvI-21 and for 
ground check-out. The use of plugs and receptacles on equip
rnent is avoided as far as practicable and terminal blocks 
and/o}" perrnanent splices are \~5ed instead. ' 
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3.13.4 

3.13.5 

3. 13.6 

3.13.7 

3.13.8 

3. 13 .. 9 

3.13.10 

3.13.11 

3.13. Ii 

3.13.13 

3.13. 14 
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Equiprr,ent Insta ll'-1 tien - A 11 equipment, except those items 
rcquL"ed f;:)~: the fuel syster," engine control, and the auto
pilot gYl'OS. a; e L)c<:3.tcd in the cquipm.ent conlpa:rtment, OJ: 

are an integ:i'al pa:'t of the l'ecJvery package. 

Wiring - The electrical wiring installation is in accordance 
\'lith applicablc reqllirern.ents of specification MIL-W-8160 as 
intcrpreted by approved Lockheed Proces s Specification. 
r.IIL-W-8777 wire (300oF alDbient) is installed in the equip
rncnt cornpartme;'lt. Wire installcd in uncooled areas is 
l\TIL-C-Z5038 nickel cLnd copper wil'c .suitable for 650 0 F 
am.bient tem~el"atures. l\lIL-W-1()878C, Type E Teflon wire 
(3Z9oF ambient) is instaLLed in the fuel tanks. Spec LAC 1-140 
wil:e is installed in the paybad package. 

Bonding - Bonding is accomplished in accordance with the 
requirements of specification l\HL-B-5087. 

Con tr vl S - ( R ef c r to 3. 2. 1 3. 7) 

Li;:;htinS - Not applicable. 

13niti0!1 System (See 3.11.9) 

Indicators - Not applicable. 

Electric Drives - Not applicable 

Relays - The utilization and installation of relays is based 
upon the requi:rements of the aircraft system. Relays 
confe;rm to MIL-R-6106 or theh applicable detail specifi-
ca tions and MS drawings. 

Booster Coil - Not applic ab Ie. 

Filters - Radio interference filter s ,are installed as 
reqail'cd in c.:mformance with the requirements vi NUL-I-b05L 

Hydraulic System 

3. 14. 1 Description and Components A single hydraulic systern is 
provided to actuate the fl13ht c0!1troi surfaces only. The 
system consists of an APU driven variable delivel'y pump, a 
p:-essudzed rese:'voil', filte 1'::; , valves, fittings and tubing 
as requil·ed. Con'lponents cunf()Yrn to NlIL-H-8775, except 
where deviations are necessary to l)l'ovide satisfactory 
operation th:rcughout the intended ground and flight envelope. 
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Description and Components - (Contd) 

Dual operating pressures are provided in the system. The 
basic system pressure used for free flight operation is 
3300 psi at zero flow and 3200 psi at the full flow condition. 

To prevent structural damage during certain mated fligh~ 
regirnes, the hydraulic system pressure is reduced to 
900 psi. Pres~ure control is effected by solenoid operation 
of a pressure reducing valve via a switch at the LCO station. 

The hydraulic fluid used in the system is SP-302, a high 
ternperature de-waxed mineral oil. An oil-to-fue1 heat 
exchanger is provided to prevent fluid temperature at the 
pump from exc,ceding SOOnF'. The hydraulic system is 
designed to conform to the intent of r'vHL-H-25475, except 
whel'e deviations are necessa:::y to provide satisfacto:ry 
operatiul1 throughout the intended ground and flight envelope. 

Emergency Ilydraulic Systern -

3. 14 . .::. 1 Er.nergency hydl'aulic power is supplied by a cold 
gas bloyv-down accumulator which directs reserve 
fluid through mechanical servo valves into the 
p:::in1a:;:y actuatol's to position the contro 1 surfaces 
fu]' jettison. 

Pneum::ttic SysteL1 

3. 15. 1 

3. 15.2 

Adequate cooling for the electronic equipment and payload 
installed in the equiprnent cornpartment is provided by the 
auxiliary power unit (see Paragraph 3. 12.1). Cool air is 
ducted directly tv electu;nic units to provide suitable air 
circulation within the units as specified by the manufacturer, 
and ail' is also supplied for externally cooling the payload 
and other equiprnent net internally cooled. At low altitude 
when the re H1ay be free water in the air leaving the auxiliary 
powel' unit, the air passes thr-:)ugh a water separator, which 
rer:tlOVe s approximately 70 % of the free moisture. 

Gl'ound Cooling - For cooling when the D-21 is mated to 
the 1\;1-21, a ground connection is provided in the wheelwell 
of the Ivl-,21 through which either high pressure air may be 
supplied to operate the auxiliary power unit under load and 
provide cool a11', or low pressure cool air may be provided 
for cooling only. 
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3. 17 

3.15.2 

3.15.3 
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For operation when the D-21 is not alated, the SaTIle ail' 
SOlll'CeS as above may be connected directly to the bleed 
air coupling nipple on the D-ll. 

