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ABSTRACT

(S/NFD) This report presents the results of & tactical evaluation
of a Soviet FISHEED E (MIG-21F-13) aicraft performed under the manage-
ment of the Foreign Technology Division, Wright Patterson AFB, Ohio.
The evaluation oonsisted of comparative and tactical flights against
both USN and USAF first line fighter aircraft. Results of the perform
ance and flight test evaluation, system and subsystem characteristics,
design features and technologiocal information acquired from the
exploitation are presented in FTD Document CR=20-13=69 IRT Volume I -
Technical, Basic agreement between published estimates and the
exploitation results was found and the ocurrent practiced tactical
maneuvers against the FISHEED E were confirmed and revalidated.
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SUMMARY
PURPOSE

(S/NFD) The purpose of ihis report is to present the results of.
a tactical evaluation of a FISHBED E (MIG-21F-13) aireraft. The
report is intended tot

; (1) Present to Commanders and combat members an evaluation
of the effectiveness of existing tactical maneuvers by USAF and USN
combat aircraft and associated weapons systems against the MIG-21,

(2) To exploit the tactical capabilities and limitations
of the MIG~21 in an air—to—-air environment,

~ (3) To optimize existing tactics and develop new tactios
as necessary to defeat the MIG-21,

(4) To evaluate the design, performence and operational
charaoteristics of the MIG-21,

BACKGROUND

(S/NFD) The mission of the Foreign Technology Division includes
the acquisition and evaluation of foreign materiel to provide information
of scientific and technical wvalue to our national intelligence community
as well as Air Force and Navy research and development organizations,
thus enabling our combat orews to best perform their assigned missions.
Thies report concerns a project to obtain such information designated
Project Have Doughnut,

(S/NFD) The exploitation of the MIG-21 aircraft was assigned a
high priority since it has been widely exported and deployed to most
nations within the communist sphere of influence and is in combat in
SEA.

(S/NFD) Comprehensive data on the MIG-21 aircraft is contained in
(U) Pishbed Weapon System, ST-CS-09-27-69, dated 23 Sep 1969, class:ified
Secret and Eave Doughnut Volume I - Technical, FTD-CR-20-13-69 INT, .
classified Secret No Foreign Dissemination. The Have Doughnut project
was initiated to provide substantiating and supplemental information
to that published in the FID/DIA Study as well as to validate current tactical
‘maneuvers used by USAF and USK ocombat aircrews against the MIGC-21 aircraft.

69TDA= 7367
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SUPPLEMENT 1
PROJECT HAVE DOUGHNUT
REPORT OF TACTICAL
EVALUATION OF PROJECT AIRCRANT
AS TETERMINED BY
THE UNITED STATES AIR FORCE
TACTICAL ATR COMMAND

(This page Unclassified)
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GLOSSARY

l. Adverse Yaw: The tendency of an aircraft to yaw away from fhe applied
aileron, Induced by rolling motion and aileron deflection, usually
greatest at high angle of attack and full aileron deflection.

2. Maximum Rate Turpn: That turn at which the maximum number of degrees
per second is achieved,

3.  Maneuverability: The ability to change direction and/or magnltude
of the velocity wvector.

4. Igglmgg Performsnces The best possible performance without exceeding
aircraft limitations,

5. Energy Maneuverability: A concept used to determine total inflight
performance by measuring instantaneous and sustained maneuverablllty of
an aircraft through its envelope.

6. Maneuvering Energvs The ability to perform maneuvers as a result of
energy possessed. ~

7. Energy level (Eg)s Total energy state possessed for a g1ven combination
of altitude and airspeed (Mach).

8. Energy Rate (Pg): A measure of the ability %o gain or lose energy

in terms of altitude and airspeed or combinations thereof.

9. V=X Diag;amz A plot of load factor versus velocity used to provide
a measure of instantaneous maneuverability.

10. Lethal Envelope: The vulnerable envelope emanating from the target
aircraft.

11. Defensive Turns The basic defensive maneuver designed to prevent
an attacker from achieving a launch or firing position.

12, Hard Tu Single Directjo IT A planned defensive turn in which
the intensity of the turn is governed by the angle-off, range and closure
of the attacking airecraft,

13, Break: A maximum performance,defensive turn into the attacker ‘to
instantly destroy an attacker's tracking solution.

'14. TCA - 1 e=0f k ect e The angle between the defender's line

of flight and the attacker's line of sight measured in degrees (Track
Crossing Angle). ,

15, Sepsrationt Distance between an attacker and defender. Can be eiiher
lateral or longitudinal. ,

1-1
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16, Scissorss A defensive maneuver in which a series of turn reversals
are executed in an attempt to achieve the offensive after an overshoot

by the attacker.

17. gig§1ngjganggggzl A series of rapid turn reversals or abrupt changes

of roll/pitch angle at random intervals, to prevent an attacker from

achieving & tracking solution., Usually employed with little load factor

" while gaining lateral separation,

18, Diving Spiral: A near vertical accelerating dive using G and roll

rate to destroy an attacker's tracking solution and gain lateral separation,

19, BHigh Speed Yo-Yo: An offensive maneuver performed to maintain

nose-tail separation and prevent the possibility of becoming engaged in

a scissors maneuver,

20, Lufbery: 4 circular tail chase,

21, Low Speed Yo-Yo: A maneuver employed to facilitate closure and at
the same time allow an attacker to remain inside an opponent's turn

radius,

22, Closure (Relative Velocity): The time rate of change of distance

along the line of sight between airoraft,

23, Elementt The basic fighting unit (two aircraft).
24. Fluid Elementi The second or supporting element in fluid four

formation, flying in a high or low element position,
25. ACM:; Air ocombat maneuvers,

26, DCM; Defensive combat maneuvering.

achieved in maximum performance maneuvers,

28, Defensive Splitt A oontrolled separation of a defensive element in

: oY g : A maneuvering region for
the w1ngman in whioh optlmum visual oovarage and mutual support may be

different planes used in an attempt to foroe the attackers to commit

themselves to one of the defenders.
20, In-Trajl: Individual airoraft, one behind the other,

30, In-Traini Elements or flights, one behind the other,

1-2
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1. INTRODUCTION

(S/NFD)Tactical Air Command, in joint participation with United
States Navy and other government agencies, conducted an analysis of the
MIG-21F-13 (FISHBED E) day fighter weapons system., The FISHBED is
deployed widely throughout the world (Table 1-1) and represents a
formidable threat to US tactical forces, TAC pilots evaluated
FISHBED E as a total weapons system in a tactical environment and
compared it, operationlly, with selected USAF aircraft.

2, DESCRIPTION OF TEST ITEM:

A. (S) The MIG-21F-13, designated FISHBED E, is a single-place,
clear air mass, high altitude, point interceptor, weapons system,
The aircraft is capable of performing a secondary role of ground
attack and incorporates air-to~ground armament systems. Initial
MIG-21 prototype design was started in 1952 and design modification
for the FISHBED E was initiated in 1959. This variant provided
improved stability. (See Fig 1-1) & resume 'of general performance
characteristics is shown in Table 1-2.

B, (S) The MIG-21 is being used in the Southeast Asia environ-
ment primarily as a medium and low altitude interceptor and day :
fighter, TUnited States strike force fighter bombers are intercepted .
by the MIG-21 which is initially GCI vectored into the rear hemisphere
for a highspeed, single-pass attack., Prolonged engagements have
occurred, forcing the MIG-21 to operate as a day fighter at medium
and low altitudes, Only limited use has been made of the MIG-21 in the
high altitude, point intercept role, due to tactics of WSAF aireraft.

c. (v) Detailed description of the FISHBED E weapons system is
available in ST-CS-09-27-69 technical study,‘and other FTD publications.

3. OBJECTIVES

(S/NFD) To determine the tactical capability of the complete
FISHBED E (MIG-21F-13) weapons system, The aircraft will be evaluated
in a tactical environment as a day fighter, clear air mass interceptor,
‘and as an air-to-ground attack aircraft, Comparative operational
analysis with selected US operational aircraft will validate or
‘formulate optimum US air combat maneuvering techniques and will
define the tactiocal capabilities, limitations, and deficiencies of
the FISHBED E. '

4, SCOPE OF THE TEST
(S/NFD) The scope of this test included, but was not limited to:
A, Defining the offensive and defensive tactical capability
of the FISHBED E total weapons system in an air—to-air environment.

Comparative tactioal analysis will be accomplished with the MIG-21
and the following airoraftt :

1-3




TABLE 1-1
WORLT E_FIS

(s-Gp-1)
MODEL

NATIONAL ATIR FORCES c/E D/F
Bulgaria 22 14
Czechoslovakia 42 76
E Germany 16 141
Hungary 60 30
Poland 43 68
Rumania 42 10
Yugoslavia 36 20
Russia T17
Communist China 33
North Korea 1 10
North Vietnam
Indonesia 17
Cuba 33 27
Syria : 1
Iraq 11 ' 13
India
United Arab Republic 36
Afganistan — —

417 1162
Soviet Air Forc c C
E Germany : 284
Bungary 111
Poland 111

506

TOTAL FISHBED - WORLD WIDE

16

13
11

64
12

214

284
111

506
2299




Fig 1-1 FISHBED E
(5-Gp-3)




TABLE 1-2

FISHBED B GENERAL CHARACTERISTICS

(s-Gp-1)
Confimuration:s Clipped delta wing planform with swept tail surfaces.

Mission:

Primary = Clear air mass, high altitude point interceptor
Secondary = Ground attack and tactical reconnaissance

. ¢t One type, R=37F axial flow turbojet with afterburner thrust
12,650 pounds (max afterburner), 8,640 pounds (maximum dry)

Armament

Cun - One 30mm cannon with 60 round capacity

Vissiles = Two ATOLLS

Rockets = Thirty=two 57 mm FFARs (two pods)

Bombs = Total bomb load on all three stations, 3,300 pounds

Dimensionss

ing Span = 23,47 feet
Length = (Without pitot boom) 44.2 feet
Height = 13,5 feet
Weight = Empty: 11,017 pounds
Takeoff: 17,286 pounds
Maximums: 18,072 pounds

Perforr H
Maximum Mach = 2,05

Service Ceiling - 57,500 ft,
Strike Radius = 370 NM with external fuel

Structural Limitss _w/o External Stores  w/External Stores

lMaximum Load Faoctor 8 G 6 G

Maximum Indicated Airspeed 595% kt 595* kt

Maximum Indicated Mach ; 2.05 5 1.8‘ 5

IMaximum Dynamic Pressure 1200 1b/ft 1200 1b/ft
Fuel Ioad:

Internal = 4,600 1b
Centerline Tank = 880 1b

* Below 15000 ft, above 15000 ft 640 kt
1-6




(1) P-4c/D/E

(2) F~105D/F

(3) 1114

(4) F-100D

(5) F-104D

(6) F-5N

(7) RF-101 (Defensive Only)
(8) RF-4C

(9) B-66 (Defensive Only)

B, Identifying the operational limitations and deflclencles of
the FISHBED E systems and subsystems, to include:

(1) Aircraft performance
(2) Aircraft stability and control

(3) Armament, lead computing gun sight, and radar ranging
system,

(4) Cockpit environment
c. Defining optimum air combat mﬁneuvers (acu) to be employed

by US tactiocal aircraft in defensive or offensive situations to
defeat the FISHBED E,

D, Validating recommended ACM prescribed in current tactical
manuals and publications..

E, Determining the air-~to=ground attack capability, deficien-~
cies and limitations of the FISHBED E weapons system.,

F, Iden“ifying those desirable design features of tactical
significance inoorporated in the MIG~-21F-13 aircraft,

5. DEFICIZNCIES AND LIMITATIONS-
(S/NFD) Tactical limitations and deficiencies of the FISHBED I are:
A, Poor Forward and Rearward Visibility. Forward visibility
through the sight combining glass, bulletproof glass slab, and

forward windscreen limits visual target detection. F-4 and F-105
+type targets normally are acquired at three to five miles range,




L
T

Rearward visibility is restricted by the seat flap (Figure 1-2
and 1-3), narrow canopy, and aircraft structure to an area outside
a 50-degree tail cone.

B. Low Q Limit. Below 15,000 feet, the aircraft is limited to
.98 IMN, or 595 KIAS. Airframe buffet is severe at and above these
airspeeds and the aircraft is unuseable as a weapons system.

C. Weapons System., The 30mm cannon - capacity is limited
to 60 rounds, and severe pipper jitter precludes tracking corrections
during cannon firing. The optical, lead computing, gyroscopic sight
precesses excessively, and target tracking is impossible over 3 Gs,
The Range-Only Radar is susceptible to chaff and electronic jamming.

D, High Longitudinal Control Forces. Above approximately 510
KIAS, below 15,000 feet, the pilot experiences high stabilator
control forces and cannot command a high pitech rate,

E, Airspeed Bleed-off. At high G loads, the MIG-2]1 airspeed
bleed-off is excessive, This does, however, improve the turn radius.

F. Engine Response., Engine acceleration in response to throttle
movement is extremely poor. During ground operation,l4 seconds are
required to increase the engine speed from idle to full military
power. Formation flight is difficult, requiring combined use of
gspeed brakes and throttle movement,

G, Afterburner Puff, At altitudes above 15,000 feet, the
engine of the FISHBED E produces a white puff of unburned fuel as
afterburner power is engaged and disengaged.

H, Directional Stability. Directional stability is poor. During
air-to-ground attacks, if turbulent flight oonditions exist, excessive
pilot effort is required for precise target tracking,

6. CONCLUSIONS

(S/NFD) The FISHBED E has an excellent operational capability
in all flight regimes, However, performance is limited below
15,000 feet, due to severe airframe buffeting which occurs above
.98 IMN, or 595 KIAS., BHeavy longitudinal control forces are
encountered at 510 KIAS and above, making high pitch rates diffiocult
or impossible to achieve, Forward visibility through the combining
glass, bulletproof slab, and windsoreen is severely degraded and the
rear seat flap (Figure 1-3), narrow canopy, and aireraft structure
reduce rearward visibility. Armament is adequatej however, the 30mm
cannon is limited to 60 rounds total capacity and oonsiderable pipper
jitter occurs during firing. The tracking index drifts off the
bottom of the windscreen when tracking targets in excess of 3 Qs,
Airspeed bleed-off during high G turns is excessive and engine




Fig 1-2 Seat Flap
(5-Gp-1)




response is poor.

A. Comparative Tactical Analysis
(1) P-4 and FISH3ID RE:

(a) The F-4 has the capability to control an engage-
ment below 15,000 feet by exploiting the MIG~21 airspeed limitation
and airspsed bleed-off characteristic at high G, By orienting an
a*tack towards the FISHBED [L's blind cone in lag vnursuit type
maneuvering, and by operating in the vertical during ACl, the F-4
can defeat the !7IG-21,

(b) Acceleration Comparison. Acceleration performance
»f the P-4 is superior in military and afterburner power uv to
30,000 feet., A significant advantage is apparent in military power
and a slight advantage was demonstrated in afterburner power. Below
15,000 feet, the F-4 can easily accelerate to above the usable airspeed
(595 KIAS, or .98 IMN) of the FISHBID E.

(¢) Zoom Comparison. The F-4 has a significant advantage
in military power zoom performance from low altitude un to 30,000
feet, It has a slight advantage over the MIG-21 in afterburner power
zoorn capability, up to 20,000 feet.

(d) Turn Comparison. The MIG-21 has more instantaneous G
available than the P-4 at any given airspeed up to the limit load
factor of the aircraft. The MIG-21 loses airspeed more rapidly
during high G maneuvering than the P-4, and the subsonic, thrust-
limited, turning performance of the MIG-21 was about one-fourth G
less than shown on current energy maneuverability charts,

(2) 7105 and FISEBRD E:

(a) The F-105 should press an offensive attack only if
an initial rear hemisphere advantage exists, Prolonged maneuvering
engagements should be avoided, The airspeed limit of the MIG-21
below 15,000 feet can be easily exceeded by the F-105 if defensive
separation is required. Lag pursuit offensive maneuvering to the
MIG-21's blind cone, mutual flight support, and hit-and-run tactics
should be emnloyed bv the F-105,

(b) Acceleration Comparison, The F-105, in military
and afterburner power, closely matches the MIG-21 in acceleration
performance un» to 15,000 feet altitude from subsonic airspeed to
1.05 .  The F-105 can easily accelerate to above .98 IMN,
or 595 ¥IAS, below 15,000 feet and exceed the airspeed limit of

the FIZE3ED L,

(¢) Turn Comparison. The 1IG-21 has a distinct advan-
tage in turn capability at all airspeeds and altitudes, The F-105,
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therefore, should utilize hit=and-run tactics, and avoid prolonged
turning engagements with the MIG-21,

(@) Fire Control and Armament. The F=105's air~-tc=air
missile firing capability is equal to that of the MIG~-21, However,
the F=-105 has a superior gun system with its higher cyclic rate and
~better gunsight system. '

(e) APR-25 RHAV. The APR-25 REAY equipment will not provide
sufficient warning for the 7105 pilot to negate a missile attack by
the FISHBED E.

(3) P=1114 and FISH3ZED E

(a) The F=111 should avoid maneuvering engagements with the
¥I1G-21, since energy loss during prolonged maximum performance maneuvering
is prohibitive and DCM potential is lost. : :

(b} Acceleration Comparison, The i/IG=-21 has superior
acceleration performance from subsonic speed to the maximum ¢ limit
at altitudes below 15,000 feet, The F=111 has a definite advantage
above the ,98 IMN, or 595 KIAS. ‘

(¢) Turn Comparison., The MIG-21 has superior turn capability
at all altitudes and airspeeds and the F=111 should not attempt to
engage in a turning fight with the MIG=21 at any altitude,

(4) P=100D and PISHRED =:

(a) The F=100 should aveid maneuvering engagements with the
1’1G-21, Effective DC!f is possible by accelerating beyond the .98
MY, 595 KIAS, limit of the MIG-21 below 15,000 feet, Hit-and-run
attacks can be accomplished and lag pursuit maneuvering to the blind
area is most effective., Visual scan and mutual support are essential.

(b) Acceleration Performance., The MIG~21 has a significant
advantage over the F~100 in both military and afterburner acceleration
in all flight regimes, ‘

, (¢) Turn Comparigson, The ¥IG=21 has a significant advantage
in turn capability at all airspeeds and altitudes, Therefore, the
P-100 should not attempt to defeat the MIG-21 in a prolonged turning
engagement, Hit-and-run tactics are effective, providing the ¥=100
‘airspeed is kept well above 450 KIAS.

(d) Fire Control and Armament. The P~100 missile capatilily
is approximately equal ‘o the MIG-21's, although the ALI&=9 capacity is
greater, Radar ranging of the MIG=21 in missile rmode, combined




ol

with the enunciator lights for "In Range" and "Over G" equalize this
missile capacity difference. The four M~39, 20mm cannons and the
optical sight system of the F-100 are superior to the MIG=-21's

gun system,

(5) F~104D and FISHEED E:

(a) The F=104 should employ high-speed, hit-and-run tactics
during offensive action and avoid prolonged maneuvering engagements
with the MIG~-21, If the offensive situation deteriorates, the F~104
should separate by accelerating to above .98 TMN below 15,000 feet,

(b) Acceleration Comparison, The F=104 has a slight advan—
tage over the MIG-21 in military and afterburner power accelerations
up to 30,000 feet,

(¢) Turn Comparison. The MIG-21 has a superior turn capa=-
bility at all altitudes and airspeeds when compared to the P-104, and
the P-104 should never engage in a prolonged, turning fight with the
MIG-21.

(4) Zoom Capability. The F-104 demonstrated a better zoom
capability than the MIG-21; however, if the zoom maneuver terminates
at low airspeed, the F~104 is at a tactical disadvantage and vulnerable
to follow=up MIG-21 attacks.,

(e) Fire Control and Armament, The F-104 fir: control system
is slightly superior to that of the MIG-21., The two aircraft have equal
IR missile capability; however, that of the F-104, with the M6l cannon,
has a slight advantage, because of the cannon cyclic rate and accuracy
of the sight system., The F=104 ASG-14 radar system is superior to the
Range-Only Radar system in the MIG-21,

(6) F=5N and FISHBED E:

(a) TWithin the performance limits of the aircraft, the F-5 has
considerable potential for engaging the MIG-21 in a tactical situation.
At altitudes below 15,000 feet, the F=5 has a performance advantage.
The tactical engagement can be controlled effectively by the F=5 and
if defensive separation is necessary, it can exceed the MIG-21's
airspeed envelope below 15,000 feet. The F=~5 can closely simulate the
MIG-21 up to Mach 1,2 for combat crew training in ACM, dissimilar
aircraft engagements,

(v) Acceleration Comparison. The MIG=-21 has a slight advantage
in afterburner acceleration, and an equal acceleration capacity in
military power, The F-5 is limited to Mach 1.25, and the MIG-21 has
a distinet performance advantags at higher Tack numbers,
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The F~5 has an advantage when operating below 15,000 feet above the
.98 IMN, Q Limit of the MIG=21.

(¢) Turn Comparison. The MIG-21 has a slightiy better
instantaneous G capability; however, overall turn comparison appears
about equal to that of the F-5,

(a) Fire Control Comparison, The F-5 is comparable to the
MIG-21 in fire control capability.

(7) RF-101 and FISHBED E:

(a) The most effective defensive maneuver for the RF-101
is an unloaded, maximum power acceleration to above .98 IMN (595
KIAS) below 15,000 feet altitude. A steep descent, 45 degrees or
greater, when p0831b1e will provide background IR clutter, increase
the acceleration rate, and force the attacking MIG-21 to enter the
flight regime where high longitudinal control forces are encountered.

(b) Acceleration Comparison. The MIG-21 has a slight
advantage over the RF-10l in afterburner acceleration up to Mach 1.2
at 16,000 feet, The RF-10l1 is comparable to the MIG-21 in military
power acceleration from 300 KIAS to .98 IMN at 15,000 feet.

(¢) Turn Comparison. The MIG-21 has a superior turn
capability in all flight regimes,

(8) B-66 and FISHBED It

(a) The B-66 is vulnerable to attack by the MIG-21,
Escort protection is mandatory during operation in a high MIG threat
area, and B-66 survivebility depends upon the escort effectiveness
and teamwork.

(b) A36G defensive spiral, considered maximum perfor-
~mance for the B-66, will not negate a MIG-21 missile or gun attack.
However, the descendlng spiral will assist the escort in offensively
positioning on the -attacker and may provide the time regquired for
the escort to perform & diversionary missile launch or obtain a
kill,

(9) RF-4C and FISHBED E:

(a) The RF-4C, equipped with a QRC-353A chaff dispenser,
can effectively deny radar ranging information for the FISHBED E.  As
MIG radar lock-on is obtained and QRC-3534 is activated, radar
lock~on is transferred from the RF-AC to the emitted chaff, ' The
¥I1G-21, however, can estimate range visually for a missile attack or
use the optical sight manual ranging mode for gun firing.




(b) Effective DCM for the RF=4C is the same as for the

F-4C/D/E.

B, Operational Limitations of the FISHBEED Ej
(1) Aircraft Performance

(a) Airspeed limit of 595 KIAS, .98 IMN, below 15,000
feet altitude,

(v) High longitudinal control forces below 15,000 feet
altitude over 510 KIAS.

(¢) Slow engine acceleration.,
(d) Excessive airspeed bleed-off during high G maneuvering.

(e) Afterburner puff when engaging or disengaging above
15,000 feet,

(f) Limited range and flight duration in combat conditions.
(2) Stability and Control
(a) Poor directional stability in turbulent flight conditions.

(b) High longitudinal control forces above 510 KIAS, below
15 000 feet altitude,

(¢) Adverse yaw and rudder sensitivity during low speed
maneuvering, '

(3) Fire Control and Armament
(a) Cannon capacity is limited to 60 rounds
(b) Gunsight is not useful when tracking in excess of 3 Gs,
(¢) Excessive pipper jitter when firing the cannon,

(d) Electrical cage button for sight is difficult to actuate
while preparing to pull the stick grip mounted trigger.

(e) Range Only, X-band, radar is susceptible to chaff and
electronic jamming.

(f) Maximum usable sight reticle depression is 95 mils.

(4) Cockpit Environment:

(a) Functional switch and instrument grouping is poor,
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(b) Over-the-nose visibility is limited.
(¢) Poor visibility through the forward windscreen area.

(d) Restricted rearward visibility.

