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FOREWORD

During the periods July-August 1963 and January-February
1964 teams of analysts from Research Analysis Corporation's
Field Experiments Division participated in free-play helicopter-
reconnaissance experiments with the officers and men of the 2d
Sqdn, 4th Cav, 4th Armd Div. In these experiments, helicopter
crews were instructed to determine the location and concentration
of enemy elements but not to take any opposing elements under
simulated fire.

The employment of helicopters in an antiarmor role repi e-
sents a logical extension of these evaluations of reconnaissance
effectiveness. This technical paper presents the results of a two-
sided field venture measuring the relative worth of a variety of
antiarmor tactics.

P.chard E. Tiller
Chief, Field Experiments

Division
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Problem

To evaluate several helicopter antiarmor concepts against simulated
enemy ground employments.

Foos

The Field Experiments Division of Research Analysis Corporation (RAC)
is currently studying a variety of Army problems involving tactics and doctrine.
A major portion of the Division's field activities have dealt with air-ground in-
teractions. 1-' Many of these field effortsS,4 ,S- were conducted near Niirnberg,
Germany, with the assistance of D Trp (Air Cav), 2d Sqdn, 4th Cav, 4th ArmdDiv.

From 6 to 12 Dec 63, D Trp participated in field training exercise (FTX)
YELLOW WEDGE, performing tank-killer missions. At the "loss" of 2 UH-1B
aircraft, D Trp killer teams were given credit for "destroying" a total of 10
tanks, 14 armored personnel carriers (APCs), 9 wheeled vehicles, and 30 dis-
mounted infantry. In his report describing the employment of armed helicopters
against ground targets, the D Trp commanding officer recommended that this
concept be made the subject of field test by the team from RAC which is cur-
rently working with this unit.

Discussion

During July 1964 a helicopter antiarmor experiment, designed with Project
Advisory Group (PAG) guidance, was conducted by RAC analysts with the as-
sistance of personnel from the 2d Sqdn, 4th Cav, 4th Armd Div. This experi-
ment measured the ability of helicopter antiarmor teams to engage targets
assumed to have been acquired by reconnaissance elements of the air cavalry
troop.

The experimental design employed is summarized in Table 1. The first
type of killer team shown consisted of two UH-1B helicopters armed with SS-11
antitank missiles. During missions with this type of team the helicopters sim-
ulated firing SS-11 antitank missiles at ground targets whose positions had been
reported to the pilots prior to lift-off. The other types of killer teams studied
were composed of a combination of ground and aerial elements; in these runs
only a single UH-lB helicopter was used. The performances of killer teams

1
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armed with ENTAC antitank missiles and teams with M67 90-mm recoilless
rifles were evaluated with the helicopters playing either an active or
passive role. On runs with active helicopters (killer-team types 2 and 4), the
pilot's mission was to deliver the ENTAC or the recoilless-rifle crews safely,
distract the attention of the enemy ground targets from the dismounted elements,
assist the dismounted personnel in acquiring enemy targets, simulate suppres-
sive fire when the dismounted killer elements (DKEs) broke contact with the

TABLE I

Summary of Helicopter Antiarmor Experiment Design

Antiarmor weapon Experivimital runsType of !

killer Helicopter role Against Against
team Type Fired by stationary fluid Total

targets targets

I SS-II antitank Helicopter Engage enemy tar- 4 4 8
missile gets

2 ENTAC antitank Dismounted (Ground element 4 8
missile elemerts delivery, support.

and retrieval
3 ENTAC antitark Dismounted (;round element 4 4 8

missile elements delivery and re-
trieval only

4 90-mm recoilless Dishounted Ground element 4 4 8
rifle elements delivery, support,

and retrieval

5 90-mm recoilless Disnicunted Ground element I

rifle elements deliver), and re-
trieval only

Total 20 20 to

enemy, and rendezvous with his dismounted teammates. On experimental runs
with passive helicopters (killer-team types 3 and 5), the pilot merely delivered
the heliborne killer elements and retrieved them from prearranged locations.
The ground portion of killer-team types 2 to 5 consisted of either a 4-man
ENTAC crew or two 2-man recoilless-rifle crews. In all cases the mission
of the dismounted crews was to acquire the reported targets and take them
under fire within the effective range of the weapons simulated.

