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ABSTRACT

(S/NFD) This report presents the results of a 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 current practiced tactical
maneuvers against the FISHBEED E were confirmed and revalidated.
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SUMMARY
PURPOSE

(S/NFD) The purpose of this report is to present the results of.
a tactical evaluation of a FISHBED E (MIG-21F-13) airecraft. 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
Projeot 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, classified
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 MIG-21 aircraft.
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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 wvelocity wvector.

4. Igglmgg Performances 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 - 1e=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 Distanoce between an attacker and defender. Can be either
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 overshoét
by the attacker.

17. Jig%ing Msneuvers A series of rapid turn reversals or abrupt changes
of roll/pitch angle at random intervals, to prevent an attacker from
achieving a 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, High Speed Yo-Yo3 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 Velocityl: The time rate of change of distance

along the line of sight between aircraft.

23, Elemenit The basic fighting unit (two aircraft).
24. Fluid Elementit 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.

: oY - : A maneuvering region for
the win gman in whioh optlmum visual oovarage and mutual support may be
achieved in maximum performance maneuvers,

28, Defensive Split: A ocontrolled separation of a defensive element in
different planes used in an attempt to force the attackers to commit
themselves to one of the defenders.,

20, In-Trajls Individual airoraft, one behind the other,

30. In-Trains 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 (FISHEBED 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. (8) 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) 4 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 aircraft.

c. () 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: 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

Wissiles = 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
Maximum: 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) F-4c/D/E

(2) F~105D/F

(3) P1114

(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 airoraft 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 inocorporated in the MIG~-21F-13 aircraft,

5. DEFICIENCIES AND LIMITATIONS°
(S/NFD) Tactical limitations and deficiencies of the FISHBED 2 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.




-
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 pitch 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
speed 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 conditions 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. Beavy longitudinal control forces are
encountered at 510 KIAS and above, making high pitch rates difficult
or impossible to achieve., Forward visibility through the combining
glass, bulletproof slab, and windscreen 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 considerable 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)




resmonse is vpoor.
A, Comparative Tactical Analysis
(1) P-4 and FISH3ID E:

(a) The F-4 has the capability to control an engage-
ment below 15,000 feet by exploiting the MIG-2]1 airspeed limitation
and airspeed bleed-off characteristic at high G, 3By orienting an
attack towards the FISHBED [L's blind cone in lag nursuit type

e

maneuvering, and by operating in the wvertical during ACH, the F-4
can defeat the 11IG-21,

(b) Acceleration Comparison. Acceleration performance
of the P-4 is superior in military and afterburner power un 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 up to 30,000
feet, It has a slight advantage over the MIG-21 in afterburner power
zoom capability, up to 20,000 feet.

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

(2) 7105 and FISEBTD E:

(a) The F~105 should vpress an offensive attack only if
an initial rear hemisphere advantage exists., Prolonged maneuvering
ensagements should be avoided. The airspeed limit of the MIG-21
below 15,000 feet can be easily exceeded by the F-105 if defensive
sevaration 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
verformance up to 15,000 feet altitude from subsonic airspeed to
1.05 I¥7.  The F-105 can easily accelerate to above .98 IMIV,
or 595 ¥IAZ, below 15,000 feet and exceed the airspeed limit of

the FIZE3ED I,

(¢) Turn Comparison. The MIG-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,

(d) Pire Control and Armament, The F=105's air~tc-air
missile firing capability is equal to that of the MIG-21, EHowever,
the F-105 has a superior gun system with its higher cyclic rate and
“better punsight system, '

(e) APR=-25 RHAW. The APR=25 REAT equipment will not provide
sufficient warning for the F-105 pilot to negate a missile attack by
the FISHBED E.

(3) P=1114 and FISHBED E

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

(b) Acceleration Comparison, The 17IG-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 MNIG=21 at any altitude.

(4) P~100D and FISYBED E:

(a) The F=-100 should aveoid maneuvering engagements with the
NIG-2)1, ILffective DCM is possible by accelerating beyond the .98
IMY, 595 KIAS, 1limit 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 KIG—ZI has a significant
advantage over the F-100 in both military and afterburner acceleration
in all fllght regimes,

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

(a) Pire Control and Armament. The P=100 missile capatility
is approximately ecqual to the XIG-21's, although the AIl=Q caraciiy is
greater. Radar ranging of the !MIG~2]1 in missile mode, combined




m

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 tactiecs
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 IIMN 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 F=104, and
the F=104 should never engage in a prolonged, turning fight with the
MIG-21,

(d) Zoom Capability. The F-104 demonstrated a better zoom
capability than the MIG-213; however, if the zoom maneuver terminates
at low airspeed, the P=104 is at a tactical disadvantage and wvulnerable
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) P~5N and FISHBED E:

(a) Within the performance limits of the aircraft, the F-5 has
considerable potential for engaging the 11IG-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,

(b) 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 advantage at higher llach 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,

() 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 Zt

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

(b) A 36 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 required for
the escort to perform &8 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-4C 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) Bffective 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 aircraft
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 publicaticns and
intelligence reports could never substitute for the knowledge gained
through this test, Obtaining other foreign aircraft, from friendly
countries as well as Soviet Bloc countires, and conducting tests
such as "HAVZ DOUGHNUT" would be of great benefit to the USAF.

7. RECOMMKIDATIONS

A, (S/NFD) Formation Tactiecs and MNaneuvers, Overall evaluation
of the test as conducted against the }MIG-21 and the complete list of
USAF fighter aircraft has validated the tactics and maneuvers that are
presently outlined in AF'" 3-1, Specific tactics 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 aircrafi as fellows:

(1) F-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) faneuver in a vertical plane below 15,000 feet and
avoid slow-speed reversals, Avoid prolonged, turning, close-in
engagements with the YIG-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), henever 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) Yutual support and teamwork are vital, “hen mutual
suprort is lost, immediately disengage at high speed (above .98 Iumt,
or 595 KIAS, below 15,000 feet).

(h) At high airspeeds (595 KCAS) below 15,000 feet, the
¥IG=21 is ineffective because of pronounced airframe buffet. If 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.

(¢) Do not rely on the APR=25 equipmentktb provide adeguate
warning of MIG~-21 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). ~

' (f) 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) 111

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

(v) At the first indication that an attack by a MIG-21
is imminent or in progress, the F-111 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-11l1 against the MIG-21 only if an initially favorable offensive

position exists, f
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(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 cannot be maintained in an aerial
engagement against the MIG-21, the F~104 should disengage by accelerating
to above .98 IMN, 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 ocombat
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 Division
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 are
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 STA environmentj 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 acocomplished, 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 FISH3ED E were
identified by evaluating 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, =2ach 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