(e) Cockpit warning lights are located poorly and are diffi-
cult to monitor and interpret.

(f) Throttle quadrant controls require concentrated effort
to operate.

~ C. Optimum ACM for defeating the MIG-21 involved orienting an
attack towards the 50 degree blind cone in a lag pursuit technique,
then converting the attack to pure or lead pursuit for the missile/gun
kill, Vertical maneuvering potential of the MIG-21 was not as good
as indicated in current EM plots and ACM, in some instances, can exploit
this by vertical maneuvering. The 595 knot airspeed limit of the MIG-21
below 15,000 feet can be effectively exploited during DCM to effect
separation,

D. ACM, as described and recommended in AFM 3-1 and TACM 51-6,
are valid and effective if executed correctly in the proper tactical
situation,

E, The MIG-21 has a limited capability in the ground attack role.
The 30mm cannon is highly effective against heavy ground equipment
(Annex E); however, the 60-round capacity is a limiting factor, Pipper
Jitter precludes tracking corrections during gun firing and aireraft
directional stability is marginal in turbulent firing conditions, The
95 mil pipper depression limit prevents low angle releases of,bombs/
rockets, .

F, Desirable features of the MIG~21 include:

(1) Simplicity of design and operation

(2) Small size, light weight, and maneuverability

(3) Pilot restraint adjustment

(4) Three wheel brake selection with anti-skid protection

(5) Absence of engine exhaust smoke

(6) Lacquer finish that effectively eliminates skin corrosion.

(1) Longitudinal stability without artificial damping

(8) Stabilator automatit positioning, matched with aircraft
speed stability. ‘
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G, This test was very successful in obtaining a vast amount of
invaluable data of an operational nature, "Technical publications and
intelligence reports could never substitute for the knowledge gained
through this test., Obtaining other foreign aircraft, from friendly
countries as well as Soviet 3loc countires, and conducting tests
such as "HAVZ DOUGHNUT" would be of great benefit to the USAF.

A. (S/NFD) Formation Tactics and Maneuvers. Overall evaluation
of the test as conducted against the lIG-21 and the complete list of
USAF fighter aircraft has validated the tactics and maneuvers that are
preséntly outlined in AF'" 3=1, Specific tactices for all tactical
situations could not be obtained from this limited test. Air combat
maneuvers exploiting the limitations and weaknesses of the MIG=-21
are summarized for each fighter aircraft as feollows:

(1) P-4

(a) Force the engagement to low altitude and maintain
high airspeed., Fight below 15,000 feet and maintain at least 450
KCAS.

(b) Retain a high energy level. Accelerate in an unloaded
flight conditior when necessary.

(¢) Establish maximum angle off during DCM with the MIG=21,
Establish this high TCA at initial sighting and maintain it with the
minimum G required to avoid airspeed bleed=off,

(d) taneuver in a vertical plane below 15,000 feet and
avoid slow-speed reversals, Avoid prolonged, turning, close-in
engagements with the MIG-21 and, if necessary, completely disengage
to retain a higher energy level for possible reattack.

(e) Exploit the rear hemisphere blind cone of the MIG=21
(50 degree blind ccne), “Thenever possible, maneuver toward this blind
cone, using lag pursuit or rolling maneuvers toward the outside of
the turn.

(f) The MIG-21 is extremely difficult to detect visually,
Visual scan procedures should be continuously emphasized when in the
MIG high-threat area., Pilots of the #2 and #4 aircraft in the
four-ship flights should direct their primary effort to wvisual scan-
ning during an engagement,

(g) Mutual support and teamwork are vital, “hen mutual
suprort is lost, immediately disengage at high speed (above ,98 1im7,
or 595 KIAS, below 15,000 feet).

(n) At high airspeeds (595 KCAS) below 15,000 feet, the
wIG-21 is ineffective because of pronounced airframe buffet. IT the
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MIG-21 gains an offensive advantage below 15,000 feet, the F-4 should
accelerate to above .98 IMN in a slight turn, increase TCA while
maintaining visual ocontact with the attacker, obtain separation, then
position for a head-on attack if all conditions are favorable, If
conditions do not permit suffiocient separation for a head-on attack,
a complete disengagement should be accomplished.,

(2) F-105

(a) Maintain maximum airspeed (above 450 KIAS) below
15,000 feet when operating in a high MIG threat ares,

(b) Avoid prolonged maneuvering engagements with thé
MIG-21 at any altitude, Do not allow airspeed to dissipate below
450 KCAS during ACM.

(c) Do not rely on the APR=25 equipmentktb provide adeguate
warning of MIG-2]1 missile attack.

(d) The MIG-21 is extremely difficult to detect visually,
and visual scan procedures should be continuously emphasized when in
the MIG high threat area,

: (e) Mutual support and teamwork should be continually
emphasized., Whenever mutual support is lost, immediately disengage
and separate (above .98 IMN, 595 KCAS, below 15,000 feet). ~

' (£) If an offensive advantage has been obtained on the
MIG-21, maintain at least a 50-knot closure rate and press the attack
through the lethal missile envelope to lethal gun range, If a kill
cannot be obtained as minimum lethal gun range is reached, separate
by performing a descending acceleration (above ,98 IMN, or 595 KIAS,
below 15,000 feet),

(g) Exploit the 50 degree blind cone in the rear hemisphere
of the MIG-21, Whenever possible, maneuver toward this blind cone, '
utilizing lag pursuit or rolling maneuvers toward the outside of the
turn, :

(3) F-111

, (a) The F-111 should avoid maneuvering engagements with
the MIG—ZI. ‘

(b) At the first indication that an attack by a MIG-21
is imminent or in progress, the F-11l1 should accelerate to above ,98
I¥K, or 595 KCAS, below 15,000 feet, and separate.

(¢) Very high speed, hit-and-run attacks should be performed

B by the F-1ll against the MIG-21 only if an initially favorable offensive

position exists, f




“

(4) F-100

(a) The F=100 should avoid maneuvering engagements with
the MIG-21,

(b) If an attack by a MIG-21 is imminent or in progress, the
F-100 should maintain mutual support, accelerate to above .98 IMN,
or 595 KIAS,

(5) F-104

(a) The F—104 should avoid prolonged maneuvering engage-
ments with the MIG-21.

¢b) The F~104 should use only hlt-and-run, high-speed attacks
on the MIG=-21,

(c) If a distinct advantage camnot be maintained in an aerial
engagement against the MIG-21, the F~104 should disengage by accelerating
to above .98 MY, or 595 KIAS, below 15,000 feet,

(6) RF=101 and RFP-4C:- When an attack by a MIG-21 is imminent or
in progress against the RF-10l1 and RF=4C, an immediate acceleration
above ,98 IMN, or 595 KIAS, below 15,000 feet should be accomplished
to effect separation, Only mild "jinking" or turning should be performed
to retain visual contact with the MIG=21 until outside of missile range.

(7) B=663 If the B-=66 operates in a high MIG threat area, an
escort of tactical fighters should be provided, When attacked by a
MIG=-21, the 3-66 should attempt separation is a descending maximum
G spiral.

.

B, Aircraft Modifications

(1) Recommend the automatic acquisition mode of the F-4E
APQ-120 radar system be modified to allow automatic acquisition ranges
up to five NM.

(2) Recommend equipment capable of positively identifying hostile
aircraft be incorporated in tactical weapons systems as soon as
posaible,

Ce Training

An aggressive ACM program should be a required part of combat
ocrew training, replacement training units, and operational continuation
training., Dissimitar airoraft should be used for training whenever
posgible and the F-5N aircraft should be used for simulating the
MIG=-21 in ACM,




D, PFuture Exploitation., Recommend the Foreign Technology Diwvision
be authorized to aggressively pursue obtaining other foreign aircraft
for exploitation in programs similar to HAVE DCUGENUT, These aircraft
should include those from our Allied countries as well as Soviet
designed aircraft, Major US aircraft corporations should be allowed to
participate in the exploitations if security permits., This would
allow our aircraft manufacturers the benefit of seeing the results
of foreign technology first hand and give them a better understanding
of the competition that we must meet and beat,

8. TEST E 0 : S

A, (S-NFD) Offensive and defensive tactical capabilities of the
MIG-21 were assessed during air combat maneuvering with selected tactical
aircraft, Basic fighter maneuvers used during this evaluation ar
described in AFM 3-1, ; -

(1) Offensive Cavability., Flight conditions were established
for the MIG-21 (attacker) and participating aircraft (defender) which
defined a particular attack geometry, airspeed regime, and maneuvering
sequence, . Attack conditions initially simulated those being employed
in SEA environments however, the attacks were not limited to the
high-speed, rear-hemisphere, single-pass type.

(2) Defensive Capability. The MIG-21 established defined fligh*
conditions in a defensive posture and simulated attacks by selected
aircraft were acoomplished, Defensive maneuvering of the MIG-21 was
evaluated by constraining the maneuvering to a definite sequence
within defined flight parameters.

B. Operational deficiencies and limitations of the FISHEBED E were
identified by ewvaluating system performance in an operational environment.

(l) Comparative performance with selected US tactical aircraft
was investigated by

(a) Acceleration Checks. Level flight acceleration checks
with selected tactical aircraft were accomplished, ZRZach aircraft
stabilized co~altitude in a line-abreast position with the MIG-21.
Power was advanced to military/haximum simultaneously. Results of
the qualitative acceleration performance were recorded by each partici-

pating pilot, safety chase, and observer,

(b) Zoom Performance., From stabilized flight conditions
in a line-abreast formation, power was applied simultaneously and a
smooth pitch rate was established to achieve the desired flight path
attitude, During the zoom, each aircraft maintained the desired climb
angle if separation occurred. Zooms were terminated as the MIG-21
reached a pre-determined minimum airspeed. Relative positioning of
each aircraft was recorded on cocknit voice ‘tape during each maneuvsr.,
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(2) Stability and control characteristics of the MIG-21 were
assessed qualitatively as the aircraft performed air combat maneuvers,
including offensive tracking, air-to-ground attack, high speed pursuits,
low speed reversals and high G rolls, MIG-21 stability and control
investigation during ACM was limited to the normal operational flight
regime of the aircraft., Maximum performance maneuvering during certain
flight conditions was also evaluated,

(3) The aircraft armament system was analyzed during live
cannon firings in an air-to-ground environment. Pipper jitter, tracking
characteristics, muzzle flash, and weapons effects were documented.
Thirty millimeter high explosive, incendiary cannon shells were used
in 10-round links., Prior to cannon firing, the system was dry
borevighted at 1,000 feet range. Characteristics of the tracking
index were assessed during ACH and documented under high G flight
conditions. Radar capability in cannon and missile mode was investigated
during offensive positioning on various target aircraft. RHAW indications
during MIG-21 sight radar lock-on were investigated by offensive
maneuvering with F-105 aireraft using APR-25 equipment.

(4) Cockpit environment of the FISHBED E was assessed by the
TAC aircrew participants. Cockpit questionnaires were completed
during static ground analysis and immediately after ACM missions.
Cockpit qualitative assessment was completed by pilots with minimal
aircraft experience and again after considerable exposure to actual
cockpit operation.

C. Optimum combat maneuvers to be performed by US tactical
aircraft to defeat an attacking MIG~21 were defined during simulated
combat engagements,

(1) Initial investigation of DCM was limited to a l-on-1
situation with maneuvering constrained to a preplanned sequence, Defensive
maneuvering progressed to a l-on-2, and l-on-4 situation to evaluate
element and flight DCM and tactics,

(2) Basic DCM described in AFM 3-1 were performed and their
effectiveness assessed, Combinations and wvariations of these
maneuvers were accomplished and the results documented.

D. Air combat maneuvers described in AFM 3-1, TAC publications,
and Fighter Weapons Wing lesson plans were performed and the results
of each maneuver were assessed, In this manner, a valid analysis of
maneuver effectiveness was accomplished.

E. Air-to-ground attacks were performed using the NR=-30 30mm
cannon. Cannon system, tracking index, and aircraft handling qualities
were analyzed and weapon effects were documented.

F. Designvfeatures of the MIG~2]1 were assessed qualitatively by




TAC crews to evaluate the cockpit environment features.
G, Safetys

(1) Mission rlanning procedures and evaluation flights reflected
maximum consideration for flying safety,

(a) Evaluation missions progressed from investigation of
MIG-21 weapons system avionics and aircraft handling qualities
involving mild maneuvering, to an offensive l-on-l situation with
moderate ACM, to 1—0n—2/4 with maximum performance maneuvering in
defensive and offensive modes.

(b) Break-off minimums, as prescribed in AFM 51-6,
were considered inviolable, ‘

(c) Safety chase aircraft was required on every testkmission.
The chase pilot was familiar with all details of the flight, MIG~21
operation, and emergency procedures,

(d) A1l test missions were conducted in day, VFR flight
conditions, :

(e) A mobile control officer, familiar with MIG-21 operatibn
and procedures, was required to be on duty during all flight operations.

(f) Aircraft drag chute was used on all landings with the
¥IiG-21.

(g) MIG-21 ground taxiing was reduced to a minimum by :
towing the aircraft to a position adjacdent to the runway for each mission.
After each landing, the MIG-2]1 was shut down immediately after clearing
the runway and towed to the hangar area.

H, Mission Planning:

(1) The possibility that the MIG-21 would permanently go out
of commission at any time, and that each test flight would be the last,
dictated that the following priority be established for the required
data:

(a) Air combat maneuvering and comparative performance at
low and medium altitudes with:

1, F-4D/E
2, F-105D/F

(b) Quantitative flight testing for performance, stability




and control, and energy maneuverability data,

(¢) Continued ACM and comparative performance with
selected tactical aircraft,

(2) Prior to each mission involving ACM or comparative
maneuvering, all participating aircrews were briefed in detail on each
aspect of the mission so that maximum data could be obtained fronm
each flight. Briefing guides as established in TACM 51-4 were
followed. The pre-mission briefing was conducted by the project
officer or assistant project officer, who also participated in each
evaluation mission. ACM engagements were terminated by radio call
when the following ocourred: ’

(a) Flight conditions were becoming unsafe.

(b) A neutral, or stand-off, situation was apparent,

(¢) A decisive advantage was gained by either participant.
(d) Maneuvering produced the required data,

(3) a11 participating aircrews were selected on the basis
of their demonstrated ability and knowledge of ACM and SEA combat
experience, This selectivity provideds:

(a) Most qualified aircrews and more meaningful data.
(b) Maximum amount of usable data per tactical sortie.
(¢) Maximum degree of safety during tactical analysis.

(4) Evaluation missions were conducted initially with the
MIG-21 in an offensive posture to define the attack and comparative
performance capability., Defensive combat maneuvering was employed
by US tactical aircraft to negate a simulated missile/gun attack and
then attempt to achieve an offensive position., All available technical
material on the FISHBED E was reviewed to identify suspected deficien-
cies and limitations of the weapons system. Performance data and
energy maneuverability estimates were analyzed to determine the general
UIG-21 performance capability. TAC recommended ACM and FISHBED E
tactical capability estimates were compared to provide a basis for
flight planning.

(5) Mission debriefings were conducted as soon as practical
after completion of each mission to provide more valid flight analysis
and mission data, The project/assistant project officer participated
in each debriefing to insure complete understanding of mission results
and data acquired. Simulated "kills" which occurred during ACM reflect
mitual agreement by all participants concerned,




(6) To reduce the possibility of a ground mishap, the MIG-21
was towed to and from the active runway, This procedure also prevented
unnecessary brake and itire wear associated with taxiing, a primary
consideration since spares were not available,

I, Data Acquisition:

(1) Photographic. Maximum photographic documentation was
acquired by providing the safety chase aircrafi, participating aircraft,
and ground monitor with 1émm Canon Scopic motion picture cameras.

Gun camera and external pod-mounted cameras were used when possible
on selected missions. Cockpit, over—the-shoulder cameras were
installed in the lIG-21 to record cockpit conditions during each flight.

. (2) Tape Recording. Voice tape recorders were used by the
1TIG-21, safety chase, and participating airerews to document each
tactical air situation and development., Ground monitors were used to
record the UHF communication during comparative flight evaluations,
Briefings and debriefings were recorded and summarized daily.

(3) Data Cards, Mission data cards were completed by all
participating airecrews during or immediately after each mission.
Significant events and pilot qualitative comments were noted,

(4) Cockpit Evaluations. Cockpit qﬁestionnaires were
completed by participating TAC aircrews, Continued analysis was
accomplished as cockpit exposure and familiarization of pilots were
gainedc

, J. Aircraft Modifications for Tactical Evaluation.Data: lodi-
fications to the MIG-21 were only those required for valid data
acquisition, ' '

(1) UHF communications system was installed and the standard
VHEF equipment was removed, A UHF blade antenna was added,

(2) Representative combat configuration was achieved by
fabricating two wooden wing pylons and attaching a LAU-T7A missile
launcher to each., One AIM-9B training missile was then attached to
each launcher, o

(3) A voice tape recorder was placed on the right rear cockpit
congole and a commnications lead was connected to the pilot's
headset and microphone for providing necessary inputs.

(4) Other modifications for quantitative flight test data
includeds :




(a) Oscillograph - 10 channel

(b) Over-the-shoulder cameras (2)
(¢) Photo panel

(d) X band beacon

(e) Stopwatch

(5) Standard US instruments were installed:

(a) Airspeed indicator
(b) Calibrated Machmeter

(e¢) Altimeter

9. _TEST RESULTS AND DISCUSSION:

(S-NFD) One hundred and two total sorties were aocumulated on the
MIG-21 by all participating agencies. Table 1-3 summarizes these
sorties by mission, participating aircraft, and flight duration. USAF
tactical evaluation of the FISHBED E was accomplished on 35 sorties.
Annex A summarizes the results of each tactical mission,

A, Offensive and defensive tactical capability of the FISHBED E was
analyzed and comparative performance with selected tactical aircraft
was evaluated,

(1) P-4: :

(a) Acceleration. Comparative acceleration checks with
the F-4 and MIG-~21 were accomplished on missions 1, 2, 13 and 53.
Average fuel load for the F=4 aircraft during the acceleration performance
evaluations was 8,500 pounds and the FISHBED E averaged approximately
3,800 pounds,

1, Qualitative acoceleration performance obtained during
mission 1 with both airoraft (F-4D and MIG-21) in a clean configuration
indicated that the P-4 could maintain a close wing position as the MIG-21
accelerated at 10,000 feet in military power from 300 KIAS to 400 KIAS.
Excess power would enable the F-4 to accelerate ahead of the FISHBED E
- at any time, During afterburner accelerations at 10,000 feet from
300 KIAS to 550 KIAS, the F-4D could maintain close formation with the
MIG-21 and excess power was available which would permit the F-4 to
accelerate ahead, As 550 KIAS was obtained at 10,000 feet, airframe
buffeting of the MIG-21 became severe, Speed brake effectiveness of the
MIG-21 and P-4 was about equal and during deceleration at 10,000 feet
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on mission 1, both aircraft remained in the same relative position
~after opening speed brakes simultaneously, Idle power comparison
resulted in much greater F~4D deceleration,

were accomplished at 30,000 feet on mission 2. Close formation was

maintained by the F-4 with 95 percent power during the military power
acceleration. When afterburner was used by the MIG-21, the F-4D |
maintained close formation with less than full afterburner power, |
Zxcess power was available for the F-4 to separate. : : |

\

\

; |

2. Military and afterburner power accelerations }
i

\

, 3., Acceleration performance was again evaluated
on mission 13, Armament pylons were installed on stations 2 and 8
of the F-4D, At 10,000 feet, in military power, the F-4 was superior
in acceleration performance, requiring 38 seconds to reach 450 KCAS
as compared to 51 seconds for the MIG-2l1. Both aircraft initially were
stabilized line abreast at 300 KIAS. At 40,000 feet, accelerating
from 260 KIAS line abreast in a descending full afterburner maneuver,
the F-4D gained the lead position starting at 1.1 IMN, At 1.2 IMN,
the F-4D was 300 feet ahead of the MIG-21.

4., With both aircraft in a combat configuration
during checks on mission 53, the F-4 accelerated better in military
and afterburner power at 20,000 feet, Afterburner acceleration per-
formance at 25,000 feet demonstrated F-4 superiority up to 1.1 IMN.
Combat configuration for the MIG-21 inocluded two AIN-9B missiles and
centerline pylon, The F-4D was configured with armament pylons,
‘stations 2 and 8, four AIM-9B missiles and a centerline camera pod.

5. Below 15,000 feet, the MIG-21 encounters
pronounced airframe buffet at ,92-,98 IMN, As this flight regime is
entered, airframe buffeting begins translating through the cockpit
rudder bars and is evidenced by a rudder buzz. As airspeed is
increased, the buffeting becomes severe and causes instrument panel
vibration to the point that cockpit instruments are unreadable., The
aircraft, at this point, is unusable as a weapons system. Manually
opening the intake shutter doors does not produce a significant
change in the buffet onset. The only recourse available to the
pilot for eliminating the buffet is to reduce speed until the buffet
stops.

(b) Zoom Comparisonts

1, The F-4, clean configuration with 8,500 pounds
of fuel, versus the MIG-21, clean, 1,900 liters (3365 lbs) of fuel.
Starting at .80 IMN, 15,000 feet MSL, and zooming at 30 degree flight
path angle, the P-4 demonstrated significantly superior performance ,
in military power (mission 13, Annex A)., Under these same conditions,
in an afterburner zoom, the F-4 gained 4,000 feet more altitude and
terminated with 20 to 30 KCAS airspeed advantage over the MIG-21,




2, The FP~4, with four AIM~9B missiles and 8,500
pounds of fuel, versus the MIG-21, clean, starting at ,9 IMN, 10,000
feet MSL, in afterburner power, again demonstrated superior performance
and gained 1,500 to 2,000 feet, terminating with 30 KIAS advantage over
the MIG~21 (refer to mission 40 Annex 4),

3., 4An afterburner zoom was conducted with the F=4
configured with four AIM~9B's and a camera pod centerline, totaling 1
units of drag (this compares to the MIG CAP configuration used in SEAK
refer to mission 56, Annex A, The MIG-21 was configured with two AIM-9B
missiles simulating ATOLL missiles, Conditions were 20,000 feet MSL,
«90 IMN, full afterburner power, 40 degree pitch attitude established,
The F-4)terminated the maneuver with a slight advantage (1,000 feet and
20 KIAS8),

4, Technical and performance data available
supports a conolusion that the MIG=21 has a superior zoom capability,
especially from 20,000 feet up, Qualitative tests results indicated
that this was not the ocase and the P-4, with oomparable configurations,
was found to be superior to the MIG=2]1 in zoom capability at subsonic
speeds terminating at altitudes up to 35,000 feet,

(¢) T™urn Comparisons

- 1. Refer to Supplement 2 of HAVE DOUGHNUT Vol I for
the quantitative data on the MIG-21 performance from AFFTC flights con-
ducted concurrently with the Phase II tactical evaluation.