Anti-Icing Pr0visions - Ncme 

Utilities and Equipment Subsystenls 

3. 16. 1 Insh'uments - None 

3. 16.2 Furnishings None 

3. 16.3 Qxygen System - None 

3. 16.4 Ernergency Hescue - None 

COr::1munications, Navigation, and Gnidance 

The [(,llowing Equipment is installed, placed in normal operating 
condition, and tested in accordance with the intent of MIL-E-253'66. 

The equipment COnfOl"mS to JVlIL-E-8189 where possible. 

Ine:::tial Guidance System 
Autopilot with Stability Augnlentation System 
Cornmand Receiver 
Hecovery Beacon 

This equipment is located i1~ a cooled conlpartment. 

3. 17. 1 

3.17.2 

3. 17.3 

3. 17. <.1 

Corn:nunication Equipnlent - A five channel cOlnlnand 
receiver is provided, for renlote control of the beacon, 
fue 1 shut-off, package eject, destruct arm, and destruct 
disable. 

Navigation Equipment - A Honeyv,tell MH-390 (D) 
Inertial Navigation System is installed to pl'ovide steering 
information tD the Alltopilot and present position for 
pl'ogramrning opel'ating conlnlands. 

Autopilot - (See 3. 9. 1) 

A ntertna Insta llations Two anten nae wi 11 be installed 
in the forebody of the fuselage. These antennae instal
latL,ns will confornl to IVIIL-J\-7772 where possible. 
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3. 19 

3.20 

3.21 

3. 22 
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P:;.-ovisions f)l' installation c·f a GFAE camera (Hycon HR - 335) and 
accessories, are rnade. 

Fire CCHltr:Jl System 

Arrnarnent Systern Nc:ne 

Ground HandLit1g and Servicing Previsions 

3.21.1 

3.21. 3 

3.21.4 

3.21.5 

Towing Pr0visicns N~)ne 

J ackin;~ Pn)visim:.s - None 

l\looring Provisions Nene 

l-bistinc PrcvisiuI1s - Heisting fittings are provided 
at appropriate puints for raising and lowering the vehicle 
off and on the t"wable transpu:der cart, and the M-21 
airc raft. 

IvleaslLing and Leveli:,g Pr;)visi . .Jns 
Sb tiuns .":2.2.. 5 and 4-i-i. ::< 

A 1'e installed at 

Ae:ial1\ciueLing Sl'stC1Yl 

4.0 QUALITY ASSURANCE PROVISIOI\S 

The rnethc)d of inspectic;11 and tests are in accclrdance with Lockheed 
Ai:.:cyaft Corpo:.:ativn, Adva;l~ed De'/eh'prrlent Projects DivisiGn 
standard procedure. 

5.0 PREPARi\TION J:'OF DELIVEHY 

Vehicle will be prepared and delivered in accordance with the term~ 
of the contract. 

6.0 NOTES 

6. 1 Intended Use 

This specification IS intended tu describe the vehicle configuration at 
time of delivery as complete, .assernbled and flyable unit produced by 
Lockheed Aircraft Corporation under terms of the contract. 
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The Contractor will take suitable action to maintain this specification 
cUl'rent by issuance of revised pa3cs as necessary and appropriate, 
th2:ough delivery of the last vehicle described by this slJecification. 
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11111111111111111111111111111111111111111111111111111111111111111 
__ 14 OO()5~11lD ______ ' ___ _ 

Dear Leo: 12 April 1966 

Subj: D-21 Manufacturerts Model Specification, SP-S82 

The subject has been brought up-to-date. Significant 
changes made under Revision HBIl: are as follow s: 

Page viii 

Page 3 

Page 6 

Page 7 

Page 11 

Page 13 

Page 27 

General arrangement. Elevon travel angle 
changed from up 20 0 and down 150 to up 170 

and down 180 . The aerodynamic reference 
MAC quarter chord was added. 

Actual gross weight and actual zero fuel 
weight added. C. G. aft limit changed from 
F. S. 315 to F. S. 316. 

Weight statement; completely revised. 

Center of gravity curve; completely revised. 

Paragraph 3.2. 13.2; number of INS pre
determined destinations changed from 8 to 16. 
Paragraph 3.2. 13.4. 1; deleted. 

Paragraph 3.2.13. 9j reidentification of some 
of the hatch equipment. 

Paragraph 3. 14.2. 1; Hot Gas changed to Cold 
Gas. 

Other changes to the 
of a minor nature. 

involve phrasing and verb tense, and are 

Regards, 

cc: Col. F. Hartley 
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