2, The VN charts for the MIG-21 appear to be valid
and at any airspeed the MIG=21 can generate more instantaneous G than
the F=4, up t¢ the point of structural limitations, Qualitative data
shows that the MIG-21 loses airspeed more rapidly in a high G, full
afterburner or military power turn than the F=4, For example, with
comparable configurations, fuel load, altitude, airspeed and G, the
P-4 consistently completes 180-degree turns with an average of 70 KIAS
speed advantage, This ocours up to and including 35,000 feet MSL/I 35
IMN, It was demonstrated that prolonged, maneuvering engagements
should not be attempted by an F~4 against the MIG=21, Despite the
fact that the MIG-2]1 loses airspeed more rapidly than the F=4 in a
turn, the MIG-21 ocan generate more G at a lower airspeed than the F={4,

(a) AcMs

1, The F~4 must capitalize on those performance
areas where an advantage exisis and maintain a high airspeed (450 KCAS
or .9 IMN minimum), play the vertical (zooms and dives, get very high
airepeed in the dive), force the fight to below 15,000 feet, and press
a close-in attack only when a distin¢t advantage is held, Below 15,000
fest, at airspeeds above 510 KIAS, the MIG-21 enocounters heavy longi-
tudinal conirol forces, This 1imit is particularly significant bvelow 10,000 .




feet above 540 KIAS, where maximum G available cannot be obtained to
the longitudinal flight control limit,

2. On four occasions (missions 43, 46, 47 and 48),
the test aircraft was set up with an overtake speed between 50 and 100
KIAS inside a 60-degree tail cone of the F~4, at a range of 6,000 to
12,000 feet., The F-4 entered a 6 G, descending spiral, maintaining
450 KCAS, and denied the MIG-21 the capability to achieve a "kill",
In all cases, if mutual support had been available, the MIG-21 would
have had to disengage immediately or be wvulnerable to a kill from the
supporting F~4. If the FISHBED E chose to follow the F-4 below 15,000
feet in this spiral maneuver, it was unable to match the turn perfor—
mance of *the F=4 and maintain a high airspeed. Therefore, the F-4
was successful in DCM by: h ' ,

a. Performing an unloaded acceleration to
~ above ,96 IMN, below 15,000 feet, for a complete disengagement.,

; b, If re-engagement was desirahle after
separation, reverse after separating 2 to 3 NM and employ all-aspect
missiles,

(e) Radar Sigmature:

1. A total of 24 radar intercept sorties was
accomplished by the F-4 to evaluate the MIG-21 radar signature character-
istics, The smallest radar cross section occurred from the head-on
aspect, and average detection range was 20 NM, Lock-on averaged
15 NM from the head-on aspect, From a tail-on aspect, ranges increased
to 25 NM and 17 MM, respectively. From abeam, or 90-degree aspect, the
range for ‘acquisition and lock=-on increased to 35 and 28 NM, respectively.
Target altitude was determined to be a consideration only because
ground clutter at lower altltude complicated the radar target recognition
problem,

2. Comparison of APQ-109 (F-4D) radar detection
ranges and those of the APG-120 (F-4E) revealed that the AP@-109
acquired the MIG-21 at 5-10 percent greater range. The source of
such a small deviation over a limited sampling is difficult to define.
It should be recognized, however, that the increased beam width of
the APQ-120, necessitated by a redesigned radar reflector to be com=
 patible with the internal gun of the F-4E, decreases the amount of
power that can be concentrated on target. Therefore, a slight degrada-
tion in range performance is to be expected.

3, Neither the F=4D nor F-4E is currently equipped
with a suitable low altitude or look down capability against airdorne
targets., It, therefore, becomes evident that both aircraft ( and the
F~4C as well) are vulnerable, from a radar detection standpoint,
to low front quarter and head-on attacks, Because of this limitation,




visual look-out remains the primary threat detection sensor. The
automatic acquisition mode of the APQ-120 radar, while definitely
easing the radar detection and lock-on problem, is virtually useless
to the crew in the situation under discussion because the range

gate in the automatic acquisition mode sweeps out to a range of only
12,500 feet maximum, By the time a front seat acquisition can be

made on a visual target, it is wery probable that insufficient range
will remain to permit offensive action in the form of an AIM-9

missile launch, Further, in a turning engagement following visual
identification of the threat aircraft, ranges in excess of 12,500 feet
will frequently be encountered. Automatic acquisition, considered

in a sterile environment, can be considered a significant advantage

to the aircrew., However, the foregoing circumstances indicate that
under realistic conditions the capability for auto acquisition actually
increases, rather than decreases, the requirement for close crew
coordination. A modification of the :existing APQ-120 automatic
acquisition capability to provide selection of a maximum range of
30,000 feet is desirable,

(f) Radar Technique and Discussion. In the F-4D,
use of the MAP B mode for radar search will provide slightly in-
creased detection ranges over RDR, 1 Bar, However, it is likely
that due to the tightly fooused radar beam in MAP B mode, a slightly
decreased detection probability exists. RDR, 3 Bar, will probably
prove ineffective, due to the infrequent illumination of the target.
The transmitter beam width of the APQ-120 in the RIR mode is 6.7
degrees, as compared to 4.7 degrees in the APQ~109., Acocordingly,
the signal applied to the B-sweep of the APQ-120 during acquisition
and lock-on widens the sweep to 6.7 degrees. A target at long range
occupies a very small portion of that 6.7 degree beam and sweep. It
is subsequently badly distorted and broken up in the B sweep until a
relatively strong target signal is available for display. The result
is that when searching for an airborne target with the APQ-120 in the
RDR mode, the target, although displayed on the scope, is easily
mistaken for receiver noise when initislly displayed. Therefore,
the best resulis can be obtained in the MAP mode of the APQ-120,

(2) FP-105

(a) Acceleration, On missions 3 and 8, acceleration
in both military and afterburner in one G flight show the F-105 to be
comparable to the MIG-21, up to 1,05 DMN and altitudes of 15,000
feet. The MIG-21 configuration was clean and the F-105 was clean
with 10,000 pounds of fuel remaining, The MIG-21 gained a position
200 feet ahead of the F-105 in military acceleration from 350 to 500
KIAS. The MIG-21 gained a position 500 to 1,000 feet ahead of the
P-105 in the afterburner accelerations from 400 KIAS to 1,05 W
at 15,000 feet MSL, Therefore, the two aircraft are about equal
in acceleration performance under the stated conditions.




(b) Turn Comparison. The MIG-21 has a better turn
capability than the F-105 at all airspeeds., This holds true at all
altitudes except below 10,000 feet and airspeeds above 540 KXIAS, where
the MIG-21 cannot obtain maximum performance due to stabilator
limitations, The MIG-~2]1 has a better instantaneous G capability,
better sustained G capability, and approximately the same airspeed
bleed off rate at high G loads,

(¢) It was shown during ACM (missions 8,9, 50 and 72)
that the F-105 should not pursue a maneuvering engagement with the
MIG-21, TIf the F-105 has an initial offensive position, he can continue
to maneuver for a '"kill" provided he maintains at least 450 KCAS.

Once the initiative is lost by the F-105 in an engagement, an immediate
separation should be accomplished by accelerating to above 595 KCAS
below 15,000 feet, ‘

(d) RHAW, On missions 50 and 72, the APR-25 Radar
Homing and Warning gear was evaluated with the MIG-21 Range Only
Radar, During this limited evaluation, the APR-25 was unable to detect
lock-on by the MIG-21 radar outside of five kilometers., The average
detection range indicated by the APR-25 was 3-1/2 kilometers or
11,484 feet, which can be inside the maximum firing range of the
ATOLL missile system, depending on altitude. On more than one occasion,
radar passes by the MIG-21 were undetected by the APR-25 until well
within the optimum missile firing range. It is apparent that the
APR-25 is an aid for detecting MIG-21 radar lock-onj however, it
should not be relied upon as a primary detection device. Visual look-
around and scan procedures continue to be the most reliable means
for detecting an attack,

(3) m111

(a) Mission 27 was accomplished with the F-111 to
determine the optimum P-111 DCM, 4An immediate turn by the F-111 at
maximum MIG detection range, followed by a low magnitude "jinking"
acceleration to minimum altitude and maximum YMach was the only
effective defensive maneuver,

(b) APS-109, The APS-109 equipment was evaluated
during mission 99 with the F-11ll and the MIG-21 Range Only Radar.
The APS-109 produced clear audio and stirobe indications when the 17IG-21
radar locked on the F-111 aireraft., During this limited evaluation of
the APS-109 system, it was noted that the maximum detection range
for MIG-21 radar lock-on was five kilomsters, and the average range
detection was 3-1/2 kilometers, This equates to 11,484 feet,which
is inside the maximum range capability of the ATOLL missile system. .
Therefore, while the APS-109 system is an aid for detecting the
MIG-21 Bange -Only Radar lock-on, it should not be utilized as the
primary means of detection. Visual look—~around and scan procedures
remain the best means of detecting an attack,
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(4) FP-100

(a) The F-100 was evaluated with the }IG-21 on mission 25.
The F-100 was able to force overshoot and negate close-in, gun—-tracking
attacks by the MIG-21 through DCM involving high G rolls, nose-high,
maximum-performance reversals, and hard turns to a break. This type of
maneuvering is "last-ditch" type for the F-100, and a followup attack
by the MIG-21 would bave been successful, The limited Mach of <he
¥IG-21 below 15,000 feet (0,98 Mach, 595 KIAS), dictates that the F-100
use 595 KIAS as minimum separation speed.

(b) Flight integrity and teamwork represent the best
nossible tactics for engagin the MIG-21 in offensive action. The need
for an excellent visual scan/look-out patitern cannot be over-emphasized.
If the F-100 is in an offensive position on the MIG-21 at low altitude,

a kill probably can be obtained by maneuvering toward the MIG-21's

blind cone. However, without a speed advantage, vertical or high G
maneuvering would rapidly change the F-100's offensive position to one

of defense, Results of lMission 25 indicate that the F-100 should avoid
air-to-air engagements with MIG-21 aireraft when the initial conditions
are not optimum, Defensive separation, when required, should be performed
at low altitude, above 595 KIAS.

(¢) Turn Comparison, The MIG-21 has a slight advantage
in turn capability at all airspeeds and altitudes tested, The sustained
G capabilities of the MIG-21 are significantly better.

(5) F~5N, The F-5N was evaluated with the MIG-21 on mission 87.

(a) Acceleration. The F-5 demonstrated superior accelera-
tion capabilities in military and afterburner power at low altitude
(15,000 feet) up to the Q limit of the MIG-21. The MIG-21 had a superior
unloaded acceleration capability to 1.2 IMN, the maximum obtainable
Mach of the F-5,

(v) Zoom Comparison. Starting from 10,000 feet, 0.9
Mach using full afterburner in a 30-degrees pitch zoom, the MIG-21
had slightly better performance.

(¢) Turn Comparison., The F-5N and MIG-21 are closely
matched in turn capability between .9 and 1.2 IMN. The MIG-21 has
more instanianeous G available below .9 IMN; however, the F~5N has a
slightly better sustained G capability. Therefore, the two aircraft have
comparable turn capability.

(4) General., During ACM, the F-5 and MIG-21 performed
the same maneuvers during the engagement on mission 87. Because of the
small size of both aircraft, visual acquisition was difficult. The
restrictions to visibility in the MIG-21 caused loss of wvisual contact
and a resultant "kill" position was obtained by the F~5, The turn,
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zoom, and acceleration capabilities were closely matched and the results
of the ACM were determined by pilot tactical proficiency rather than
superior aircraft performance, Radar returns of the MIG~21 and F-5 are
nearly equal, The F-5 can exceed the low altitude Q limit of the MIG-21
and has a better cockpit visibility. The F-5's slow speed maneuverability

and fuel specifics are comparable to the MIG~21,

(e) Training., The F-5 performance envelope makes it an
excellent training vehicle for simulating the MIG-21 aircraft. Its small
silhoustte, acceleration, zoom, and turn performance closely approximate
the MIG-21, Exposure of combat crews to air combat training against the
F-5N would significantly aid aircrews in actual combat with the MIG=21
aireraft,.

(6) RF-101. The RF-101 was evaluated with the MIG~21 on
mission 68,

(a) Acceleration., Acceleration showed the RF-101 to be
equal to the MIG~21 in subsonic military acceleration at or below
15,000 feet, With the same initial conditions, the MIG-21 was slightly
superior when performing an afterburner acceleration from 350 KIAS to
1.1 IMN. The RF-10l is capable of accelerating above the Q limit of
the MIG-21 below 15,000 feet,

(b) Turn Comparison. The MIG-2]1 has a superior turn
capability when compared to the RF-101, which was demonstrated on all
encounters flown during the one evaluation flight, Results show the
RF-101, when under attack by a MIG-21, should accelerate immediately
to above ,98 TMN, 595 KIAS, in a steep dive, below 15,000 feet, and
separate from the attacker,

(7) B-66, B-66 defensive maneuvering was evaluated on mission
78.

(a) Acceleration, The MIG-21 is far superior in accelera-
tion at all altitudes and the B~66 Mach limitation is well below the Q
limit of the MIG-21 below 15,000 feet.

; (b) Turn. The last-ditch maneuver of a high G, descending
spiral performed by the B-66 failed to negate an attack by the MIG-21,

This still appears to be the best possible maneuver for the B=66 to
acocomplish when under attack of a MIG-21, If the B-66 operates in a NIG-21

high threat area, close fighter escort should be provided so the high

G spiral DCM would permit the escorting aircraft to achieve a "kill"

position on the MIG attacker.

(8) RF-4C. The QRC-353A was evaluated on mission 98 utilizing
an RF-4C, During this limited evaluation, it was determined that the
QRC-353A is effective in denying radar range information to the MIG-21




during an attack, FEach time the MIG-~21 Range-Only Radar locked on

to the RF-4C and the QRC-353A chaff dispenser was activated, radar
lock=-on was transferred to the chaff, thus denying range information
to the MIG-21 radar system., Even though radar range was denied the
MIG-21 radar system, the MIG-21 pilot could still perform an effective
ATOLL missile attack and follow-~up gun attack on the RF-4C, using
visual range estimation or manual sight ranging,

B, MIG-21 Cockpit Evaluation

(1) General., The MIG-~21F-13 cockpit reflects the Soviet
philosophy of engineering simplicity. Functional grouping of switches,
controls, instruments, and warning lights is poor and gives the cock-
pit a cluttered appearance, Results of cockpit evaluation by TAC pro-
ject personnel are summarized in Annex D, The poor grouping of switches
and controls causes the necessity for close pilot attention when some
cockpit action is required. However, the overall design simplicity of
aircraft systems generally requires little pilot monitoring or control,

(2) Support Requirements. Ground-handling equipment is
minimal and includes that required for over—-the-wing refueling and
reservicing of gasoline, lubricants, gaseous oxygen, and high pressure
air. Filler ports and access panels are readily accessible and aircraft
turn-round time frequently was 30 minutes. Battery starts are possiblej
however, an external power source was normally used during this evaluation.

(3) Cockpit Entry and Pilot Seat. A ladder is necessary to ‘
enter the cockpit. The pilot steps onto the seat, which contains the
seat-type parachute, and must suppor: himself on the canopy rails as
he carefully positions his feet on the rudder bars, He then lowers
himself into the seat, Great care must be taken as the pilot positions
his feet on the rudder bars because the limited space between the leg
restraint mechanism, the center pedestal, and the lower instrument
panel, Rudder bars are manually adjusted by maintenance personnel before
the pilot enters., Seat comfort is marginal because of the parachute
harness back strap arrangement, This was alleviated somewhat on some
missions by putting & foam rubber cushion between the harness and the
pilot's back, Seat positioning optimizes pilot body posture so that
high G loads are more easily tolerated by the pilot. The legs and
buttocks are positioned on the same level, which reduces the tendency
for bleod to pool in the lower body areas as G forces are applied, Seat
adjustment is accomplished by an electric actuator which moves the seat
up and down, Visibility during taxi operation is poor because of
limited over-the-nose visibility and reduced visual acuity through the
sight combining glass, the bulletproof glass slab, and the forward
windscreen, Canopy/head clearance causes head movement restrictions,
Ejection triggers on each armrest are easy to operate and are readily
accessible, Donning the parachute and integral seat restraint harness
takes one to two minutes, Each leg strap on the seat-type parachute must
be positioned over the leg and threaded through a harness loop and
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seat pan slot at the rear of the seat, then into a central harness

- connector, Finally, the pilot snaps the right shoulder strap into the

connector and attaches the oxygen, G-suit, and communications leads.
The personnel lead group,. although bulky, does not restrict pilot
movement or cause discomfort, once attached, A ratchet handle located
on *he right side of the seat allows the pilot to tighten the harness
and restraint mechanism to a high tension. Shoulder harness slack may
be adjusted by a release/locking lever located on the left side of th
pilet's seat.

(4) Canopy and Controls:

(a). The canopy is pneumatically ovperated by controls
within the cockpit and externally accessible from the left forward
nose section., The pilot nositions two levers in the cockpit to close
and lock the canopy. There is no warning light to indicate a canopy-
unlocked condition, Care must be taken when opening the canopy so
as not to apply penumatic pressure to the actuator before the locking
mechanism has fully released, Improper opening technique on one
occasion caused the canopy to snap open forcefully and become disengaged
at the forward hinge point.

(b). The canopy is designed to semi-encapsulate the
pilot during normal ejection sequence. Alternate controls allow for
separate jettison of the canopy.

(5) Switchology

(a) General, With slight slack in the shoulder harness,
all switches and controls can be actuated by the pilot. If the shoulder
harness is locked in the fully-retracted position, the pilot has scme
difficulty reaching the forward left and right extremities, i.e., the
landing gear panel indicator light dimmer control. Placards for
switches loocated on the right vertical console are positioned above
each respective switch, while placards on the left are positioned below
each switch., This inconsistency is confusing to an inexperienced MIG-21
pilot and causes identification difficulty. Guards and covers for
switches and buttons are good.

; (b) Armament Switches, Controls, switches, and monitoring
lights for bombs, rockets, cannon, and missiles are located randomly
thrrughout the cockpit. Despite this scattered switch arrangement,
very little pilot action is required to set up the desired armament,

"Then converting from missile to gun attack, the pilot must reposition
the followings:

1. Missile - Cannon switch to cannon.,

~ , 2, Sight cage leve? - Uncage (this can be
accomplished by alternate use of the electrical cage function).
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(6) Instrument Panel

(a). Grouping of flight instruments is poor, as pilot
crosscheck requires total panel scan instead of localized scanning.
Mach meter, vertical speed, and turn indicator are positioned on the
right half of the instrument panel, and attitude indicator, airspeed,
altimeter, and compass are on the left. Engine instrument grouping is
good. The engine monitoring gages (tachometer, EGT, oil pressure and
fuel totalizer) are located on the right lower half of the instrument
panel, Readability and interpretation of these instruments is good.

(b). Warning lights are poorly located and difficult
to interpret. The gear warning light is positioned on the lower left
panel; the marker beacon, nose cone, stabilizer ratio, and trim warning
placards are in the center panelj fire warning and other lights are in
the upper right portion of the panel. Dimness of the warning lights,
even at full intensity, causes interpretation difficulty. Color coding
is inconsistent throughout the warning/monitor indications and a
red colored telelite may or may not indicate a normal condition. The
monitoring and warning light system is adequate for providing vital
information to the pilot.

(7) Console and Pedestal, Controls and switches located on
left and right consoles and center pedestal were generally rated
good to fair, Identification and accessibility of switches on the
center pedestal was marginal because of the control stick position
which blocked the pilot's view, Left console switches were provided with
a gang bar to facilitate pilot actuation, Switches are arranged so that
the ON position is either a forward or upward movement of the switch
control, Pressure gages on the vertical side panels and forward
vertical instrument subpanels were difficult to interpret.

(8) Emergency Controls. Manual control of mnose cone,
stabilator ratio and intake shutters provides pilot override capadbility
for these normally automatic systems. ZImergency airstart and landing
gear controls are adequate, but require concentrated effort to actuate.
An emergency hydraulic pumping unit is incorporated for limited stabilatoer
control after loss of primary and boost system, This system is
manually selected by the pilot. Aileron control can be effected by manual
aotion if the boost system is lost.

(9) Stick Grip. Speed brake, gunsight electrical cage, and
trim armament fire buttons are located on the control stick grip. Actuation
of electrical cage when pressing the trigger is somewhat awkward but
does not necessarily limit the pilot's ability to operate the systems,
The brake handle arrangement is poor and represents antiquated design.

(10) Throtile Quadrant. Throttle controls were rated good
to fair. The positive lock lever for idle is good as inadvertent stop-
locking levers cause difficulty for the pilot because of the determined
effort required to engage and disengage afterburner power.
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C., FISHBED E Armament and Fire Control Systems

; (1) General, Poor forward visibility degrades the overall
effectiveness of the FISHBED E weapons system, The tracking index,
fire control systems, and armament can be effectively employed only
when the pilot r=tains visual contact of the target. Targetis were
frequently unobserved, or could not be visually spotted, caused by the sight
combining glass, the bulletproof glass slab, and the forward windscreen.

(2) sSwitchology. The overall cockpit switchology evaluation,
including armament and avionies controls, is presented in section 9b.
During air-to~-ground attack mission , the pilot generally has enough
time to position switches as requred. The air—to—air switchology require-
ments to initally set up the systems are more difficult and pilot '
actions are excessive, It is possible, however, to convert from
a missile attack to a gun attack with one switching movement.

(3) Gun, The NR~30, 30mm cannon is limited to a capacity
of 60 rounds, Gun rate of fire was not established; however, published
estimates are 850 rounds/minute, which provides for a total firing of
4.2 seconds, Estimated muzzle velocity is about 2,560 feet/second.
During gun fire, pipper jitter is excessive, about 20 mils, and tracking
correction during gunfire is not possible, Muzzle flash can be seen
during daytime oconditions from a range of 3 miles, Results of
air-to-ground attack on a bulldozer are depicted in Annex D, It is
estimated that 2 rounds of HEI impacted the wvehicle and rendered it
irrepairable. The bulldozer was in operational condition before this
attack, although the blade had been removed. No cannon malfunctions
were encountered during the cannon firing missions,

(4) Gunsights

(a) Manual ranging of the gunsight cannot be smoothly
and precisely performed. System hysteresis.and friction make it
virtually impossible to prevent overcontrol of the sight reticle
diameter size with the throttle twist grip.

(b) Pipper jitter during cannon firing is in excess of
20 mils,

(¢) Gyro drift when tracking air targets is excessive,
G loads greater than 2.5 cause the sight reticle to drift to a point
near the bottom of the sight combining glass, At very high G loads,
the sight reticle disappears entirely.

~ (4) Sight electrical caged function is sluggish and
slow to respond. During air-to—air tracking, it is necessary to hold
the electrical ocage button (on the stiock grip) until radar lock-on
occurs. The electrical oage button is poorly positioned and difficult
to actuate when preparing to fire the gun. ' ;

1-41




(e) Sight Depression Limit. FISHBED E over—the-nose
visibility restrictions limit the useful mil depression to 94 mils.
Large lead angles during air-to-ground attacks with bombs, gun, or
rockets are not available, It is not possible to depress the gunsight
in the gun mode of operation as may be required for ground attack
at long slant ranges.,

D. Desirable Characteristics Incorporated in the MIG-21F-13
FISHBED C/E Weapon System:

(1) General. The MIG-21F-13 clear-air-mass, day fighter/
interceptor was introduced into operational Soviet units in 1960,
This weapons system incorporates several excellent design features which
are summarized in the following discussion. As future US tactical
fighter aircraft requirements are formulated, consideration should
be given to these desirable features and qualities of Soviet technology.
Extrapolation of Soviet 1960 state-of-the-art projeoted to the 1970
time period has significant impact on future US tactical fighter
requirements and desired capabilities.

(2) Simplicity. Maintenance requirements are minimized
by system design simplicity. Ground-handling equipment includes
only that required for servicing fuel, lubricant, oxygen, and high
pressure air, Filler ports are easily accessible and reservicing time
is minimal. Access hatches to facilitate maintenance are numerous and
specialized heavy equipment is not required for routine support and
maintenance of the MIG-21F-13, Attachment 1, Annex B, summarizes the
maintenance discrepancies that developed during this l02-sortie
evaluation. For ocomparative analyses, Attachments 2 and 3, Annex B,
summarize those noted for participating P~4D project aircraft, Pilot
cockpit tasks are minimized by engineering simplicity of airoraft
systems. Thke pilot is not required to devote excessive time and
attention to monitoring airocraft systems, He then is afforded the
luxury of devoting maximum attention outside the cockpit to evaluate
~a developing air situation, Ease of system operation, simple cockpit
procedures, and minimum system monitoring enhance pilot performance
during a tactical engagement.

(3) Size. The small frontal area provides a low probability
of visual or radar detection of the MIG-21 in a head/tail—on aspect,
The MIG-21 pilot can use the quality to his advantage for reduced
detection during patrol or attack., After initial visual detection of
the MIG-21, it is necessary to "padlock" or remain visually fixed on the
airc-aft to prevent losing contact, US tactical aircraft of comparable
gize are the F-104 and F-5,

(4) Light Weight, Operational weight of the FISHBED C/E,
contimired vith €0 rounds of 30mm ammunition and two ATOLL missiles,
is 16,25C pounis, Although not demonstrated, it is possible\to cperate
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the MIG-21 weapon system from soft runways, i.e., snow, dirt, sod, etc.
Tire consumption rate is comparatively low and 50 landings are normally
available from main gear tires., During this evaluation, one set of tires
accumulated 53 landings and could probably have been extended to 60,

(5) Cockpit Environments

(a) Seat, Aircrew seat positioning of the MIG-21 enhances
the pilot's ability to sustain high G loads., Because of the semi-reclining
pilot posture, with legs slightly elevated, blood pooling in the lower
body extremities is reduced. This results in pilot ability to function
more adequately under high G conditions. Figure 1-4 depicts MIG-21
aircrew position as compared to that in the F~4, F-104, and F-105.

(b) Seat Restraint. A ratchet assembly adjacent to the
seat armrest provides the pilot with a means of tightening the restrain:
harness to a high tension., This tightening process can be accomplished
quickly with one hand, a feature not incorporated in any present tactical
fighter aircraft.

(¢) Zjection System, By semi-encapsulating the pilo*
with the canopy during ejection, high speed bailouts are possible without
serious nilot injury., The syrtem is designed to operate at speeds up to 595
knots at sea level and up to Mach 2.05 at altitude. From all indications,this
ejection system is extremaly effective and reliable, Figure 1-5 illustrates
the ejection system sequence.

(d) Armor. The MIG-21 pilot is protected by armor plating
as indicated below:

Headrest : 68 inches thick
Rear plate .63 inches thick
Front plate «4 inches thick
Glass shield 2.5 inches thick

Review of all available gun camera film indicates that, although the MIG—?l
has a tendency to explode when hit by cannon/missile fire, the pilot eJjects
successfully in most cases. Effectiveness of this armor plating contributes

to the high pilot survivability rate.

(e) Armament (Cannon). The lethality of the 30mm cannon
was demonstrated during a simulated ground attack mission. The target -
for the strafing attack was a standard, US manufactured bulldozer. The.
bulldozer was rendered inoperative and irreparable after being hit with
two round of 30mm HEI ammunition, - The 20mm cannon used by U.S. tactical
fighters would not have caused a comparable degree of damage.
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FIGURE 1-4
MIG-21 PILOT POSITIONING




1. THE PILOT SQUEEZES THE ARMREST TRIGGERS, ACTU-
ATING THE FIRING MECHANISM FOR THE SHOULDER
‘HARNESS AND THE SEAT EJECTION.

2. AFTER SEAT MOVES 1.8 INCH, THE DROGUE CHUTE FIRING _
MECHANISM IS ENGAGED, DRIVES OUT THE CANOPY PLUG
AND PUSHES OUT THE CHUTE.

3. THE SEAT ENGAGES THE: CANOPY COVElI'NG THE PILOT.
THE TIMING MECHANISM STARTS.

4. THE DROGUE TURNS THE SEAT FOR DECELERATION
- FORCES.

5. THE MAST WITH THE DROGUE CHUTE 1$ DISENGAGED
AND THE FRONT CANOPY LOCKS RELEASE.

6.  THE CANOPY 1S TURNED UP AND DISENGAGED
FROM THE SEAT. PILOT RESTRAINT LOCKS ARE
RELEASED. :

7. PILOT'S CHUTE OPENS AUTOMATICALLY AT
13,100 FEET (4000 METERS). -

FIGURE 1-5
EJECTION SEQUENCE

(s-Gp-3)
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() Head Up Display. The followins information is
presented to the 17IG-21 -nilot in the form of a head up display:
target radar lock-on, target in range, over-G condition for missile
launch and target breakaway (minimum range). Although lacking in
sorhistication, the presentation provides the !IG-21 pilot wizh
required informatinn in a manner which is simple and effective,

(g) Wheel Brakes, A three-wheel braking system has been
incorporated in the MIG-21 design. The nose wheel can be selected at
the pilot's option, This increases the total system braking energy
by 23%, After landing gear retraction, an automatic feature applies
the wheel brakes to prevent rotation while in the wheel wells.

(L) Yavigation Lights. Individual navigation light
bulbs are cooled by bleed~off airflow., This cooling procedure has
the effect of prolonging the life of a bulb and reduces failure,

(1) Zngine:

1, Smoke Trail. At the start of this evaluation,
the MIG-~21 produced no tell=-tale black smoke trail from the engine at
any power setting. This quality was extremely noticeable during the
evaluation, as in many instances, visual detection of the MIG-21 was
possible only by acquiring the smoke trail of the US chase aircraft
in close proximity, then by restricting visual search to the immediate
area, A vivid contrast of comparative engine burning qualities was
apparent as the F-4 and YIG-21 aircraft operated in close formation.

The dense black smoke trail produced by most US engines is an operational
handicans Soviet *echnology has eliminated this serious problem.

2. Airstart. The airstart system incorporates
an autonomous oxygen supply and is designed to be capable of restarts
up to 39,000 feet. Tnough oxygen is available for four to five
airstarts at 30-seconds duration each. During the starting cycle,
aviation gasoline is supplied from a special tank, A significant
increase in relight capability has been gained with little weight gain
or comnlexity.

(i) Aircraft Finish., A protective finish, which has the
appearance of a lacquer coating on the aireraft skin, prevents corrcsion
as well as greatly lowering the manhours required to keep the aircraft
clean.

(x) Stability and Controls

1., Aircraft speed stability requires little control
stick force or movement as aircraft speed is. increased throughout the
operational speed range, Very little stabilator trim is required as
airspeed changes throughout the operational range of the aircraft. This
requirement for minimum trimming is advantageous to the pilot, as it
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simplifies precise tracking during airspeed changes, i.e., dive bomb
runs, air-to-ground cannon attack, etc,

2. Static and dynamic longitudinal stability is
positive throughout the airecraft subsonic speed range. There is no
tendency for the MIG-21 to porpoise or overshoot an initial trim
condition when disturbed in the longitudinal mode, and stability can be
described as "deadbeat." This quality is apparent throughout the
subgonic speed and altitude range of the aircraft and is achieved
without the aid of an artificial pitch damping subsystem, i.e., rate

gyros, viscous damper, etc,

3, Excellent performance of the MIG-21 has been‘
gained by effectively optimizing the airframe and engine combination,




ANNEX A
TACTICAL MISSION SUMMARIES (U)

(s-¥FD) ROTEs 1In this Annex, the KIG-ZH’-B is referred to as the "Test ‘ |
Airoraft,"




s

Mission Nr: 1 ,
Datet 8 Feb 1968
Flight Duration: 0:30

CONFIGQURATION s

(S=NFD) Test Aircrafts Clean with empty centerline pylon
Primary Chase: F-4D, with MAU=-12, pylons, stations 2, 8

EVENTS

(C) Ground evaluation, start, taxi, takeoff, climb to 10,000 feet,
acceleration comparison, afterburner and engine response, aircraft
maneuvering qualities, slow speed handling characteristics, avionics
and sight system analysis, low approach, full stop landing.

MISSION SUMMARY/COMMENTSS

(C) EZngine response is poor during taxiing and engine checks, Wheel
brakes are fair and steering is difficult with differential braking.
Wheel brakes would not hold during run-up at full power. Acceleration
on takeoff and stabilator effectiveness on rotation was good, Landing
gear would not retract until the third recycle attempt. Trim change
during gear retraction is slight. Aircraft has a slight sink during
flap retraction, Speed brakes are poor and fairly ineffective and
aileron control is very sensitive at low speed, Adverse yaw is very
pronounced during low speed maneuvering, Tne afterburner will not
‘ignite until engine speed reaches 100%, Airframe buffeting is encountered
about 550 KIAS and as power is reduced the buffeting stops with
deceleration, ‘

(S) During maneuvering flight, a nose lightening and slight dig~in
occurred at about 5.5 Gs, accompanied by high airspeed bleed off, Stick
forces are medium to heavy. Stall approach is accompanied by mild
buffeting and wing rock, At 140 KIAS, recovery was effected as the
left wing dropped. During acceleration from low speed, the intake suck-in
doors close with a noticeable bang., Below 200 KIAS in the traffic
pattern, the aircraft feels sensitive to controls,

(S-NFD) During acceleration checks at 10,000 feet with the F=4D
chase aircraft, the F~4 had superior performance throughout (300 to 400
KCAS) in military power. Afterburner acceleration checks from 300 to
550 KCAS demonstrated that the F=4D could maintain a wing formation
position and had excess power available to separate from the test
aircraf+t, As 550 KCAS was reached, the test aircraft terminated the
acceleration because of severe buffeting, :

(S-NFD) Level flight deceleration with speed brakes is equal to
P-4 speed brake decelerations however, when idle power is used, the F-4
decelerates more rapidly. ‘

1-49




Man Nr 1

(C) Slow speed maneuvering requires good piloting technique
because of wing rolloff and adverse yaw characteristics, Visibility
through the forward windscreen is poor and targets generally are
acquired at 3 to 5 NM range.,

(C) If afterburner is selected by throttle being moved into
afterburner range from any position less than full military RPM,
ignition is delayed until the engine accelerates to 100%. No
afterburner puff was apparent during AB operation at 10,000 feet and
below, and engine smoke was not apparent at any time,

(C) Rearward visibility is restricted by canopy so that the pilot
can see only about one foot of each wing tip.
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Vission Np: 2
Dater 11 Fed 1968
Wllght Duration: 0:35

CONFIGUR. t

(S-NFD) Test Airorafts Clean with empty centerline pylon
Primary Chases F-4D, with MAU-12 pylons, stations 2,8

_LVENTS:

(S) Ground evaluation, start, taxi, run-up, military power takeoff,
climb to 5,000 feet, stabilize on ,88 IMV and start check climb to 30,000
feet holding .88 IMN, level acceleration check in military power from

.8 to .96 I'N, afterburner acceleration check at 30,000 feet from .8 to
1,2 IMN, supersonic handling qualitites, avionics investigation, offensive
maneuver on chase F-4 at 15,000 feet and 450 knots, letdown, land.

MISSION SUMMARY/COMMENTS:

(S) Visibility during taxiing is fair and idle power will maintain
a good taxi speed once aircraft is moving. Some intermittent braking is
required to hold a comfortable taxi speed. Wheel brakes are still marginal
and steering is difficult., Brakes will not hold during run-up at 100%
power, - Best technique on line-up before takeoff is to engage nose wheel
brake after turning onto the runway, then apply brakes firmly after
obtaining the desired heading, Rudder was effective about 450 KIAS and
gear retraction was normal, Little pi:ch change with gear retractlon and
slight sink is noticeable with flap retraction,

(S NFD)  Level-off was accomplished at 5,000 feet and .88 IITT and 275
liters of fuel had been used since starting the takeoff roll, Climdb was
initiated at .88 IMN at 5,000 feet with 1,975 liters of fuel and 3.4
minutes later, level-off was made a* 30,000 feet MSL. TWuel used during
the military power climb was 100 liters. Control response during climb
was good and very little trim action was required to hold the ,88 IIT
climb schedule, Over-the-nose visibility was fair and climb attitude
was about 10 degrees. Speed brakes are not very effective for decelerating.
During military power acceleration from ,86 IMN ‘o Vmax, 140 liters of
fuel were used in 1,9 minutes, Final Mach number stabilized at .95
indicated and 370 KIAS at 29,300 feet indicated altitude, Afterburner
acceleration from .8 to 1.2 IMN at 30,000 feet was accomplished in
1.2 minutes and with 300 liters of fuel. Supersonic handling qualities
were good and adeguate roll and pitch is available. Gunsight radar
would not indiocate lock-on although amber power light was illuminated,
During high side attack on the chase F-4D, sight pipper was loose and
tracking was very diffioult., A very pronounced engine harmonic: zone
was apparent during letdown with 78-80% power. Speed brakes should be
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Msn Nr 2

used in the traffic pattern to allow use of higher engine rpm so
the power delay effect is minimized. It is difficult to reach the
switches in the forward corners with a locked shoulder harness,

(S~NFD) The F-4D chase aircraft had no difficulty maintaining
close chase position with the test aircraft during the military power
climb to 30,000 feet. The F-4D used 400 pounds of fuel during the
climb. Excess power was available and the F=-4D could accelerate away
at any point during the climb, During the military power level
acceleration check at 30,000 feet, the F-4D maintained close formation
with 95% power, Less than full afterburner was required to maintain '
position during the afterburner power acceleration from .8 to 1,2
IMN. The test aircraft produced a noticeable white puff as after=
burner was ignited and terminated,

(S-NFD) The F-4D executed a hard turn during the test aircraft's
simulated attack, Angle-off was about 20 degrees and closure rate
was 100 knots and it was possible to maintain a position inside the
F-4's turn. Visual detection of the test aircraft is extremely difficult,

1-52




Mission Nrs 3
Date: 12 Feb 1968
Flight Durations

0:40
co TION3
(S=NFD) Test Airoraft: Clean with empty centerline pylon‘
Chase F4D: MAU-12 pylons, stations 2, 8
F105Ds Clean

SVENTS:

(S-NFD) Ground evaluation, start, taxi, takeoff in 4/B power,
rendezvous with F-4D for zoom comparison, zoom in military power at

30 ‘degrees flight path angle to 300 KIAS, rendezvous with F~105D for

acceleration comparison at 15,000 feet, military power acceleration
300-450 KIAS, A/B acceleration 450-550 KIAS, high speed, high side

"attack on F-105 at 15,000 feet, tracking capability, avionics check,

maintaining offensive position, let’ down, full stop landing.

MISSION SUMMARY/CQMMENTS:

(S-NFD) Start, taxi, and takeoff were normal, although the gear had
to be recycled before it retracted., Zoom maneuver started with 528 KIAS,
10,000 feet, and 1,890 liters of fuel, and terminated at 25,000 feet,

250 KIAS, and 1,800 liters of fuel., During the zoom the F-4D was able
to stay in formation with 92% power, ‘

(5-NFD) Rendezvous with F-105D at 15,000 feet was accomplished and
military power acceleration check was made from 300-450 KIAS. Fuel
used during the acceleration was 50 liters and elapsed time was 1.3
minutes., Afterburner acceleration check was accomplished from 450 KIAS
to 530 KIAS. An offensive attack on the F-105D was set~up by positionins
the test aircraft on a perch at 25,000 feet, Descending attack was
made, accelerating to about 1.1 in minimum afterburner and cycling 4/3
as necessary to stay below the buffet speed. Offensive position was
maintained through F-105 defensive maneuvering and the attack was broken
off for another set-up, A high side attack was again initiated from
25,000 feet with the F-105 at 15,000 feet and 450 KIAS. The test
aircraft remained in an offensive position again throughout the F-105D
defensive maneuvering. It is difficult to retain wvisual contact with
the target at less than 3 miles range and excessive concentration is
required. The test aircraft feels good and solid when tracking at 6 Gs.
The gunsight radar did not indicate a lock-on during either attack
so tracking was in caged sight mode.

(S-NFD) The F-105 pilot indicated that visual detection of the
test aircraft was extremely difficult, head/tail—on. Acceleration check




Man Nr 3

in military power indicated little performance difference in the two
aircraft. Due to A/B ignition delay on the afterburner acceleration,
the F-105 initially started to separate. After the test aircraft
obtained afterburner light-off, the acceleration performance appeared
equal to the F-105D, During defensive maneuvering, the F-105 pilot

had a tendency to overestimate the range to the test aircraft because

of its very small size. A 4'G level turn by the F~105 into the attaoker
did not produce an overshoot and a level break turn in afterburner
power only resulted in excessive airspeed bleed-off for the F-105.

(S-NFD) The second attack by the test airoraft was initiated at
25,000 feet, The F-105 accelerated to .9 IMN at 15,000 feet and started
a descending hard turn as the attacker called missile launch, terminated
A/B and continued a high G roll underneath., Visual contact was lost
during this roll and effectiveness of the maneuver was compromised,

The test aircraft remained in an offensive, tracking position throughout
the F-105 defensive maneuvering. During the attack, the test aircraft
attained 7 Gs while remaining in the offensive posture. The test
airoraft produced a very notioceable afterburner puff at altitudes

above 15,000 feet when engaging and disengaging the afterburner.




Mission Nr: &
Datet 18 Feb 1968
Flight Duration: 0145

CONFIGURATION

(S)Test Aircrafts Clean with empty centerline pyloh
F-4D Participants MAU-12 pylons, stations 2,8
F-4D Chase: MAU-12 pylons, stations 2,8

EVENTS:

(S) Ground ochecks, start, taxi, aferburner power takeoff, military
power climb to 20,000 feet at .9 IMN, level defensive maneuvering
against high speed, high side attack by 4D, defensive maneuvering
and wings level afterburner power zoom, offensive maneuvering for
photo analysis, simulated flameout approach to landing, full stop
landing :

MISSION SUMMARY/COMMENTS s

(S) Taxi and takeoff were normal although several recycles were
necessary before the gear would retract, Military power climdb to
20,000 feet at ,9 IMN was made and rendezvous was effected with F-4D
for defensive combat maneuvering.,

(S) The test aircraft stabilized at 20,000 feet, .9 IMN, for the
first attack, The F-4D initiated the attack from 25,000 feet and
accelerated to 1,2 IMN with an initial TCA of 30 degrees, Missile
envelope was achieved by the F-4D and simulated missile launch was
called, The test aircraft turned into the F-4 and continued attempting
to negate the attack, The F-4D closed into gun envslope, itracked the
test aircraft with 6.8 G, and was not forced to overshoot,

(S) The second maneuver's initial conditions were established
similar to the first., The F-4D attacker accelerated to 1.2 IMJ
during the initial situation at 30 degrees TCA. Reversal was made
as missile envelope was reached and TCA decreased to about 10 degrees.
Tracking required 7 Gs and the test aircraft generated a hard turn
into the attack and caused an oveshoot, As the F~4 overshot high and
outside the test aircraft, visual ocontact with the F~4D was lost and
the third maneuver was set=-up.

(S) Initial conditions for the third maneuver were the same as
previous attacks. At missile launch range, the test aircraft started
a level 3 G turn into the attacker and increased to 5.5 Gs. The
attacking P~4D was forced to overshoot and both aircraft execu*ed
a w1ngs -level zoom,
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(S) Conditions for the fourth maneuver were established with the
test aircraft initiating an attack on the F-4. The F-4D defender was
stabilized at 15,000 feet and Mach .9, The attack was started by the
test aircraft at 25,000 feet and 450 KIAS from a high perch position.

A simulated missile launch was called at 1.5 miles range and the F-4
executed a hard turn at 3 Gs increasing to 7 Gs. An overshoot resulted
and the test aircraft was forced outside the turn and pulled high. The
test aircraft attempted to pull back down and inside the F~4 to continue
offensive maneuverings however, the F-4D reversed as the overshoot
oocurred and set up a scissors type maneuver. Maneuvering was
terminated before the engagement progressed to low speed scissors,

(U) The test aircraft returned for simulated forced landing
pattern and full stop landing.

(S) By using afterburner modulation, speed brakes, and G load for
airspeed control, the F-4D sucessfully maintained an offensive posture
during the first attack, With similar initial conditions on the
second offensive engagement, the P-4 did not reduce power during the
attack and was forced to overshoot high and to the outside of the
test airoraft., Poor rearward visibility from the test aircraft caused
loss of visual contact with the attacker and subsequent maneuvering
for an offensive position was not possible,

(S) As an overshoot was generated on the third engagement, the F-4
pilot called for a wings~level zoom to be executed. With about equal
flight conditions at entry into the zoom maneuver, both aircraft per—
formed a maximum performance zoom in afterburner power. It was
determined that the F-4 attained 2,000 - 3,000 feet more altitude than
the test aircraft and could have maintained an offensive posture.

(S) Defensive maneuvering by the F-4 during the last engagement
caused the test aircraft to overshoot. A 7 G, nose high reversal by
the F-4D permitted attainment of an offensive posture. Radar lock=-on
indications were not obtained by the test aircraft during this attack,

¢ &




Migsion Wrs 7
Dates 19 Feb 1968
Mlight Durations 0:30

CONFIGURATION s

(S)Test Aircraft: Clean, with empty centerline pylon
Participants:
P-4D Nr 1: MAT-12 pylons, stations 2 and 8, missile launcher
AND ATIY-4D TDM
P-4D ¥r 2: MAU-12 pylons, sta‘ions 2 and 8, LAU-7/A m15511e
launchers and 4/AIur9B missiles,

m nh
TSI

(3) Ground checks, start, taxi, afterburner power takeoff, mili‘ary
power c¢limb to 15,000 feet, offensive maneuvering with two F-4D aircraft
at 15,000 feet, IR signature documentation, reversal charactsristics,
straight-in simulated flameout landing approach, full stop landing.
InsIoT °"“J'ARY[C"?IT£’JNL£

(3) Start, taxi and ground checks were normalj however, i' was
necessary to recycle the gear handle before gear retraction occuarred.  The
first attack was head-on a* co-~altitude with the F-4D's at 16,000 feet,
.9 I, The F-4 formatinn wis spread, simulating two elements. As
visual contact was obtained, the test aircraft initiated a level turn
toward the F-4's and pailed to about 7 Gs, attempting to achieve a
rear hemisphere position on the Nr 2 F-4 who was low. Both F-4's
started turning toward the test aircraf*, using maximum power, Nr 2
F- executed a climbing turn and Nr 1 F-4 turned down (split plane
" maueuvering). As the %est aircraft attempied %o achieve a kill
position on the Nr 2 P-4, lead F-4 rolled high, executed a "yo-yo"
and closed to gun kill position while tracking the test aireraft. The
test aircraft was unable to track lr 2 P-4 at any time during the
engagement.,

(S) The second engagement was initiated with the test aircraf+* in
offensive posture and the F=4's in fighting wing formation, a+* 1¢,000
feet and ,9 T'N., During the high side attack, the test aircraft selected
the wingman (r 2 P~4) and pressed the attack. F-4 lead called for a
split and started a climbing turn as Nr 2 F-4D turned down in a high G,
full power spiral. The attacker was able to track initially, but
could not match the F-4's performance through the spiral, and because
of energr lest could not track., Lead F-4 turned in behind the test
aircraf+, clcsed to 1,000 feet while tracking, and achieved a kill,

(3) T™he third engagement started with the test aircraft initiating
a high side attack, once again with the two F~4's a*t 1€,000 feet, .9 II77
in element forma*ion. The attacker closed from 4 o clock to 4,000 feet

’
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range as the F-4 element maneuvered into a hard right turn., The
attacker was tracking in a lead pursuit ocurve with 3.5 (38 as F-4

Nr 1 initiated a defensive split. As the split occurred with F-4

Nr 2 descending, the test aircraft changed his attack to F~4 Nr 1,

As the range decreased to about 2,000 feet, F-4 Nr 1 performed a hijh
G roll underneath and caused the attacker to overshoot, Lead F-4

(Nr 1) then reversed and became offensive as the test aircraft was
foroed into the forward hemisphere.

(S) As the test aircraft returned for a simulated flameout
approach, IR tone signatures were recorded by AIM-4D and AIM-9B
missiles, A malfunction in the AIM-4D prevented discernible tone
shift at cooling. The AIM-9B tone was good on the test aircraft and
there was no appreciable tone difference in the test aircraft and -
the F-4D chase aircraft. :

(C) A straight-in, simulated flameout pattern was performed by the
test aireraft, followed by a full stop landing.




iagd Nrs 8
- Datet 19 Feb 1968
Flight Durations: 0:35

" CONFIGURATION

(S) Test Aircrafts Clean with empty centerline pylon
2/P-105D: Clean

EVENTS ;

(S) Ground evaluation, start, taxi, takeoff, military power climb
to 10,000 feet, acceleration checks in military and afterburner vower
with F-105D defensive maneuvering at 16,000 feet, offensive maneuvering
defensive vertical maneuvering, photo documentation, simulated flameout
approach, go-around, full stop landing.

VISSION SUMMARY/COMMENTS:

(3) The acceleration check was performed at 10,000 feet in military

power from 400 to 500 KIAS. As the test aircraft reached 500 KIAS,

the F-105D was indicating 494 knots and was about 300 feet behind, 3peed

brakes were extended to compare deceleration performance and it was

immediately obvious that the F-105 was superior. Afterburner acceleration
‘ check was started at 400 knots and terminated about 500 KIAS. Again,

the acceleration performance of the two aircraft was very close, with

a slight margin in favor of the test aircraft., This check was performed

with a fuel wieght of 5,500 pounds for the F-105, amd 2100 liters (3723 1b)

in the test aircraft,

(S) Engagement number 1 for the mission was set-up with the test air-
craft in a defensive posture at 16,000 feet and .9 IMN. The element of
F-105D's initiated a high speed attack from 6 o'clock. A simulated missle
launch was called at 6,000 feet range and the test aircraft entered a
4 G turn. The attackers continued closing for a gun attack to 2,000 feet
range, All aircraft were operating in afterburner power and the test
aircraft increased the turn rate to 5 Gs, The attackers were forced into
a slight overshoot and elected to disengage by performing an unloaded
acceleration, The F-105's reversed, unloaded, and accelerated away as
the test aircraft attempted a high G reversal. Visual contact with the
attackers was lost and .their separation was successful.

(3) The second engagement was initiated with the test aireraft in
an offensive mode., The two F-105D aircraft were in formation, simulating
a strike force element, at 15,000 feet, 450 KCAS. The attacker closed
on the F-105 element from 5 o'clock with about a 100 knot closure ra-e,
As the test aircraft closed to missile range, the F-105's started a
hard right turn and split, with the wingman descending and the lead
climbing. The attacker pressed for the low aircraft (number 2), who

; 1-59
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engaged afterburner and inoreased the G load to maximum, The attacker
maintained a 6 o'olock position on F-105 number 2, but could not track

- smoothly, The lead M™105, through split plane maneuvering, was able
to effect a "yo-yo" and attain a lethal gun position on the test airorafi
and maintained the offensive posture for an effective kill,

(S) The last engagement was performed with the test airoraft in
defensive posture at 16,000 feet and .9 IMN. F-105 element was positioned
directly astern at 6,000 feet range for a simulated missile launch., As
thie launch was called, the test aircraft entered a full power, 3.5 G,
climbing spiral., The F-105 element could not match the turn-climb
performance and would have dissipated energy to an unacceptabdle .level,

The engagement was terminated.,

(8) Photo documentation was accomplished as the test airoraft positioned
for a simulated flameout approach. The approach was performed at
250 KIAS, then 350 KIAS, as a steeper descent to a point 1.5 miles short
of the landing runway was established. Flare was started at about 1,000
feet for the low approach.

(U) A go-around was executed, followed by a full stop landing.

(S) This mission demonstrated that the F-105, using a lag pursuit
attack, ocould press for a sucoessful kill if an initial offensive
advantage existed. The F-105's could separate successfully and could
use the high G break turn to negate an attack. F-105 level acoceleration
performance at 10,000 feet in military and afterburner power was
comparable to the test aircraft,
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Mission Nrt 9
Dates 20 Feb 1968
Flight Durationt 0145

CONFIGURATION

(S) Test Aircraft: Clean, with empty centerline pylon
F~105Ds AIM-9B, outboard stations ‘

EVENTS 3

(S) Ground evaluation, taxi, minimum afterburner, tekeoff, military
power climb to 15,000 feet, set-up head-on flight oonditions for air
combat maneuvering with F-105D, high speed attack on F-105 during dive
bomb run and attempt gun kill, attack F-105 at 15,000 feet from astern
position, record IR signature, perform simulated flameout approach
to landing, go-around, and full stop landing,

MISSION SUMMARY/COMMENTS:

(S) The first engagement was initiated with the test aircraft and
F-105 maintaining head-on track from long range (20 NM), Both aircraft
were established at 15,000 feet, .9 IMN. As both aircraft passed line
abreast with about .5 miles separation, each started a turn toward the
other, attempting to secure an offensive kill position. The F-105
accelerated to 1,02 in afterburner on the initial turn-in., After 180
degrees of turn had been completed, the test aircraft and F~105 were
still essentially in a head-on standoff, As the meneuvering progressed,
the test aircraft pilot momentarily lost sight of the F~105 and
reacquired the chase F-4 aircraft mistalenly, and oriented his ACM
on the F-4 chase, As this ocourred, the F-105 attained a kill position
on the test aircrafti.

(S) The sécond engagement was started with the test aircraft attack-
ing the F105 while it was on a simulated dive bomb attack. As the
F-105 pulled out of the 45 degrees dive bomb run at 580 KIAS, the test
aireraft acquired about 550 KIAS attempting to close to a lethal
range., Hard "jinking" action by the F-105 allowed the test aircraft
to close to gun range and track momentarily.

(S) The test aircraft was positioned astern the F-105 for a high
speed attack at 15,000 feet, As "missile away" was called, the F-105
initiated a 3 G turn to defeat the missile, The test aircraft continued
closing to gun range and tracked the F-105 briefly. The test aircraft
then rolled out of the tracking turn and attempted a lewvel separation
in afterburner power, The F-105 reversed his defensive turn and had
the capability to launch a missile a2t the separating sircraft.
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(S) IR signatures were documented by the AIN-9B equipped F-105,

Missile tone increases in pitch and intensity as the test aircraft
engages afterburner,

(U) A random simulated flameout pattern and low approach was
accomplished by the test airecraft and a full stop, normal landing was
made,

(S) High longitudinal stick forces reduce the test aircraft's
maneuvering potential at airspeed over 500 knots., If the P~-105 had
- elected to separate at an airspeed over 600 KIAS, it is felt tha*
this maneuver would have been successful, because of the maneuvering
and structural limit of the test airerafi, A straight-ahead acceleration
without violent "Jjinking" action may be a more appropriate separation/
defensive maneuver,




tdgsion Nrs 13
Datet 18 Feb 1968

—

light Duration; 0:40

CONFIGURATION:

(S) Test Aircrafi:s Clean with empty centerline pylon
FAD: MAU-12 armament pylons, stations 2,8

DVENTS:

(S) Ground checks, taxi, takeoff, military power climb o 10,000
feet rendezvous wi+th F~4D, comparative military power acceleration from
300 to 450 KCAS, maximum power zoom comnarison, unloaded maximum
power acceleration performance comparison, turn performance comparison
with P-4 at 35,000 feet and 20,000 feet, military power zoom comparison
DCM with F-4 at 20,000 feet, 400 KIAS, ACM with defensive F-4D at
10,000 feet, 400 KCAS, letdown, full stop landing.

MISSION SUMMARY/COLRENTS

(S) Acceleration performance of the test aircraft compared with *he
P-4D was investigated at 10,000 feet, Both aircraft stabilized line
abreast at 300 KIAS and applied £:11 military power while maintaining
level flight., The F-4D reached 450 KCAS after 38 seconds elapsed time
and the test aircraft required 51 seconds to accelerate to 450 KIAS.

(3) Zoom comparison was initiated at 15,000 feet, 8 I'M, in
afterburner rower with both aircraft line abreast, A standard pitch
rate was performed to achieve a 30 degree flight path angle climb, As
the zoom was terminated bv the tes* aircraft at 28,000 feet, 270 KIAS,
the -4 had attained 32,000 feet and indicated 300 KCAS.

(3) From 40,000 feet at 260 KIAS, both aircraft in line abreas+
position star%ed a maximum power, descending acceleration. A% 1.1
IMN, the F-4D accelerated ahead of the test aircraft and was 300 feet
in front at 1.2 IMI, A wind-up maximum performance *urn at 35,000

feet was initiated by both aircraft, which resulted in the fest aircraf+'s

attaining about 5.6G and rolling out after 360 degrees of *urn with
230 KIAS, The F-4 attained 6 G's initially and rolled out afier 360°
of turn with 300 KCAS. -

(S) Thile descending to 20,000 feet at .9 IID, another wind-up
maximim performance turn was accomplished. The test aircraf:t reached
6 G's initially, which dissipated to 3 G's as the airspeed bled off.
The P-4 attained 6,5 G's initially and bled off to 4 G's as the turn
progressed. Both aircraft rolled out of the turn simultaneously and
the P~4 had 80 KCAS more than the test aircraft.
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(S) A military power comparative zoom climb was performed sitarting
at 10,000 feet, ,9IMV. A standard 2.5 G pitch rate to 30 degrees flight
path angle was acoomplished with both aireraft line abreast, At
simultaneous zoom termination, the test aircraft at 19,500 feet had
300 KIASy the F-4D at 21,500 feet had 320 KTAS,

(S) ACM was initiated with the F-4D offensive. A high side pass
at 1,1 was started by the F-4 a%t 25,000 fee*, The test aircraft was
established at 20,000 feet, 400 KIAS. As the attack progressed to
missile range, the defender rclled into a 6 G, afterburner power turn.
By modulating speed brakes and afterburner, the F-4 attacker maintained
a oursuit curve without being forced into an overshoot.

(S) The second engagement was performed with the F-4D in a defensive
vosture at 10,000 feet, 400 KCAS., A high side attack was started by
+he test aireraft accelerating in afterburner <o about 500 KIA3. The
F-4 initiated a 3 G turn at missile launch, increased to 7 G's as the
attacker decreased range. The test aircraft was forced to the outside
of the turn and the F~4 rolled wings level and performed a vertical
zoom, As the zoom maneuver was started, the test aircraft attempted
to follow, but because of low airspeed, could not maintain a tracking
position behind the 4. The engagement was terminated,

(U) The test aircraf: returned to base, performed an idle letdown ~
with speed brakes extended, normal full stop landing. ‘




Mission Nrs 22
Dates 24 Feb 1968
Fligh tions 0135

CONFIGURATION ¢

(S) Test Aircraft: Clean with centerline pylon
4/F-4D

EVENTS ¢

(S) Ground checks, taxi, takeoff in minimum afterburner power, climb
to 23,000 feet while F-8 obtains IR documentation, establish track for
head-on engagement at .9 IMN, repeat set-up for similar engagement,
attack four F-4's from rear hemisphere at 20,000 feet, maximum IAS, photo
data, letdown to initial approach, full stop landing.

MISSION SUMMARY/COMMENTS:

(S) The first engagement was set-up with the flight track
established by the test aircraft at 23,000 feet, .9 IMV. The flight of
F-4's did not detect the test aircraft on radar during about 30 miles
of head-on convergence. The test aircraft visually acquired the f-4's,
converted to a rear hemisphere attack and completed a gun attack on
F-4 number 2, who had performed a hard turn at 5 G, After tracking
for several seconds, the test aircraft switched his attack to F-4 number
1, who had increased the hard turn to about 6.5 G's, Tracking of F-4
number 1 was accomplished by the test aircraft at about 6.8 G's maximum.
Airframe buffeting was experienced by the test aircraft at 15,000 feet,
520 KIASy however, power reduction eliminated the buffet, Turn
reversals were accomplsihed effectively at 170 KIAS by the test
aircraft, As F-4 element (numbers 3 and 4) obtained a rear hemisphere
position on the test aircraft, this engagement was terminated.,

(S) Similar initial conditions were set-up on engazement 2 and
the F-4's acquired the test airoraft simultaneously on radar and
visually at 2-3 miles, F-4 numbers 1 and 2 maneuvered vertically to
‘the rear hemisphere of the test airoraft who had not acquired the F-4's
visually, This engagement was terminated as the F-4's closed to lethal
gun range because of the inability of the test aircraft to visually
acquire the attackers.

(S) Initial conditions for the third engagement were established
by the F-4's in pod (ECM) formation at 20,000 feet, 450 XIAS. The
test airoraft, exeocuting a simulated GCI high-speed aittack from the
rear of the P-4 flight, closed to gun range on F-4 number 4., During
this closure, the test aircraft experienced light buffeting at 18,000
feet, 500 KIAS, end ebtained visual acquisition on the F-4's at
about 8 miles, F-4's performed =2 7C 3escending turn/break and the
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aircraft maneuvered into the vertical, rolled off, and back down on
F-4 number 4 for a gun kill, F-4's number 1 and 2 were able to effect
a sandwich maneuver and become offensive as the engagement terminated.

(S) Radar and visual search patterms proved to be inadequate during
this mission and further analysis is required, Vertical maneuvering by
the F-4's with superior zoom, and sustained G made it possible to gain
an advantage on thetest aircraft, Once the test aircraft is in a lethal
rear hemisphere position, a maximum performance break appears to be
necessary to negate the immediate attack., Support of second element
or wingman is necessary to insure survival against re-attacks, since
a low energy state exists after the maximum-performance, last-diich,
break maneuver,

(C) Limited visibility rearward from the test airoraft is a severe
restriction that should be capitalized upon.




Mission Nrs 25
Dates 25 Feb 1968

F;;gh: Durations 01335

CONFIGURATION :

(S) Test Aircraft: Clean with-smpty centerline pylon
F~-100D: Clean

EVENTSs

(S) Ground checks, taxi, takeoff in minimum afterburner, military
~ power climb to 15,000 feet, head-on engagement with F~100, .9IMN, rear
hemisphere attack on the F-100 at 15,000 feet, line abreast position
for ACM, letdown, full stop landing,

MISSION SUMMARY/ COMMENTS ¢

(S) After military climb to 15,000 feet, conditions for the first
engagement were established at .9IMN. A head-on flight path was set=-up
and after visual acquisition at 3 miles, each aircraft entered a maximum
performance turn. After 180 degrees, the test aircraft appeared to
~ have turned about 20 degrees more than the F-100. At the end of 360
degrees of F-100 turning, the test aircraft had gained a significant
advantage, Both aircraft were operating in afterburner power and
after the maximum.performance turn had lost considerable energy. 4
slow speed, turning situation was apparent and this engagement was
terminated, The test aircraft assumed ithe offensive mode for the
second engagement and initiated a high speed attack from the F-100's
rear hemisphere. Range was decreased through missile range and into
gun range as tracking was accomplished. The F-100 performed a hard
turn to negate the missile and maximum performance break to thwart the
gun attack, The test aircraft was forced to overshoot and the F-100
reversed as it -ocourred. A "yo-yo" was executed by the test aircraft
into the vertical and the engagement was terminated during this
temporary stalemate,

(S) Initial conditions for the third engagement were set-up with
the F-100 in an offensive posture and test airoraft at 15,000 feet,
450 KIAS. An attack was initiated by the F-100 from 6 o'clock with about
75 knots-élosure rate., Although the test aircraft performed a hard
turn in military power at missile launch, the F-100 continued to
maintain a steady closure while tracking. A "yo-yo" into the vertical
was exeouted by the F-100 to »revent an overshoot, which was followed
by a roll-off and further offensive positioning, The test aircraf+
lost visual contact with the F-100 &+ simulated missile .launch,

(S) The fonrth engagement was initiated with the aircraft in line
abreast position at 1.5 miles range., Vertical maneuvering was simul-
taneously initiated as each aircraft attempted to gain an offensive
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posture as the test aircraft executed an unloaded acceleration and
vertical zoom,

(S) The F-100, with an initial position advantage (rear hemisphere)
is capable of completing & successful attack on the test aircraft, However,
it is not capable of out-performing the test aircraft in a sustained
maneuvering engagement, An overshoot by the test aircraft can be obtained
by the F-100's performing a maximum performance break turn. Rear
vigibility restriction in the test aircraft is a significant tactical
disadvantage that should be exploited.




lission Nrs 27
Date: 26 Feb. 1968
Flight Durazion: 0:40

(S) Test Aircraft: Clean with emptiy centeiline pylon
F-111A: Clean

EVENTS:s

(s) Ground checks, taxi, minimum afterburner takeoff, military power
climb to 15,000 feet, rendezvous with F=111l and initiate a high side
attack, attack F~111 from abeam position at 15,000 feet, defensive maneuvering
with F-111 at 15,000 feet and attempt to become offensive, letdown,
full stop landing.

MISSION SULMARY/COIMENTS:

(3) Rendeztous was accomplished with the P=111 at 15,000 feet and
the test aircraft established conditions for a high side attack, The
test aircraft started the attack from the 7 o'clock position of the
F~111 and accelerated to 525 KIAS. Simulated missile launch was

: called at 1 to 1-1/2 miles and the F-111 started a moderate, descending
‘ ; left turn at 3-1/2 G's, Afterburner was engaged by the F~111 and after
: about 270 degrees of turn, the wings were swept to attempt high ilach
separation, Visual contact with the attacker was lost, The test
aircraft maintained a gun tracking position on the F=111 for about
30 seconds, and the F-111's separation maneuver was not effective until
reaching an airspeed above 560 KCAS, At this point, it was apparent
that the test aireraft could no longer maintain position, due to the
airframe buffet at high indicated airspeed, ‘

(3) Tor the second engagement, the F-111 maintainad 450 KTA3 a+
15,000 feet and the test aircraft set-up an attack from the 3 o'clock
position,  The atitacker sialected afterburner power and accelerated +o
525 KIAS during the initial pursuit. - Since the attack was oriented from
the right side of the F-111, the right seat pilot commanded the airplane,
He started a hard right turn and called for 16 degrees wing sweep. Due
1o cockpit confusion, the F-111 left seat pilot airerafi commander
interpreted the call as 60 degress and selec*ed the full aft position
on “the wings., ‘The test aircraft overshot due to the 70 deégrees TCA and
pulled into the vertical for a high "yo—-yo" maneuver. The F-1ll reversed
the +urn as the overshoot occurred in an attemp: to scissors the test
aircraft, Cloud conditions prevenited furiher maneuvering during this
engagement,

(S) Test aircraft flight conditions for the *hird engagement were
established at 15,000 feet, 450 KIAS. The F-111 initiated the attack

.
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4 o'clock position, co-altitude,.and accelerated to 1.1 II7T prior to
reaching missile range. A climbing, hard right turn in afterburner was
performed by the test aircraft and the F~111 closed to gun range,
selected 26 degrees wing sweep and momentarily tracked the test air—
craft at maximum gun range (3,000 feet). As the zoom maneuver pro—
gressed, the test aircraft achieved separation and the engagement was
terminated, WVinimum fuel was reached and the test aircraft returned <o
base for full stop landing.

(S) To generate an over shoot, the F-111 must initiate a maximum
performance turn while the attacker is out of gun range and immediately
effect separation by an unloaded acceleration at full power. t alow
energy state in a maneuvering engagement with the test airecraft,.the
?-111 is extremely wvulnerable, Poor rearward visibility and side-by-side
seating further degrade the F-11l1's air-to-air capability. If initially
in an offensive rear hemisphere position, the F-11l can effec* a missile
a*ttack and probably convert to a gun afttack. As the test aircraft
maneuvers vertically, the F-111 should attempt to separate,




Misgion Nrs 30
Dates 27 PFedb 1968
Flight Durations: 0:30

CONFIGURATION s

(S) Test Aircraft: Clean with empty centerline pylon.
-4E: Clean

TVENTS:

(S) Ground checks, taxi, takeoff in minimum afterburner power,
military power climb to 30,000 feet, establish track at 1.2 IMN for
head -on ACM with F-4E, repeat first engagement at 15,000 feet,

550 KIAS, scissors comparison at 20,000 feet, letdown, full stop
landing.

MISSION SUMMARY/COMMENTS:

(S) The first engagement was initiated with the F-4T and test
aircraft on opposing tracks at 30,000 feet, 1,2 IMN. Visual detection
for both aircraft occurred at about 4 miles range and simultaneous
turns were started toward each other, Initial lateral separation was
two miles and as the aircraft turned towards each other, the test
aircraft crossed the F~4 track at 110 degrees, Continued hard maneuvering
through a series of zooms, turns, and "yo-yo" resulted in the F-4E's
becoming defensive and the ‘est aircraft in a position for a gun kill.

(S) Initial conditons for the second enigagement were established
with each aircraft at 15,000 feet, 550 KIAS, on opposing flight tracks.
Visual detection was not obtained and each aircraft performed a
180-degree turn—around. During the turn, visual acquisition by the F-4E
was established and the F-4 "yo~yoed! high, turning toward the 6 o'clock
position of the test aircraft. The test aircraft did not acquire the
attacking F~4E due to the limited rearward visibility, and the engage-
ment was terminated with the F-4E in gun tracking range and position.

(S) A scissors comparison was accomplished on the third engagement
and both aircraft were initially establighed line abreast, co-speed,
20,000 feet, On the first tmrn in, the F-4E established a higher
climb angle than the test airecraft and gained an altitude advantage
as TCA was 90 degrees,  Two more reversals were executed and the
F-4E, maintaining an-offensive post:'re, attempted to track the test
aircraft for a gun kill, Energy dissivation during the tracking
attempt by the F-4, and a nose-high rolling maneuver by the test aircraft
‘resulted in the test aircraft's achieving an cffensive position in
the rear hemisphere of the F-4E, The F-4 fuel was 2,000 pounds,
significantly belew that required in a normal combat situation, Flaps
were not used, although afterburner was used intermittently. "Bingo"
fuel was called and all eireraft returned to base,
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(S) The test aircraf* demonstrated superior performanceé in the
high altitude engagement. It would have been to the F-4E's advantage
to force the flight %o low altitude, Rear visibility limitation of +the
test aircraft again was apparent as visual detection of the F=4 attacker
in the rear hemisphere is difficult. A slow speed scissors with ihe
test aircraft should be avoided. ‘




Mission Nr: 37
Date: 29 Feb 1968
Flight Duration: 0:35

CONFIGURATION

(S) Test Aircraft: Clean with empty centerline pylon
F4E: Clean

- EVENTS s

(S) Ground checks, taxi, takeoff in minimum afterburner power,
military power climb to 20,000 feet for head-on ACM with F-4E,
ACM at 15,000 feet with F-4E on head-on set-up, defensive maneuvering
with F-4E attacking from 4 o'clock at 15,000 feet, letdown, full
stop landing,

VISSION SUMMARY/COMMENTS:

(S) An opposing track with the F-4% was established at 20,000 feet,
1.2 TMN, Visual detection was obtained (no radar) as both aircraft
passed abeam at two miles range, Tach airecraft maneuvered into the
vertical and turned in towards each other. The F-4E achieved about
30° flight path angle, then turned down inside the test aircraft,
which pulled up to about 509, As the test aircraft topped the zoom
maneuver at a higher altitude, the F-4 continued turning toward the
adversary and pulled up again into the vertical as the test aircraft
unloaded and turned down into the F-4, Track crossing angle was 180°,
Two more zooms in the vertical were performed by the test aircraft and
each time, the F~4E maneuvered to achieve 180° of TCA. The engagement
was terminated with neither aircraft gaining an advantage.

(S) Head-on conditions were established at 15,000 feet, .95 IMN,
for the second -engagement. Maneuvering started as each aircraft
passed line abreast at 1 mile. The F-4E and test aircraft pulled into
the vertical and achieved about a 70° flight path angle. Floating
over the top of this zoom at 100 KIAS, the test aircraft lost visual
contact with the F-4 and turned in a direction which allowed the F-4
to roll into the rear hemisphere and assume a kill posture. The
engagement was terminated,

(S) The F-4E initiated a high side attack on the test aircraft
at 15,000 feet, 450 KIAS, for the third engagement. The F-4
accelerated in afterburner power to 1.2 IMN and at 3-4 miles range
with 70° TCA, atsempted a barrel roll attack which turned into
a high "yo-yo" and a rolloff., A turn into the attacker was initiated
by the test aircraft and the F-4 lost visual contact during the high
rolloff, An unloaded acceleration was accomplished by the F~4 +to
separate, As 1,2 IMN was obtaihed, the F-4E pulled up for a vertical
zoom at 80° flight path angle.
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The test aircraft in the rear hemisvhere outside of gun range could
not match the F-4's zoom performance. A slow reversal by the F-4
at the apex of the zoom set-up a relloff *o the blind cone of the
test aircraft. The engagement was terminated with the F-4% in a
lethal missile envelope., "Bingo" fuel was called and each aircraft
returned to base for landing.

(S) Vertical maneuvering by the F-4 must approach 90° to be
effective, Determined maneuvering toward the test aircraft's blind
cone instead of pressing for lead or pure pursuit appears to be
advantageous and should be investigated furiher.




Mission Nr: 39
Date: 1 March 1968
Flight Duration: 0:35

CONFIGURATIONS ' |

(S) Test Aircraft: Clean with empty centerline pylon
F-4Es MAU-12 armament pylons, stations 2 and 8, 2/AIM—9B missiles

EVENTS

(S) Ground checks, taxi, tekeoff in minimum afterburner, military
power climb to 20,000 feet, defensive combat maneuvering with F-~4E
initiating high side attack at 1.2 IMN, head-on engagement at 15,000
feet, 450 KIAS, defensive maneuvering at 15,000 feet, 450 KIAS, repeat
nrev1ous engagement letdown, land,

MISSION SUMMARY/COMMENTS s

(S) For the first engagement, the F-4E with two ATM-9B missiles (inert)
initiated a high side attack a*t 20,000 feet, 1.2 IMN., The test aireraft
maintained 450 KIAS until called clear to maneuver as the F-4E reached
missile range., At 3 miles range, the test aircraft initiated a turn
toward the attacking F-4. The F-4 performed a high, vertical barrel
roll inside the test aircraft and oriented the ACM toward the blind cone
of the test airoraft, The F-4 maintained an offensive position throughout
the engagement and was able to simulate a missile and gun kill.:

(S) The second engagement was a head-on, co-altitude set-up wt
15,000 feet, 450 KIAS. Maneuvering was started as each aircraft passed
line abreast, The test aircraft initiated a climbing turn and the
-4 performed a descending turn. = A head-on missile launch was possible
by the F-4 after 180° of turn in two instances, The engagement was
terminated after the test aircraft lost wisual contact with the F-4E,

(3) Initial conditions for the third engagement were established
at 15,000 feet, 450 KIAS, with the F-45 on a high perch for an attack.
4 descending turn toward the test aircraft was accomplished in maximum
tower, accelerating to 1.2 IlZ7. The attack was pressed to the rear
blind area of the test aircraft in a lag pursuit technique. The test
aircraft turned into the F=4 attacker and *he -4 executed a barrel-iype
maneuver, remaining on the inside of the turn generated by the ,
test aircraft, The F-4 was successful in closing to missile range
and subsequently to gun range for a tracking, simulated gun kill,

(S) The F-4E was again in the offensive mode for “the fourth engage-
ment and the test aircraft was established at 15,000 feet, 450 KIAS.
The F-4Z accelerated to 1,2 IMN and rolled toward the target, estab-
lishing a 60° TCA. The test aircraft was cleared to maneuver and
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performed a hard level turn into the attacker. To prevent an overshoot,
the F-4 pulled into *he wvertical and executed a barrel roll io the

outside, attempting to enter the test aircraft's blind area. Two rewersals
occurred and during each, the F-4 direcied the maneuvering toward the

test aircraft's rear blind cone. An offensive position was maintained

by the P-4 and a gun kill could have been achieved.,

(U) "Bingo" fuel was called, and all aircraft returned to base,

(S) The barrel roll attack appears to be successful if executed
toward the inside of the test aircraft., Lag pursuit, or orienting the
maneuvering toward the test aircraft's rear blind cone, produced
desirable results.
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Mission Nrs 40
Dgtes 1 Mar 1968
Elight Durations: 0135

CONFIGURATION

(S) Test Aircrafts Clean with empty centerline pylon
F-45: 11AU-12 armament pylons, siations 2,8 and 4/AIM-9B
missiles L

(S) Ground checks, taxi, minimum afterburner takeoff, military power
climb to 10,000 feet, rendezvous with F-4% for zoom comparison, defensive
maneuvering with F-4% at 20,000 feet, reveat at 15,000 feet, 450 KIAS,
head-on engagement and ACM at 15,000 feet, letdown, landing.

LISSION SULMARY/COMMENTS

(s) Comparative zoom performance was evaluated starting at 10,000
feet, .9 I!Z7, using full afterburner power. Both aircraft were
positioned line abreast and established an equal pitch rate to achieve
40° flight path angle. The test aircraft initiated zoom “ermina‘ion
at 250 KIAS, At the termination call, the F-4 had 2,000 feet higher
altitude and 280 KIAS.

(S) Ini*ial conditions for the first engagement were established with
the F-4 offensive and the test aircraft defensive at 20,000 feet, 450 KIAS.
An attack was started with the F-4 accelerating to 1.25 IMI and rolling
out toward the target with 500 TCA. Maneuvering by the test aircraft
was started as the attacker entered the rear blind cone. A high G
pull into the vertical, turning toward the direction of the attacker,
was performed by the test aircraft, The F-4E was forced to overshoot
and continued turning toward the test aircraft's rear hemisphere.

A TCA of 100° resulted as the test aircraft turned down and into

the attacker. A rewersal and continued maneuvering by the F-4 toward
*he target's blind cone resulted in the F-4's maintaining a rear
hemisphere position; however, a missile or gun attack was not possible
because of the excessive TCA. The ACM was terminated,

(3) Conditions for the second engagement were aircraft at 15,000
feet, 450 KIAS, defensive, F-4E initiating a lag pursuit attack from
8 o'clock., The F-4 oriented the attack toward a point 3,000-4,000
feet behind ithe test aircraft as a hard defensive turn was performed
into the attack, The F-4 executed a pull-up into the wvertical and
a barrel roll <o the outside of the tergei's turn., As the test aircrafit
pulled up wvertically and turned toward the attacker, visual ccntact
was lost with the F-4, Visual re-acquisition was obtained on the
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F-4 chase aircraft instead of the F-4E attacker and the engagement was
terminated,

(S) Head-on conditions were established for the third engagement at
15,000 feet, 450 KIAS. Radar contact was obtained by the F-4E at a
range of 7 miles and visual acquisition was obtained at 3 miles.
Maneuvering started as the test aircraft passed abeam each other and the
test aireraft pulled up to about 80° flight path angle, turning toward
the F~4E, and then descending. After 180° of turn by the test aircraft,
the P-4 had progressed through only 150° and the test aircraft gained
a slight advantage. Energy in the 6.5 turn resulted in airspeed
bleed-off to 310 KIAS for the test airoraft., The F-4, with 450 KCAS,
pulled vertical into a zoom maneuver. Unable to match the zoom, the
test aircraft was forced to recover at a lower altitude than the
F~4., A roll-off by the F-4 resulted in an offensive rear hemisphere
position with 30° TCA at 1.5 miles,

(") "Bingo" fuel was reached and all aircraft returned to base.
(S) The barrel roll attack produced desirable results and the lag

pursuit technique appears valid. Zoom performance of the F-4E and
clean test aircraft demonstrated superior F-4 capability. '




Mission Nr: 42
Date: 2 Mar 1968
Flight Durations 0:35

'CONFIGURATIONS -

(S) Test Aircraft: Clean with empty centerline pylon o
P=4D: MAU=12 armament pylons, stations 2 and 8, with'4/LAU-7
missile launchers, SUU-16 gun pod station 5.

EVENTS ¢

(S) Ground checks, taxi, minimum afterburner takeoff, military

power climb to 10,000 feet, rendezvous with F=4D, zoom comparison,

~ head-on ACM with F=4 at 15,000 feet, offensive maneuvering with F=4
at 15,000 feet, letdown, recovery.

MISSTON SUMMARY/COMMENTS:

(S) A normal takeoff and climb to 10,000 feet was accomplished
and rendezvous with the F-4D was made, The zoom comparison was
initiated at 10,000 feet, .9 IMN, both aircraft line abreast in
af terburner power., A pull=-up to 40° flight path angle was accomplished
and with full power the relative position remained the same throughout
the zoom,

(S) Engagement number 1 was set up with each aircraft in an opposing
flight path at 15,000 feet, 450 KIAS, Maneuvering was started as the
aircraft passed abeam at 1,5 miles, Each airecraft performed a descending
turn in maximum power which resulted in the F~4's gaining about 20°
after 180° of turn, The test aircraft experienced airframe buffeting
in the transonic regime, was forced to' reduce power slightly, and
after 360° of turn, the F-4 maintained a slight advantage, The
engagement was terminated,

(S) Engagement number 2 conditions were established with the F=-4
defensive at 15,000 feet, 450 KCAS, and the test aircraft initiating
an attack at 1,05 IMN with 30° TCA, Simulated missile launch was
called at 2 miles range and the F-4 performed a climbing turn in after—
burner power, The test aircraft closed to about 1/2 miles and tracked
the P-4 during the climbing turn. G load was increased to the maximum
by the F=4 at a 200 KCAS apex:and the test aircraft overshot, to a
position higher than the F=4, As the overshoot occurred, the F=4
unloaded and accelerated momentarily, then pulled into a climbing
turn toward the attacker, generating a 90° TCA. Continued maneuvering
toward the test aircraft blind cone resulted in the F-4 attaining
an offensive position in the rear hemisphere of the test aircraft.
Missile/gun kill was not obtained as the engagement termineted.

- (U) "Bingo" fuel was reacked by the tesi zircraft and recevery
was effected,
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(S) Airspeed bleed~off by the P-4 to a low energy level on the first
engagement was due to pilot misjudgment and the situation deteriorated
to defensive., F-4 airspeed during ACM should not fall below 450 KCAS.
Vertical maneuvering by the F-4 followed by roll~offs to the blind cone
of the test aircraft proved to be very effective.




Migsion Nrs 43
Dates 2 Mar 1968

Flight Durations 0140

CONFIGURATIONS

(S) Test Airoraft - Clean, with empty centerline pylon.
2/?-4E MAU-12 armament pylons, stations 2 and 83 4/AIM-9B‘missiles.

EVENTS3

(S) Ground checks, taxi, takeoff in minimum afterburner, military
power climd to 15,000 ft, converging track for engagement with F=4's at
450 kt, head-on set-up at 25,000 f£t, .9 IMR, offensive posture for high
side attack on F~4's, letdown, landing.

MISSION SUMMARY/COMMENTS:

(U) Normal takeoff in minimum afterburner and military power climbd
to 15,000 £t was accomplished.

(S) 1Initial conditiona for the first head-on engagement were estab-
lished at 15,000 ft, 450 KCAS. No radar contact was obtained by the F-4's
throughout the 40 mile converging track. Visual contact was not egtab-
lished and a 180° level turn was executed by the F=4's and the test air-
craft. During this turn-around, the test aircraft sighted the F-4's and
initiated an attack, closed to missile range on F-4 Nr. 2, overshot and
switched the attack to P4 Nr. 1. The F-4's were unable to visually
acquire the test aircraft until missile launch was called. F~4 lead then
called for a hard turn reversal as the test aircraft overshot P-4 Nr. 2.
After a series of vertical maneuvers, the test aircraft remained in an
offensive posture and the engagement was terminated.

(S) A converging flight track was set up for the second engagement

with the test aircraft at 25,000 f£t, .9 IMN, and the two F-4E's at 15,000
and 20,000 simulating two elements in fluid four formation. P-4 Nr, 1
achieved a radar lock on the test aircraft at 15 miles and turned toward
the target. A climbing attack into the test airecraft was performed by
both F-4's and after several oycles of vertical "yoyo's'", both F=4E air-
craft{ were in the rear hemisphere of the test airoraft. Nr. 1 F~4 ob=-
tained an auto radar acquisition at 3,500 £t and closed to gun range.

(S) The third engagement was initiated at 15,000 ft with the test
aircraft in the offensive and initiating the attack from an abeam posi-
tion of the F~4 element. At 3 miles range, TCA of 60°, the F-4's turned
into the attacker. A defensive split was performed by the F~4's as the
attacker closed to 3-4,000 ft range. F-4 Nr. 2 started a high G descend-
ing spiral and F—4 Nr. 1 pulled into a climb while waiting for the
attacker to become committed to one target. Test aircraft elected to
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pursue the descending F=4 Rr. 2 and F~4 Rr. 1 reversed down and effected
a sandwich with the attacker. After 360Y of turn, the test aircraft and
F-4 Nr. 2 maintained a 180° TCA and P=4 Nr. 1 was able to sandwich and
achieve a missile and gun kill position on the test aircraft.

(C) "Bingo" fuel level was called by the test aircraft and it re-
turned to base for a normal landing.

(S) Radar detection was successful in the second engagement as the
test aircraft was 5000 £t higher than the F-4's providing a look-up aspect.
The defensive split was successful as the subsequent sandwich achieved a
kill. During the high G defensive spiral by F-4 Nr. 2 in the split, the
test aireraft was unable to achieve & tracking solution. The auto radar
acquisition was used with success; however, to be more useful, the effec-
tive range capability of this mode should be expanded to 5 miles.




Mission Nri 44
Dates 3 Mar 1968

Flight Durations 0350
CONFIGURATION

(S) Test Airoraft -~ Clean, with empty centerline pylon.
4/F-4D-MAU-12 armament pylons, stations 2 and 83 4/ATM-9B mismiles.

EVENTS1

~(S) Ground checks, taxi, minimum afterburner takeoff, military pow=
er climb to 25,000 ft for head-~on set-up with F~4's, repeat head-on set-
up at 20,000 ft and ACM, high side attack on F-4's and ACM, letdown,
landing.

MISSION SUMMARY/COMMENTSS

- (8) After a normal takeoff and climbto 25,000 ft, the test aircraft
set-up an opposing flight track with the F~4's. Lead F-4 element was
establighed at 15,000 £t and M~4's Nr. 3 and 4 were positioned in fluid
four formation at 18,000 f£t, .9 IMN., During the 30-mile convergence,
radar contact was not obtained by the F-4's (3 radar sets were operable).

(S) All aircraft reversed their flight path and another converging
situation was established. The test aircraft descended to 20,000 ft.
Radar contact was established at 12 miles by F~4 Nr. 3., P-4 Rr. 1 then
acquired radar lock-on at 9 miles, as Nr. 3 initiated an acceleration
for visual identification. P-4 lead performed a slight "Jjink" turn for
additional separation, and turned toward the target as the ID was accomp-
lished by F~4 Nr. 3. loss of radar contact by F~4 Nr. 1 prevented a mis-
sile attack, and a close~in visual engagement developed. The test air-
craft attempted to achieve an offensive position on the high element
(F~4's Nr. 1 and 2); however, when it became apparent that it was goingto
require maneuvering into the vertical to a very low airspeed, the test
airoraft attempted to disengage by an unloaded acceleration to maximum
airspeed. The engagement was terminated.

(S) The next engagement was initiated by the test aircraft at
25,000 ft, attacking the flight of F-4's at 15,000 £t in fluid four for-
mation. Rolling in from 8 o'clock to the F-4's, the test aircraft de-
scended, orienting the attack on the high F-4 element (Nr. 3 and 4).
Afterburner was engaged by the F=4's as they performed a hard turn toward
the attacker. An overshoot caused by the test aircraft being unable to
match the F-4's turn rate occurred, and the F-4's reversed appropriately.
The test aircraft then pulled up into a vertical zoom attempting to posi-
tion on P~4's Kr. 3 and 4. This zoom resulted in the test aircraft dissi-
pating airspeed, and at a very low energy level, maneuvering ability was
marginal. F-4's Fr. 3 and 4 were able to achieve an offensive position
during the roll-off. The engagement was terminated with all four of the
F-4D's in the rear hemisphere of the test aircraft.
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(s) The search pattern used on this particular engagement was brief-
ed ass XNr. 1 and Kr. 3 radar operator search from slightly below the
horizon to above the horigon in map B mode. Nr. 2 and Nr. 4 radar opera-
tors in radar mode were to overlap their search areas; however, their
primary responsibility was visual scan. The visual coverage was to be
standard as published in current tactical manuals. The visual coverage
proved successful on the second engagement. Visual contact was acquired
at the initiation of the attack and was never lost throughout the engage~-
ment. The F-4 elements did not maneuver in the same relative plane after
the ACM was started. One element climbed and one element descended and
through a series of high speed or energy-maintaining turns (at least 450
KIAS), the entire flight of four was able to position to the rear hemi~
sphere of the test aircraft and obtained missile shots and gun tracking
solutions. During the engagement the opportunity developed for the F-4's
to dive toward the dlind area of the test eircraft. This resulted in
offensive positioning by the F=4's.

All aircraft returned to base for recovery.
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Jhasion Nr: 45
Dates 3 Mar 1968

Flight Duration: 0:35

COVFTGURATION s

(S) Test Aircraft - Clean, with empty centerline pylon.
4/F-4D's - MAU-12 armament pylons, stations 2 and 83
4/ATN-9B missiles.

&)

:

o

- (S) Ground checks, taxi, takeoff in minimum afterburner nower;
military vower climb to 25,000 ft, head-on ACM with F-4's, abeam
attack and ACM at 15.000 ft, reneat, letdown, full stop landing.

MISSION SUMMARY/COMMENTS:

(S) The test aircraft established an opnosing flight track with
the 4/F-4's at 25,000 ft, .9 N, Fluid four formation was maintained
by the F-4's at 15,000 and 18,000 ft, 450 KCAS. F-4 Nr 4 obtained
radar lock-on with the test aircraft at 21 miles range. F-4 Nr, 1
locked on the target at 18 miles and initiated an acceleration for
visual identification., Positive identification was made at 3 miles
range by F=-4 Nr, 1 and the element was cleared for the attack.

Minigum range prevented F~-4's Nr. 3 and 4 from missile launch and

Nr. 3 started to maneuver for a gun kill, F-4 leader and wingman,

after the visual identification, maneuverad directly into the

vertical (Immelmann) and achieved a 6-mile trail position on the

test aircraft. The test aircraft turned into F~4's Nr, 3 and 4

and a descending Lufbery develoved for two 360° turns, followed by a
vertical "yo=yo". During the "yo-yo", F=4 Nr., 3 closed to a gun tracking
vosition by performing a roll-off and the engagement was terminated.

(S) The test aircraft initiated an attack from 3 o'clock to the
four F-4's on the second engagement. Flight conditions for the F-4's
were 15,000 ft, 450 KCAS. The attack was oriented toward the high
element , F=-4's Nr, 3 and 4, and a turn was started toward the attacker,
Afterburner was selected by the lead F~4 and wingman as the null-up
intn a climbing turn was performed, A hard turn executed by the Nr, 3
and 4 did not negate the attack, and the test aircraft closed for a
missile launch. During the turning maneuver lead P-4 and wingman closed
to a gun range and tracked the test aircraft for an 8-second veriod.
This engagement was terminated,

(S) For the last engagement, the test aircraft initiated an
attack on the F-4's in fluid four formation at 15~18,000 feet, 450 KCAS.
The attacker crossed over the lead F-4 element to close on the high,
trailing F=4's Nr, 3 and 4, Lead element turned toward the test

1-85
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aircraft and achieved a rear hemisphere position, but could not obtain

a missile or gun kill, Nr 3 and 4 F~4's did not visually acquire the
attacker, but performed a defensive hard descending turn at the direction
of F-4 lead, The test aircraft followed the descending F-4's briefly

and achieved a gun—tracking position, but due to excessive airspeed
dissipation in the high G turn, was foroed to overshoot., ACM was
terminated, A letdown and normal full stop landing was then accomplished,

(S) The technique of maintaining 450 KCAS minimum in a descending
defensive break in full afterburner, then maneuvering in the vertical
after the test aircraft has lost energy and maneuvering potential,
appears to be wvalid, Mutual support with coordinated element maneuver—
ing proved to be a decisive factor.




Mission Nr: 46
Date: 3 Mar 1968
Flight Duration: 0:45

CONFIGURATTON:

(S) Test Aircraft - Clean, with emnty centerline pylon,
2/F=4D's - MAU-12 armament pylons, stations 2 and 83
4/AIV=9B missiles.

DVENTS s

(S) Ground checks, taxi, takeoff in minimum afterburner, military
power climb to 25,000 ft. for wvisual identification and attack on F-4
element, repeat, letdown, normal landing.

MISSION SUMMARY/COMMENTS

(S) Normal takeoff and climb to 25,000 ft was accomplished and
rendezvous was made with the 2/F-4D participants. The F=4's in
normal element formation (wingman slightly low, 15-30° aft, out 1,500
ft) at 15,000 £t, 450 KCAS, initiated defensive maneuvering as the
attacker rolled in at 4 o'clock, 3-4 miles range., A descending turn
into the test airoraft was performed which resulted in a 180° TCA.

As the test aircraft and F~4's passed. the F=4's continued the
descending turn, the pulled nearly vertical (90° flight path angle).

A zoom maneuver was also executed by the test aircraftj however, the
resultine apex was 1,000-2,000 ft lower than the F-4's and maneuvering
airspeed was dissipated., A dive towards the attacker's blind area

put the F-4's in an offensive rear hemisphere vosition. Further
maneuvering, as the test aircraft set-up a high G spiral then a
vertical zoom, resulted in the F-4's closing the 2,500 ft range for

a simulated gun kill, This engagement was terminated,

(S) Similar initial conditions were established for the second
engagement, and the attaoker closed on the F-4's froma 3 o'clock
vosition, Turning hard right, the F-4 element passed the attacker
with about a 180° TCA. After passing abeam the test airoraft, the
F-4's initially started turning level toward the test aircrafty however,
the level turn was reversed and a hard climbing chandelle was performed.,
Visual contact by the test aircraft and the F-4's was lost, and
the F-4's sevarated at 1.3 IMN. The engagement terminated.

(U) Due to low fuel state, all aircraft returned to base for
Trecovery., ‘

(S) The F-4 element was successful in converting a defensive
gituation to an offensive posture by meintaining a high energy level
and maneuvering in the vertical, Wingmen were able to maintain a good

. fighting wing position throughout the maneuvering. Wken a disengage-
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ment was desirable, the high-speed, low—-altitude separation was
executed successfully.




Mission Nrs 47
Dates 4 Mar 1968
Flight Duaration: 0:45

CONFIGURATION:

(S) Test Aircraft - Clean, with empty centerline pylons.
2/F-4E - MAU-12 armament pylons, stations 2 and 83 4/AIN~9B
missiles,

EVENTS:

Ground checks, taxi, takeoff in minimum afterburner power, climb
to 30,000 ft in military power, set-up head-on track with F-4's for
radar passes, head-on setup for ACM at 35,000 ft with 2/F—4E's operating
as two elements, defensive maneuvering at 20,000 ft with element of
F-4's attacking from perch positions, letdown, full stop landing.

MISSION SUMMARY/COMMENTS:

(S) The first two passes were head-on with 40 miles initial
separation. Positive radar identification and radar lock-ons by both
aircraft were accomplished at 15 miles. The altitude separation was
about 2,000 ft. The third pass was a 90° abeam radar detection pass.
Radar ocontact was acquired from this beam area at about 40 miles; however,
‘radar lock-on was not maintained and the wrong target was attacked by
the lead aircraft. The Nr. 2 F-4 maintained lock on the proper target
from 15 miles range until passing within 4 miles of the target.

(S) The test aircraft was difficult to aocquire on radar head-on,
even knowing the target's altitude and aspect. Narrow scan and Map B
mode was used the majority of the time. The beam contact wae; of course,
a better radar return. The first maneuver accomplished was a head-on
pass at 35,000 ft with the 2 F-4's acting as independent elements.
‘Maneuvering started as the aircraft passed line abreast, and the F-4
acting as lead element pulled into the vertical plane, while the Nr,
2 P-4, maintaining fluid four formation, turned down. The test aircraft
initially pulled up and then dived toward descending Nr, 2 P-4, The Nr.
2 F-4 performed defensive turns, using 450 KIAS as a minimum airspeed,
The high energy turns produced two head-on passes, (180° TCA), with the
test aircraft as it attempted to press the attack toward the low
descending F-4. The lead P-4 (Nr. 1) subsequently sandwiched the test
aircraft and was in a missile envelope shortly after 180° of turn.
Nr. 1 F-4 maintained this envelope until the engagement was terminated.

(S) The next engagement &t 20,000 f{, was conducted with the F—4
established on a perch at 4 miles range. The F-4, as a fighting element
cleared the test aircraft to maneuver as the attack waes initiated,
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A TCA of about 150° resulted, and the F-4's pulled into the vertical
and exeouted a barrel-roll attack. A high TCA was produced, and
vertical Lufbery-type maneuvering ensued. As the flight descended,
the test aircraft was reducing TCA on the F-4 wingman (Nr, 2) without
positive advantage being gained by either adversary.

(S) The test aircraft bas superior turning capability at 35,000
ft; however, it lomses airspeed while attaining a small turn radius.
The F-4, by forcing the flight to low altitude and maintaining a high
energy level, will eventually gain an advantage. With a supporting
element, an advantage cans quickly gained, as the attacker is forced
to become committed on one element, leaving the other free to maneuver
offensively. A The ability of the test aircraft to depart the area once
the initial attack is started is only effective before hard maneuvering
and subsequent loss of airspeed.
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Migsion Nrs 48
Dates 4 Mar 1968
Flight Durations 03150

CONFIGURATION

(8) Test Airoraft - Clean, with empty centerline pylon.
2/F-4E's ~ MAU-12 armament pylors, stations 2 and 8; 4/AIM-9B

missiles,
BVENTS

(s) Ground checks, taxi, minimum afterburner takeoff, military power
climd to 30,000 ft, head-on convergence with 2 F-4's for radar signature,
repeat, 90° beam radar detection by F-4's and ACM, head-on engagement
at 20,000 ft, letdown, full stop landing.

MISSION SUMMARY/COMMENTS:

(S) After normal takeoff and climb to 30,000 ft, a head-on track was
established from 40 miles toward the converging F-4E's for radar detection
analysis, Flight conditions for the F-4E's were established at 28,000 ft,
«9 IMN. Radar detection range for both F-4's occurred at 22=-25 miles,
and full system lock-on was acquired at 1% miles.,

(S) The second pass resulted in radar detection of the test aircraft
under similar flight conditions at 22 and 20 miles range. Lock-on was
acoomplished by P-4 Nr. 2 at 15 miles and visual detection occurred at
3 miles range. F-4 Nr. 1 achieved lock-on at 3 miles range.

(S) Conditions for the third pass were established with the test
aircraft on a 90° TCA with the F-4's at a range of about 30 miles. The
90° beam radar detection was achieved at 25 miles by F-4 Nr. 2 and lock-on
ooocurred at 15 miles., Scope difficulties in the rear cockpit of F-4 Nr.
1l precluded full system lock-on, although detection occurred at 15 miles,
Element lead was assumed by F-4 Nr, 2, who pressed for the kill., The
test aircraft entered a descending turn as missile launch was called by
‘P-4 Nr. 2. Visual detection of the F-4 attacker by the test aircraft
did not oocur. Defensive maneuvers, including a high G spiral and
vertical zoom, were performed by the test aircraft, but two simulated
missile launches were called by the F~4 before the engagement ended,

(S) The next engagement was initiated at 20,000 ft, .9 IMN, with
the F-4 element and test aircraft converging from 30 miles range. Heavy
black engine smoke allowed the test aircraft to acquire the F-4's
visually at 15 miles range, while the P-4's achieved visual oontact
at 5 miles, After passing abeam, ACK was started. The test aircraft
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pulled up into a slicing, maximum-performance turn, and the F-4's
performed a hard descending turn in element formation (fighting wing).
After 270° of turn, the P-4's had reduced the TCA to about 45° and it
was possible to simulate an AIM-9 launch. Vertical maneuvering by

the test aircraft d4id not negate the offensive F~4's attack, and 2 more
simulated missile launches were called. The engagement was terminated
and all aircraft returned to base for landing.

(S) Radar detection of the test aircraft in a head-on aspect will
probably not occur beyond 20 miles. Beam aspect will increase this
expected range slightly.

(S) Determined effort by the F-4's to maintain airspeed above 450
KCAS as much as possible, and maneuvering into the vertical produced
successful results., By performing lag pursuit attacks and maneuvering
toward the blind area of the test aircraft, a kill position can normally
be achieved., The F-4's can control the engagement through energy
management, vertical maneuvering, lag pursuit, or high speed separation.




Mission Nrs 50
Dates 7 Mar 1968

Flight Durations 0350
CONFIGURATION

(S) Test Aircraft: Clean with empty centerline pylon.
"~ F-~105Ds

EVENTSs

(S) Ground checks, taxi, takeoff in minimum afterburner power,
military climb to 20,000 ft for rendezvous with F-105, RHAW analysis
during oannon/missiln radar ranging mode, establish head-on ACM at
15,000 feet, 450 KIAS, repeat at 10,000 feet, letdown, full stop landing.

MISSION SUMMARY/COMMENTS:

(S) After level-off at 20,000 feet, 450 KIAS, a head-on converging
flight track was established with the F-105. ACM was not performed as
APR-25 operation with test aircraft's X-band range-only radar was
investigated. At a range of about 5 miles, head-on, the F-105 obtained
a 3-1/2 ring strobe on the APR-25, X-band range-only lishts, ani very
loud audio. The second pass by the test aircraft was oriented from
8 o'clock to the F-105 and at 4 kilometers (missile mode), the F-105
APR-2%5 equipment indicated a 3-1/2 ring strobe, X-band range - only
light, and audio. Several similar passes produced the same indications.
When operating in cannon mode, the X-band radar of the test aircraft
produces an 18 degree, vertically-polarized beam and APR-25 indiocations
do not ocour until range is reduced to less than 3 kilometers., Miseile
mode employs a horizontally-polarized, 6 degree beam, :

(8) Flight conditions for the first maneuvering engagement were
established with the F-105 and test aircraft at 15,000 feet on opposing
‘head-on flight paths. Maneuvering for offensive positioning started
as the aircraft passed line abreast at 1 mile range. The F-105 was

visually acquired by the test aircraft at 5 miles range. Initial airspeed

of the F-105 was 500 KIAS and as maneuvering started, a descending
acceleration in afterburner power was accomplished., At 550 KIAS, a ;
hard level turn toward the test aireraft was performed, The test aircraft
initiated a climbing 6=1/2 G turn toward the F-105, maneuvering into the
‘vertical and rolling off toward the rear hemisphere of the F-105.
Continuing the hard, level turn, the F-105 estimated that the test
aireraft would be forced to overshoot if a high G roll were executed.

At 300 KIAS, the F-105 executed a high G roll, attempting to force the
overshoot. The overshoot did not occur, since the test aircraft was

at a maximum cannon range and had maneuvering potential to negszte the
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overshoot. At the completion of the F-105's high G roll, a reversal

by the test aircraft resulted in obtaining steady tracking for a simulated
cannon kill.

(S) Similar initial conditions were established at 10,000 ft for the
second engagement. The firat maneuver by the F-105 as the aircraft
passed abeam was a hard climbing turn towards the test aircraft. TCA as
the aircraft passed was 180 degrees. Both aircraft performed climbing
turns resulting in a classic slow speed scissors as each attempted to
reach an offensive position. As airspeed dissipated, the test aircraft
continued to improve its offensive position. Minimum airspeed during
the scissors was about 200 KIAS for the F-105 and 160 KIAS for the test
aircraft, The engagement was terminated and each aircraft returned to
base, '

(S) Mutual support, high airspeed, and low altitude should be
advantageously employed by the F-105 when maneuvering with the test
aircraft. If the engagement posture deteriorates to defensive
maneuvering, the F-105 should separate at high speed. Separation can
be accomplished successfully if the initial airspeed is high (450 KIAS).
If airspeed has been dissipated to a low energy level during a
scissoring type engagement, attempted separation by the F-105 will
probably not be successful. Below 300 KIAS, the test aircraft, with
its superior turning capability, will gain the advantage.




Mission Nrs 53
Dates 9 Mar 1968
Flight Durations:s 0340

CONFIGURATION ¢

(S)Test Airoraft: Wing pylons, 2/AIM-9B missiles, empty centerline
nylon o
F-4Dt MAU-12 armament pylons, stations 2 and 8, 4/AIM-9B
missiles, camera vod. ‘

EVENTS s

(S) Ground checks, taxi, minimum afterburner power takeoff, military
power climb to 20,000 feet, rendezvous with F-4 military power acceleration
check, afterburner power acceleration check at 25,000 feet, stability
investigation, handling quality analysis, letdown, full stop landing.

MISSION SUMMARY/COMMENTS$

(S) After military climd to 20,000 feet, rendezvous was effected
with the F=4D for acceleration vperformance comparison. Both aircraft
stabilized in line abreast, close formation at 19,700 feet, 224 KIAS,
and simultaneously applied full military power. The following table
depicts simultaneously-recorded airspeeds. This acceleration check was
terninated as the test aircraft reached 447 KIAS (1,500 liters fuel).

START : STOP
Test Aircrafts 224 300 350 400 430
F=4D: 224 320 370 425 450
Military 2 Minutes

An afterburner power acceleration check was performed next at 20,000
feet from 275-430 KIAS., Afterburner power was selected simultaneously
with the aircraft in line abreast, close formation. The following
airspeed conditions were simultaneously recorded:

START STOP

Test Aircraft: 275 324 350 380 400 430

P-4 275 360 380 410 430 460
Afterburner power applied 25 ‘seconds

(S) At 25,000 feet, the third acceleration check was accomplished,
With full afterburner applied simultaneously, the following conditions
were recorded:

;  START STOP
Test Aircrafts 280 350 400 460
F-4 280 370 440 480

Af terburner Power Applied 1 minute
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This acceleration terminated as the test aircraft experienced airframe
buffeting at 1,1 IMN, 510 KCAS.

(S) The F-4 demonstrated superior accelsration performance in
military and afterburner power up to 25,000 feet. The margin of
superiority decreased with an increase in altitude.




Mission Nr: 56
Date: 10 Mar 1968
Flight Duration: 0:40

CONFIGURATION s

(S) Test Airorafts Wing pylons, 2/AIM=-9B missiles, empty center-

line pylon
2/P-4Ds MAU-12 armament pylons, stations 2 and 8, 4/AIM~9B missiles

- EVENTSs

(S) Ground checks, taxi, minimum afterburner takeoff, military pow-
er climb to 20,000 ft, afterburner zoom check with F=4D, head-on set-up
at 35,000 ft, .9 IMN, for ACM with PF-4's, repeat at 20,000 feet, defensive
maneuvering with F=4's initiating high speed attack at 20,000 feet, let~-
down, recovery. S

MISSION SUMMARY/COMMENTSs

(8) Rendezvous was accomplished with the 2/F4D aircraft and initial
conditions established for a zoom comparison. At 20,000 feet, .9 IMN,
in line abreast spread formation, the test aircraft and one F~4D perform-
ed a pull-up to 40 degrees of climb in afterburner power. During *he ‘
zoom, the F-4 demonstrated a slight superiority and at termination, the
P-4 was 1,000 feet higher, with 20 knots of airspeed advantage.

(S) An ACM engagement was set up at 35,000 feet, .9 IMN, with the
R~4D's, simulating two elements, converging head-~on with the test air-
craft. As the test aircraft passed abeam the F-4's at 2-3 miles, a
descending turn toward F-4 number 1 (closest) was established. F—4 num-
ber 1 selected afterburner power and entered a descending turn toward
the test aircraft, producing a 180 degree TCA as the aircraft passed.
F=4 number 2 maneuvered vertiocally when it was apparent that the test
aircraft was descending. After about 270 degrees of turn, F-4 number 2
was in a rear hemisphere, missile launch position on the test aircraft.
Continued maneuvering through a series of turns and "yo-yo's" resulted
in the test siroraft's reaching missile launch parameters on F-4 number
1., P-4 number 2, meanwhile, had closed to a gun kill position. The
engagement wag terminated.

(S) For the second engagement, the test aircraft was established
at 20,000 feet, .8 IMN, and the F~4's, simulating two elements, were at
20,000 and 24,000 feet, .9 IMN. A head-on set-up resulted in the test
airoraft's passing F=4 number 1 with adbout 3,000 feet of lateral separ-
ation. F-4 number 1 pulled up to 90 degrees of pitch, topping at 37,000
feet, 110 KCAS, and rolled off toward the test eircraft's 6 o'clock
position. F=4 number 2 pulled into a 30 degree olimbing turn and was
able to roll intoc 8 rear hemisphere position. Due to the . low initial
airspeed of the test aircraft, it was not possible to maneuver vertically
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with the F~4's. A level turn was executed, during which visual contaot
was lost with both F-4's. Subsequent maneuvering by the test aircraft
was defensive and the engagement was stopped.

(S) Conditions for the test aircraft on the third engagement were
20,000 feet, 450 KIAS. The F-4's, in fighting wing position, initiated
an attack from 5 o'clock at 1.2 IMN. The test aircraft was cleared to
maneuver as the range reached 1.5 miles. At that time, a descending hard
turn was performed and the attacking F~4's pulled into a high "yo-yo" to
rrevent an overshoot. A descending "yo~yo" established the F-4's in the
teat airoraft's blind cone and gun'tracking was possible. The test air-
craft executed a maximum performance break turn and the F—4's were forced
to "ye-yo" high to the outside. A low speed "yo'yo" by the attackers
again resulted in a gun-tracking solution and the engagement ended.

(U) A1l aircraft returned to base for recovery.

(S) Vertiocal maneuvering by the P~4 after an initial turn has dis-
sipated the test airoraft's airspeed again proved to be successful. Lag
pursuit technique to become established in the blind cone is a prime con-
sideration and pilot discipline is required to sacrifice a questionable
pure or lead pursuit solution in favor of lag pursuit for improved offen-
sive positioning.

1-98




Mission Nry 68
Dates 15 Mar 1968

Flight Durations 0140
CORFIGURATIONS

(8) Teat Aircrafts Wing pylons with 2/AIM—9B missiles, empty
centerline pylon. :
RF-101s Clean

EVENTSs

(S) Ground checks, taxi, minimum afterburner takeoff, military
power olimb to 15,000 feet for rendezvous with RF-101, military power
- acceleration check, repeat with afterburner power, initiate attack from
rear hemisphere at 15,000 feet, repeat, letdown, recovery.

MISSION SUMMARY/COMMENTS:

(s) After a normal takeoff and climb, rendezvous was accomplished
with the RF-101 at 15,000 feet, and a military power acceleration check
was performed. Accelerating from 300 to 500 KIAS, both aircraft appeared
to have equal performance. Acceleration time was 1 minute, 40 seconds
through this speed range.

(8) At 15,000 feet, an afterburner acceleration check from 350-540
KIAS indicated slightly superior perfcrmance by the test airocraft. The
test alrcraft accelerated in level flight through this speed range in
1 minute, while the RP=101 required 1 minute, 4 seconds. ‘

(S) The first engagement was set up with the RF-101 at 15,000 feet,
440 KIAS (540 KTAS) and the test aircraft positioned at 6 o'clock for a
high speed attack. At 1 mile range, the test aircraft called missile
range and the RF-10l1 initjated a 3.5 G descending turn, unloaded, and
accelerated in the 30 degree dive to above 550 KIAS. One reversal was
made during this acceleration. The test aircraft was able to maintain
a tracking solution and close as the pursuit progressed below 8,000 feet.
As the test aircraft reached 530 KIAS, moderate airframe buffet was ex-
perienced and no further acceleration was possible. During the reversal
of the RF-101, the test aircraft cut—off on the inside of the turn and
closed momentarily; however, after rolling out of the turn, the range
increased steadily and the engagement was terminated.

(s) Similar conditions were established for the second engagement
and when missile range was called, the RF-101 initiated a descending
break turn, engaged afterburner, unloaded, and accelerated for defensive
separation.  During the bdreak turn, the test aircraft reduced range to
4,000 feet and was abtle to track throughout. As the RF~101 ceased turn-
ing and acce’erated in & etraight 60 degree dive, the separaiion increas-
ed steadily to teyound missile range and at termination of this ergagement,
the RF=-101 indicated 650 knots airspeed.
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(U) All aircraft returned to base for landing.

(S) BEigh airspeed by the RR-101 while operating in a MIG threat
area is very important and if an attack is detected while outside of
missile range, an unloaded acceleration straight away is effective. If
the attaocker closes to missile range, the RF=101 should rerform minimum
defensive maneuvering to negate the missile, descend to minimum altitude,
and attempt separation.

(s) Because of heavy longitudinal stick forces above 500 KIAS, the
test aircraft cannot achieve a high pitch rate. This makes the pilot re-
luctant to enter steep descents at low altitude while aocelerating to the
buffet limit. The fear is that once a steep dive is established and high
airspeed is attained, control power may not be sufficient for recovery
before ground impact.




Vission Fr,: 72
Date: 18 Mar 1968

Plight Duration: 0:35

CCUPICURATION:

(S) Test Aircraft: Wing pylons with 2/AIM—9B mizsiles, empty center-
line pyleon
?~105D: Clean

psypottgsH

(S) Cround checks, taxi, takeoff in minimum afterburner, military
power climb to 15,000 feet, rendezvous with F~105 for APR-25 analysis,
afterburner acceleration check, attach P-105 from rear quarter at 15,000
feet, defensive maneuvering with F-105 attacker, letdown, normal landing,

ITSSION SUMMARY/COLMENTS:

(S) Rendezvous with the F-105 was accomplished at 15,000 feet and
analysis of APR-25 capability was started, Vith the test aircraft
~operating in missile mode, radar locked on the F-105 at 2,5 kilometers
from the rear hemisphere, At lock-on, the F-105 APR-25 indicated 1-1/2
ring strobe at 6 o'clock, siteady audio, and X Band range only light.

As the range decreased to 1,5 kilometers, a 2 ring strobe was produced,
Radar of the test aircraft continually broke lock at 3 kilometers when
6 o'clock to the F-105,

-~ (3) Steady lock-on at 3,2 kilometers in missile mode produced: APR-25
1—1/2 ring strobe, steady audio, X Band range only light, In all cases,
the test aircraft produced a low-pitched chirp on the F-105's APR-25
audio, .

(S) An afterburner power, level acceleration performance check was
performed at 15,000 feet, Both aircraft stabilized in line abreast
formation at 300 KIAS, simultaneously selected afterburner power and
accelerated to 500 KIAS, There was little difference in dcceleration
performance of the F-105D and test aircraft,

(S) Initial conditions for the first engagement were established
with the F~105 at 15,000 feet, 450 KIAS, An attack was started by the
test aircraft, rolling in at 5 o'clock, from 3 miles range and accelera-
ting to 1,1 IMN, At missile range, the F-105 performed an unloaded
(1/2 G) acceleration to 1,1 IMN to achieve separation, Due to the Q
limit of the test aircraft, further closure was not possible, Maximum
attainable air speed was 540 KIAS in a 30 degree dive while attempting
to pursue the F=-105, Airframe buffet became severe and the test air-
craft was forced to reduce power and decelerate, After separating to
a range of 3,5 - 4 miles, the F-105 initiated a 6C degrees climbing
left turn, topping at 22,000 feet and 350 KIAS,  During this maneuver,
the test aircraft closed to 1/2 miles range, and moved to ths outside
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of the F-105's turn, anticipating a reversal and subsequent scissors
rmaneuvering, The F-105, however, did not elect to reversze, bdut
unloaded again in a maximum performance acceleration to 1,1 INN, This
defensive separation was successful and the engagement was terminated,

(S) The second engagement was set-up with the test aircraft in a
defensive posture at 15,000 feet, 450 KIAS, and the F-105 initiating
an attack from 18,000 feet, A descending turn by the F-105 was
performed in maximum power, accelerating to ,97 ILX while close on the
test aircraft, Defensive maneuvering was started as the test aircraft
performed a 6 G climbing spiral attemptirg to force an overshoot. The
F~-105 did not overshoot and succeeded in closing to gun range while
tracking., A cloud condition caused the test aircraft to terminate the
engagement,

(U) A11 aircraft returned to base for landing,

(S) The F-105D successfully performed a high-speed, low-altitude
spearation in two instances, If an attacker is detected at 2 miles or
more, or a high TCA occurs at close range, the F-105 can effectively
disengage and separate., ‘Then offensive, the F-105 using afterdburner,
speed brakes, and high G as necessary, was able to achieve a successful
kill on the test aircraft, Lag pursuit technique to the blind area can
be used advantageously, If the F-105 attacker attempts a prolonged
maneuvering engagement, it becomes vulnerable to follow-up attacks as
the offensive situation deteriorates due to loss of energy and maneuver-
ing potential,




Misgion Nrs 75
Dates 19 Mar 1368
Flight Durations 0140

CONFIGURATIONS

(S) Test Aircraft: 2/ATM-9B missiles simulating ATOLL
F-104: Clean

EVENTS:

(S) Military power climb to 17,000 feet, stabilize at 300 KIAS,
military power acceleration comparison from 300 KIAS to 500 KIAS,
full afterburner zoom comparison, initial conditions 450 KIAS, 18,000
feet, 3-1/2 G onset rate to 40 degrees pitch attitude, first maneuver
the F-104 defensive, 25,000 feet, .9 IMN, test aircraft making high
speed rear quarter attack; second maneuver, test aircraft defensive,
20,000 feet, .9 IMN, the F~104 making high speed hit-and-run attack
from rear quarter; third maneuver, F-104 defensive, 25,000 feet, .9
IMN, the test airoraft making a high spsed attack fromthe rear quarter
followed by a zoom maneuver; fourth maneuver was a high airspeed
180 degrees maximum performance turn comparison.

MISSION SUMMARY/COMMENTS:

(S) The military power acceleration check was set-up at 17,000
feet, 300 KIAS, side by side, not allowing the test aircraft's slow
engine response as a factor. The F-104, at the termination speed of
500 KIAS, was 2,000-3,000 feet ahead of the test aircraft, whose
termination speed was 490 KIAS. These results indicate the F~104
has a slight advantage in military acceleration.

(S) The zoom comparison began at 18,000 feet, 450 KIAS, rotating
at 3—1/2 G onset rate to 40 degrees of pitch in full afterburner power,
The F-104 gained about 2,000 feet advantage in this zoom maneuver, which
indicates that the F-104 is slightly superior under these tactiocal
conditions,

(S) The first tactical engagement began with the F-104 defensive
at 25,000 feet, .9 IMN, the test aircraft performing a rear quarter
attack with Mach .3 speed advantage. The F-104 was capable of cloging
to lethal gun range and two seconds of tracking with a subsequent
unloaded separation without the test aircraft being capadble of bringing
his offensive armament to bear upon the F-104. This confirms the kigh-
speed, hit-and-run tactics to be wvalid for the F-104.

(S) The third tactiocal engagement began with the F4104 defensive, at
25,000 feet, .9 IMN, with the test aircraft performing & high-speed,
rear quarter attack with Mach .3 speed advantage. The F-104 psrformed
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a break turn into the attack at 1.5 miles with a subsequent unloaded
desocending acceleration for separation. Once positive separation was
accomplished, the F-104 pulled into the vertical plane in an attempt
to gain an offensive position. This could not be accomplished,
although the test airoraft could not attain as much altitude, it was
able to maintain an offensive position and gain missile launch range
during the maneuver,

(S) A full afterburner acceleration check was then performed,
starting line abreast, 17,000 feet, 350 KIAS, accelerating to 550
KIAS, The F-104 gained about 1 mile longitudinal separation during
this check.,

(S) The final maneuver consisted of checking the maximum turn

capability of the F-104 and test aircraft starting at 550 KIAS, 17,000

feet, The test airocraft turned 180 degrees holding 6.5 G, bleeding

to 330 KIAS., The F-104, in the same time increment, turned 130 degrees

holding 6 G, bleeding to 500 KIAS.

(S) The results of the data obtained during this flight indicate
the followings

(1) The F-104 can separate or disengage when attacked by the
test aircraft by an unloaded, descending acceleration when the test
aircraft is detected at sufficient range. If necessary, a break turn
into the attack is sucocessful, followed by an unloaded acceleration

for ssparation, keeping in mind that above 595 KIAS will insure
separation below 15,000 feet.

(2) The F-104 should use high-speed, hit-and-run tactics
against the test aircraft.

(3) The F~104 should avoid prolonged turning engagements
with the test airocraft, especially at low airspeed.
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Mission Nr: 78
Date: 20 Mar 1968
Flight Duration: 0:40

\

\

’ |

CONFIGURATION |

(S) Test Aircraft - Wing pylons with 2/AIM-9B missiles; empty
centerline pylon.
B-66 = Clean.,

\
EVENTS 3 3

(S) Ground checks, taxi, takeoff in minimum afterburner power,
military climb to 30,000 ft, rendezvous with B-66, attack from rear
hemisphere and maintain offensive position, air-to-ground attack
with cannon firing, ™4 and F-105 radar analysis for signature of
test aircraft, letdown, recovery,

MISSION SUNIARY /COMMENTS s

(3) Rendezvous was accomplished with the B-66 at 30,000 ft, 450 KTAS.
An P-4D chase aircraft was positioned as escort and initiated a typical
weave pattern in the rear hemisphere of the B-66 at 2 miles range, .83
IMN, An attack was started on the B-66 by the test aircraft, accelerating

. to 1,2 IMN, As the attacker's range decreased to 2.5 miles with a

20° TCA, the F-4D excort aircraft called for the B-66 to initiate a
left break turn, The test aircraft pressed the attack to missile
and subsequently to gun range as the B-66 performed a descending
3 G spiral through 720° of turn. As the B=66 rolled out of the spiral
at 300 KIAS, the test aircraft was in'a 6 o'clock tracking position
at 1,500 ft range, During this maneuvering, the F-4 achieved a
lethal position on the attacker by crossing behind the test aircraft,
rolling to the outside, and closing to gun range. It was not possible
for the escort F-4 to negate the successful attack on the B-66,

(S) The break maneuver by the B=66 did not force an overshoot,
and the attacker had little difficulty mainiaining a tracking solution
throughout the defensive spiral. A steeper descending spiral (60°
dive) may have been more effectivej however, the B-66 is totally
dependent upon the P4 escort for survival, Visibility restrictions

- make it difficult or impossible to visually detect an attacker from
the B-66, and defensive maneuvering should be directed by the escort.

- (S) The test aircraft simulated an air—to-ground aitack, firing
10 rounds of HEI ammunition. '

(S) Radar signatures were investigaged with the P-4 and F=106
aircraft, Tail aspect lock—on was accomnlished, and the test aircraft
separated to 21 miles range before F=-106 radar break-lock occurred.

. . Lock-on was maintained by the F=4D (APQ-120) to a range of 23 miles,
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Head- on aspect lock-ons were normally achieved by the F-4 at 15 miles
range,

(U) "Bingo" fuel state was reached and all aircraft returned to
base,




Mission Nr: 81
Date: 21 Mar 1968
Flight Duration: 0:40

CONFIGURATION

(S) Test Aircraft = Wing pylons with 2/AIM—9B missiles, empty
centerline pylon,
‘ 2/F=4D - MAU-12 armament pylons, stations 2 and 8, with
4/AT¥~9B missiles.

EVENTS:

(S) Ground checks, taxi, minimum afterburner power takeoff,
military power climd to 25,000 ft, radar acquisition analysis head-on
with 2/%—4D's, gun fire, head-on engazement at 15,000 ft, repeat, letdown
recovery.

MISSION SUMMARY/COMMENTS:

(S) After leveling off at 25,000 ft, the test aircraft established
a head-on opposing flight track with the F=-4's, The F-4's were in an
element formation at 23,000 ft and F-4 Nr., 2 revnorted his radar as
. being inoperative. Radar contact was acquired by ™4 Nr. 1 at 25 miles
range and full lock-on was possible at 20 miles, Radar then became
inoperative on P-4 Nr, 1 and the test aircraft performed simulated
ground attack with live cannon firing,

(S) Conditions for the first engagement were established with the
F-4's simulating two elements in fluid four formation at 15,000 ft
and 18,000 ft, .9 IMN. The test aircraft set-up an opposing flight
track, co~altitude at .9 IMN, and started maneuvering as the air-
craft passed line abreast., A hard climbing left turn was executed
by the test aircraft, P-4 Nr. 1 entered a descending left turn, and
P-4 Nr. 2 initiated a climbing left turn, The test aircraft oriented
the attack towards F~4 Nr, 2 and P-4 Nr. 1 reversed, attemnting a
sandwich maneuver, P-4 Nr, 2 executed a descending acceleration,
maintaining 3 miles separation with the test aircraft. As F-q Nr, 1
closed on the test aircraft, a radar lock-on was accomplished at
45° TCA, A reversal and low speed scissors was attempted by the test
aircraft; however, F-4 Nr, 1 elected to semarate with a maximum
performance acceleration, F-4 Nr, 2, meanwhile, had repositioned for

- a missile attack and achieved a radar lock-on within missile launch
parameters, The engagement was terminated,

(S) The second engagement was set-up with similar initial conditions.
As the test aircraft passed line abreast, maneuvering started with a
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steep, high G, climbing turn, F~4 Nr. 1 once again performed a
descending military power turn, and F~4 Nr, 2 established a climbing
turn toward the test aircraft, F-4 Nr, 2 then accelerated in a
descending turn as the test aircraft achieved a rear hemisphere
offensive position., As the engagement ended, the test aircraft was
closing for a gun kill on P-4 Nr, 2 while being pursued by P-4

Nr., 1. :

(U) A11 aircraft returned to base for landing, due to a low
fuel state,

(S) Radar signatures of the F-104 and test aircraft are nearly
the same in a head—on aspect, Once again, full radar lock—-on was
achieved in the 20-mile range area, with initial contact at 25-30
miles, knowing the approximate target location,

(S) Split plane maneuvering, mutual support, and defensive
separation were the significant maneuvers during these engagements.




Mission Nri 87
Dates 23 Mar 1968

Flight Duration: 0:35
CONPTIGURATION ¢ |

(S) Test Aircraft: Wing pylons, 2/ATN~9B missiles simulating ATOLL,
and empty centerline pylon
F-SN: 2/AIM-9 pylons, one on each wing tip

EVENTS:

(S) Ground checks, taxi, minimum afterburner power takeoff, military
power climb to 10,000 feet, rendezvous with F-5, military power accel-
cration check, deceleration check with speed brakes and idle, after-
burner power acceleration, afterburner power zoom, afterburner EM
acceleration, turn comparison, EM acceleration, turn comparison, head-on
maneuvering engagement, letdown, full stop landing,

LISSION SUMMARY/COMMENTS:

(S) After a military climb to 10,000 feet, rendezvous was effected
with the F-5 for a military power acceleration check, The aircraft
Wwere very closely matched on this check from 300 to 450 KIAS, with the
F-5 gaining two to three ship lengths, During the deceleration with
idle power and speed brakes, the F-5 was superior and at completion of
the maneuver was in a position four to five ship lengths behind the
test aircraft, The afterburner acceleration check at 10,000 feet from
350 KIAS to ,9 IMN indicated the F-5 is slightly superior, The after-
burner zoom, starting from 10,000 feet, .9 IMN using a 3-1/2 G onset
rate to 30 degrees of pitch, demonstrated that the test aircraft is
slightly better (500 to 1,000 feet higher, same airspeed at termination),
The EM acceleration using full afterburner power, O - 1/2 G, from
35,000 feet, 200 KIAS, resulted in the test aircraft's being four to
five ship lengths ahead when reaching 1,2 IMN, The 7 G turn comparison
accomplished at 1,2 IMN, 22,000 feet, demonstrated the aircraft are
very evenly matched, The EM, unloaded, full afterburner acceleration
from 25,000 feet, 200 KIAS, resulted in the test aircraft's gaining
about 500 feet, a very slight advantage, Both aircraft obtained 7-1/2 G
at 15,000 feet, .9 IMN, and were closely matched throughout the turning
maneuver, ‘The aircraft were nearly equal in performance during the
first ACHM engagement, Initial conditions were: 15,000 feet, ,75 TN,
and anti-parallel flight track, The test aircraft pilot did lose
sight of the F-5 shortly after the preliminary turns, This resulted
in the P-5's obtaining lethal missile/gun position very shortly
thereafter,

(S) The acceleration, turn and zoom comparisons indicate the F-5
and test aircraft are closely matched out to the maximum lach capa~-
bility of the F-5 up to 30,000 feet, The two aircraft are equal in
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size and present the same difficulties for visual or radar acquisition,

The F-5 has better cockpit visibility and can exceed the MIG-21 Q

limit at low altitude, It appears that the F-5 will closely simulate
the MIG-21 up to 1,2 IMN and 30,000 feet, and could be extremely
effective for dissimilar engagements in advanced ACM training,




ANNEX B
MAINTENANCE SUMMARIES (U)
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(S) SUMMARY OF TEST ATRCRAFT MAINTENANCE DISCREPANCIES DURING PERIOD

1.
2.
3.
4.
5e
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

4 I

ATTACEMERT 1

8 FEB 1968 THROUGH 30 MAR 1968

Fuel lLeak

Radar Will Not lock=-on in Missile Mode

Cabin Pressure Gage Read .99 in Flight

Fuel Booster Pump #1 Inoperative

Gear Would Not Retract on First Attempt

Tires Need Rotating

UHF Failed to Transmit Twice

Hydraulic Pressure Cap leaking

EGT Fluctuating

Booster System Hydraulic Leak

Brakes Weak

Radar Ranging Inoperative

Gun Sight Radar Light Inoperative

Brake Cable Broken

UHF Failed to Transmit Channel 3

No Radar Lock-on

Excessive Nose Wheel Shimmey

No Radar lock—-on

EOT Pluectuating

Main Tires Worn Beyond Limits

0il System

Radar Over-—Sensitive




23.
24.
25.
26.
27.
28.
29.
30.

3l.

32,

Brakes Require Mors Application for Right Turn
Rivet Popped on leading Edge of Wing Fenoe
Brakes Grab

EQT Flucfuating

Tires Need Retating

Radar Power Light Inoperative

Nose Tire Needs Replacing

Canopy Hinge Disconnected During Opening
Cannon Fire Light Inoperative

Drag Chute Button Cover Broken
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ATTACHMENT 2

(S) SWMARY OF F-4D (AIRCRAFT #1) MAINTENANCE DISCREPANCIES DURING PERIOD

10.
11.
12,
13,
14.
15.
16.
17.
18,
19.

8 FEB 1968 THROUGH 29 MAR 1968

Inertial navigation equipment produced excessive error (11 NM).
Radar antenna scan not level.

Six bit targets in back bias..

Radar power circuit-breaker popped at 4 Gs.

Inertial navigation equipment produced excessive error (200 NM).
Radar bit 1 showed only nine targets.

Radar gain control lost intermittently.

Antenna elevation strobe indicates 10 degrees too high.

Roll refersence on sight reticle cocked 10 degrees left.

Flap position indicator fluctuates.

Boost pump and radar power circuit-breakers popped.

Right engine afterburner has excessive ignition delay.

WRCS bit check in offset bomdb mode is off 40 degrees right.
Right engine afterburner has exceasive ignition delay.

AGH=-45 bit check no go.

BDD~12B would not release.

BDU~12B would not release.

UHF radio erratio in manual mode.

Radar operates intermittently.

TOTAL SORTIESs 46




o - ATTACHMERT 3
(S) SMOIARY OF F-4D (ATRCRAFT #2) MATNTENANCE DISCREPANCIES DURING PERTOD

8 FEB 1968 THROUGH 28 MAR 1968

l. Right main gear anti-gkid inoperative.

2. Yaw damper produces directiohal oscillation.’

3. Altimeter sticks intermittently.

'4. Left generator dropped off line several times in flight.
5. Fuel tape and counter fluctuates.

6. Radar antenna bangs violently against stops when radar is in
stand=by and operate modes. '

7. Radar presentation and ASE circle Jitters up and down.
8. Yaw damper produces yaw oscillation at low altitude.
9. Left generator dropped off line during flight.

. 10. Left generator dropped off line four times in flight.
1l. Yaw damper bad .8 to .84 below 15,000 feet.
12. Fuel gage erratic below 5,000 pounds.
13. Sight reticle roll tabs cocked 8 degrees right.

y14. Fuel leak panel 101 L.

15. Left generator light came on ten times (generator dropped
off line) during flight.

16. Pitoh damper causes pitch oscillations continually.
17. Automatic temperature control inoperative.

18. Throttles mismatched one~half inch.

19. AN/ATBT gyro tumbled.

20. Inertial platform will not align.

21, Pitch damper produces oscillations.
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22,
23.
24,
25.

26.
27.
28.
29.
30.
31.
32,
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.
45.

Radar bit 3 inoperative.
Pitch oscillations produced by pitch damper.
Right external fuel tank feed light inoperative.

Speed brake tele~light operates intermittently with speed
brakes up. :

Gun camera inoperative.

UHPF transmitter inoperative.

Pitoh damper does not dampen oscillations.

Fuel counter produces erroneous readings.

TACAN inoperative.

Radar scope camera inoperative.

Inertial navigation equipment had excessive error (60 wM).
Fuel counter tape erratioc.

AR/ATB~-T gyro tumbled on landing.

HSI and ADI rotate continually.

Gun camera inoperative.

TACAN emergency light illuminated throughout flight.
Standby compass 25 degrees in error.

Autopilot will not hold desired bank.

Radar inoperative.

Fuel leak in left wing aileron during dump.

Fuel tape indicates 10,000 pounds and counter drops to one=-
half the correct indication.

Emergency power light on TACAN illuminates during flight.
WRCS ocontrol E~W knob does not control counter digits.

Left outboard fuel tank does not feed.
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46.

48.
49.
50.
51,
52.
53.
54.

Standby compass inaccurate.

Engine Nr 1 will not start.

TACAN inoperative.

Persistency not adequate on rear radar scops.

Bit 1 has only 13 targets.

Radar magnetron current reads 1.9 in long pulse.

AN-AJBT gyro tumbled 15 minutes after takeoff.
UEF has loud squelch tone,
Tachometer, left engine, rear cockpit, is inoperative.

TOTAL SORTIESs 59
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ATTACHMENT 4

(S) SUMMARY, F105D AIRCRAFT MAINTENANCE DISCREPANCTES DURING

1.
2.
3.
4.
56

6.
7.
8.
g.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

PERIOD 8 FEB 1968 THROUGH 25 MAR 1968

Gun would not fire.

TACAN heading 180° off.

No radar returns in 6 mile modes.

Radar does not paint any target at all on the ground.

Radar has severe under pedestal and memory shift between
range scales.

Sweep sticks on R-14 display.

UHF channel 3 pre-set inoperative.

Fuel quantity knob loose.

DC generator light one-half out on master caution.

Air-to—air radar mode erratic, will not lock-on. Ranging
runs continuously from maximum to breakaway.

UHF transmitter failed after 30 minutes.

Tranamitter is inoperative. Radio clicks dut no modulation.
ILS glide slope inoperative.

TBL test is not normal. Light sequence is wrong.

Cockpit utility light (gooseneck) inoperative.

Drag ochute did not deploy.

Speed brake horizontal pedals came open on takeoff roll.
Trailing edge flaps would not retract normally after takeoff.
On start, fuel flow goes to 2200 PPH and EGT hit 345 degrees.

At idle, temperature and fuel flow return to normal. Full
military, at 10,000-15,000 feet gives EGT of 610-615 degrees.
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21,

22.

23.

24.

25.
26.

Right wing tank vent starts pouring out fuel when aircraft
internal at 6,000 pounds.

UHF transmitter and receiver garbled on all changes‘for about
ten minutes before landing.

UHF receiver and transmitter extremely scratchy and broken
up from takeoff through engine shut down; completely inoper—
ative on some channels (intermittent report write=-up).

TBC self-test does not give correct light sequencs, if any.
UHF receiver (possibly transmitter, too) failed completely.
UHF channels 2 and 3 were weak and scratchy prior to landing.

TOTAL SORTIESs 49




3.
4.
5
6.
7.

9.
10.
11.

12.

13.

14.
15.
16.

17.

18.
19.

20.

ATTACHMENT 5
(s) SUMMARY, F105F (WILD WEASEL) ATRCRAFT MAINTENANCE DISCREPANCIES

DURING PERIOD 21 FEB 1968 THROUGH 28 MAR 1268

UHF in rear cockpit receiver inoperative.

Left landing gear safe indicator light, rear cockpit, inoper—
ative.

Battery high charge light came on after start recycle.
Audio for APR-25 inoperative in front cockpit.

Green ball ground display for combining glass inoperative.
APR-25 right rear strobe inoperative in press-to-test.
Right rear test strobe missing, both cockpits, APR=25.

A1l modes ER-142 audio weak.

Sight cage knobd, front cockpit, 180° out.

Yo breskaway until past the target in s/A.

Gun purge inoperative.

Fuel flow indicator hangs up. then jumps 3,000-4,000 pounds
when throttle is advanced or retarded rapidly.

APR=-25 intermittent display E band both billboard and vector,
only got indications when very close to site.

APR—25 press-to-test launch light will not extinguish.
Radio very weak in transmitting and receiving.
Fuel probe, left pylon tank, inoperative.

AZEL cables appear to be cut and are not properly positioned,
bind on antenna.

Ground spoil returns received in penocil.

Pitch mech adv becomes inoperative at Mach .90 at 5,000 ft
AGL at -540 CAS.

No release in BTIP mode.
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21.
22,
23.
24.
25.

26.

27.

28.
29.
30.
31.

32.
33.
34.
35.
36.
37.

38.
- 39.
40,
41.
42,
43,

Doppler off 20° in heading.

Heading markers stuck most of the mission.

Doppler stayed in memory for ten minutes after takeoff.
TA could not be calibrated.

Doppler present position is in error from 20 to 55 NM after
five minutes of flight.

Standby altimeter, front cockpit, sticks, then jumps 300-400
feet at a time.

APR-25 B SAM lights (hi and lo) did not respond to simulator
signal.

Vector appears intermittent.
Left drop tank fuel gage indicates 1,000 pounds left in tank.
Four write-~ups; no 7814 available.

External tank quantity indicators do not press-to~test proper-
ly and are erratic until the tanks are fed out.

APR=-25 forward right test'pattern strobe missing.
Wing tip nav light out.

SIF weak and intermittent.

APR=-25 vprer right stiobe missing on all bands.

Radar power switch safety wired-off in both cockpits.

Autopilot force switches will not disengage altitude hold
on air/ground or in the air.

IFF weak and intermittent code 304.

Radar goes fuzzy on both scopes at or below 7,200 feet.
Loss of range console and horizontal pips.

Could get only 590° EGT at full military power.

Takes apprdzimately one minute, EPR was 2.45, 15,000 feet.

Left 450 gazge stuck on 500 pounds remaining.




44.

45.
46,
47,
48,
49.
50.

51.

52.
53.
54.

55.

Gunsight in S/A gives breakaway signal as soon as it locks-on ‘
to a target. All other modes give very weak targets on scope.

Instrument markings on P2 and utility gages worn off.

Right wing tip formation position light inoperative.

Standby magnetic compass off 500 from runway heading and HSI.
ADI ococked at 35° bank and will not fast erect.

APR~25 hood in front cockpit missing.

.F/C attitude indioator sticks intermittently in 35° left bank

indication.

Doppler present position off 13 miles in latitude, 12 miles
in longitude.

After 200 mile leg, ER 142 right forward antenna inoperative.
APR=25 upper right test missing all buttons.

Canopy open light remained illuminated until approximately
45 minutes after takeoff,

Thrust decay sticks closed intermittently.

TOTALs 33 Sorties




ANNEX C

COCKPIT EVALUATION SUMMARIES (U)
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Canopy Controls

lct Zeat:
Tomfort
Tisibility
Restrictions
'~ Cllearance
Adjustment
Tiection Limitation
Aarness Lock

Instrument Panel
™icht Instrurients:
Grouping
leadability
ideguacy
Positioning

Tnoine Instruments
Grouping
Teadability
Adequacy
Positioning

Vlarning Lights
Logic
Controls
Placards
Switches

Console/Pedestal
Controls
Switches
Guards
ID of Switches/

Controls
iccessibility
Confusion factor
Tlacards
Arrangerment

Sars e

A ATy
Anyilyy

COCKTTT TVALIATTION CSIMIIADTRS
- Good o~ Pair T -~ Door
Pilot A Pilot R Pilot T Pilot D
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G w w G F G
5 G G G n G
o B P w F G
r F T W P 3
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G - K r G o
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® ® P » B =
G » P 5 ® G
G P - - 13 -
n v » ® i ¢
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Flight Controls
Rudder:
Break=out force
Travel
Adjustment
Trim
Clearance
Stop
Friction

Aileron
Break-out force
Travel
Adjustment
Trim
Clearance
Stop
Friction

Stabilator
Break=out force
Travel
Ad justment
Trim:

Clearance
Stop
Priction

Stick Grip: Controls

Tmergency Controls
Accessibility
Fase of ‘use
Arrangement
Position

Throttle and Controls

System Controls
Fuel:
Ease of use
Accessibility

Elect ;
Tase of use
Accessibility

A B D
- G - b2 - F
- F F G G G
- P P P G P
- P r P ® G
- G r P R G
G G G G G -
- G - G G G
- G - G G r
- - - G : v
- - - G - -
- - - o - -
- - - G G -
- - - ¢ - -
- - - G - -
- - - G G G
- - - G ) -
- - - ¢! o) -
- - - G G G
G P F P P ¢4
G » w ® r G
G F ® P r P
G P P » G P
G F P b = P
G ® F w R G
¢ G . P G G G
G G r G -G G
G G G G G

G G G G G




 Eyd
Ease of use
Acoessibility

Gear
Ease of use
Accesslbility

Flaps
Ease of use
Accessibility

SB
Ease of use
Accessibility

Egress

Normal
Emergency

Engine Start
Complexity
Support required
Time to idle

Taxi
Visibility
Brakes
rpm required
Steering

Run-up
Eng response
Controls
Brakes
Stalls
Throttle feel

Bngine Acceleration

Throttle adjust
(friction)

o] D
R P ¢] P P G
G r G G P G
r F F P P P
G G ¢} G F G
G G F P G
G G G G P G
G - G G P G
G - G G G (¢]
¢] F P G ) G
G - G G G ]
- G G G G -
- G e} G G G
- - 45 55 47 45
- F ® P P r
- F P P P r
- idle - idle idle idle
- P P P P P
- P - P P P
- G G G G -
- F P P o F
- none npn none none -
- P - P P P
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ANNEX D

'WEAPONS EFFECTS (U)
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ANNEX D

(S/NFD) WEAPONS EFFECTS

The bulldozer shown in Figures 1-6 through 1-9 was fully operational
before test firing. The front blade was missing before the test. The
pictures show the extent of damage sustained by the bulldozer after being
hit by two (2) rounds of 30mm HEI fired by the test aircraft. The bulldozer
was considered damaged beyound repair.
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"CONDUCT AN OPERATIONAL
INVESTIGATION OF THE TACTICAL
EMPLOYMENT OF NAVY COMBAT

AIRPLANES AND THEIR
ASSOCIATED WEAPONS SYSTEMS
AGAINST THE MIG-21"




(a)

(b)

(c)

(d)

(e)

(£)

(g)

(h)

(1)

(3)

(k)

(1)
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Previously Known Data

(S) References (a) and (b) provided detailed technical informa-
tion on the MIG-21, Various performance and weapons system capa-
bilities were delineated.

(U) References (c¢) and (d) provided aircraft and weapons'system
description and operating limitations for the F~4B airplane.

(U) References (e) and (f) provided airplane and weapons system
description, and operating limitations for the F-4J airplane.

(U) References (g) and (h) provided F-4 air combat tactics and
recommended weapons system employment against the MIG-21.

(U) References (i) and (j) provided airplane and weapons system
description and operating limitations for the F-8E airplane.

(U) References (k) and (1) provided F-8 air combat tactics and
recommended weapons system employment.

(U) References (m) and (n) provided airplane description, oper-
ating limitations, and recommended defensive maneuvers for the A-4
airplane.

(U) References (o) and (p) provided airplane description, oper-
ating limitations, and recommended defensive maneuvers for the A-86
airplane.

(U) References (g) and (r) provided airplane description, oper-
ating limitations, and recommended defensive maneuvers for the A-7
airplane.

(S) Reference (s) provided a large sampling of air-to-air engage-
ments with MIG type airplanes in SEA (Southeast Asia). It indicated
extensive use of the MIG-21 as a point interceptor and showed rela-
tively few engagements where the MIG-21 was employed at maximum
performance in a prolonged, close-in, turning flight, In addition,




reference (q) provided guidance in determining altitude parameters
- for typical encounters during this project,

- (8) Reference (t) was used to determine the characteristics and
capabilities of the High Fix radar (KVANT) installed in the MIG-21

and to acquire information relative to the radar target size of the
MIG-21,

(S) References (u) and (v) compared maneuvering capabilities
of Soviet airplanes to USN/USAF airplanes and was used to assist
in determining points of relative strength and weakness of the MIG-21
during this project. Reference (v) indicated that the MIG-21 possessed
@ zoom capability equal to or greater than any Free World fighter.

(S) Reference (w) characterized the MIG-21 as a point inter-
ceptor, possessing little or no slow speed maneuvering capability.
It was based on pilot opinion, after two flights, with limited knowledge
of the airplane's handling characteristics.
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List of Acronyms and Abbreviations

A/B Afterburner

ACM Air Combat Maneuvering

AERO-1A F-4B Missile Control System

AFFTC Air Force Flight Test Center

AGL Above Ground Level

AIM-TE SPARROW III Missile

AIM-TE-2 SPARROW III (dogfight) Missile

AIM-9B/D SIDEWINDER Missile

AMCS Airborne Missile Control System

AN/APR-25 Radar Homing ahd Warning System

APG-59 F-4J Radar

APQ-T72 F-4B Radar .

APQ-94 F-8E Radar

ATOLL Soviet Air-to-Air Infrared Missile

AWG-10 F-4J Missile Control System

Bingo Minimum fuel state required for safe return to
base

B/N Bombardier/Navigator

CNO Chief ‘of Naval Operations

COMOPTEVFOR Commander Operational Test and Evaluation

Force
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CRT

cw

DIA

DRV
EGT

EI

FFAR
Free F-4

FTD

g

Have Doughnut
HEI

I Band

IMN

IR

- KCAS

KIAS

KTAS

MBC

MIG-21

UNCLASSIFIED

Combat Rated Thrust
Continuous Wave

Defense Intelligence Agency
Democratic Republic of 