During the field experiment, killer teams conducted a total of 20 runs
against stationary target complexes and 20 runs against fluid target complexes.
On experimental runs against stationary enemy targets, two complexes were
positioned in woodlines commanding key objectives. Each complex consisted
of two M113 APCs simulating tanks and one 3-man infantry squad providing
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security against attack by opposing infantry elements. One of these complexes
was designated the "target" complex. The map coordinates of this complex
were reported to the killer team; no information was provided to killer-team
personnel about the location of any other enemy elements. On experimental
runs with fluid complexes, two M113 APCs were used to simulate target tanks
in the point of an armor column and three M1l4A1 command and reconnaissance
vehicles were employed to provide route security for the column. The Ml14Al's
cleared woodlines and other potential ambush points ahead of the column.

Prior to the start of each run the antiarmor teams were given detailed
briefings. They were allowed complete freedom in determining flight paths,
points of dismount, attack tactics, rendezvous locations, and mission duration.

Personnel in the stationary and fluid complexes were instructed to engage
all opposing elements acquired. Audible and visual acquisitions of helicopters
and dismounted killer-team elements were radioed to other ground vehicles.
Infantry was frequently dispatched from the stationary complexes to investigate
suspected enemy activity. On runs with fluid target complexes, commanders
of the M114A1 scout vehicles, providing route security for the'armor column,
often sent crew members forward on foot to secure areas in which the Mll4AI's
could not maneuver freely.

To increase the degree of tactical realism still more, gunfire simulators
were used by each side. In addition, vehicle crews in the stationary complexes
were allowed to camouflage their vehicles-wito light branches and other natural
foliage.

Gun cameras and event-sequence recorders mounted in the helicopter and
on ground-complex vehicles were used to obtain data about the acquisitions and
firings that occurred during the two-sided action. Data collected by these re-
cording instruments were analyzed in detail using statistical techniques.

As might be expected in simulated tactical engagements in which both
sides were allowed substantial freedom in combating opposing elements, a
wide range of outcomes was observed. On many of the experimental runs the
killer teams were quite successful; on others, killer teams did not acquire
enemy targets, were captured prior to firing at ene.my-targets, fired outside
the effective range of their weapons, or established points of ambush after the
enemy vehicles had passed by. A summary of killer-team performance is
shown in Table 2. Of the 40 experimental runs, on 25, or five-eighths of the
total conducted, killer elements were able to fire at one or more enemy tanks
within the effective range of their antiarmor weapons. On these 25 potentially
successful missions, killer elements fired a total of 65 times at a total of 41
different enemy tank targets. When hit- and kill-probability information was
combined with the data for kill -team firings, it was estimated that 20 enemy
targets would have been destroyed. Of these 20 expected kills, 4 were scored
by SS-11/UH-1 teams, 3 by ENTAC crews with active helicopter support, 2 by
ENTAC crews with passive helicopter support, 5 by recoilless-rifle crews
with active helicopter assistance, and 6 by recoilless-rifle crews on missions

3



TABLE 2

Summary of Killer.Team Performance

Unsuccessful missions
Potentially Total

Team element No Dismounted Too Fired successful missions
targets elements late aout of Total missions

acquired intercepted range

SS-1 1!UIII.'
Against stationary targets I 0 0 0 1 3 ýt
Against fluid targets 1 0 0 0 1 3 1

ENTAC
Active helicopter

Against stationary targets 2 1 0 0 3 1 4
Against fluid targets 0 0 0 0 0 4 4

Passive helicopter
Against stationary targets I 0 0 1 2 2 4
Against fluid targets 0 0 2 0 2 2 4

Recoilless rifle
Active helicopter

Against stationary targets 1 1 0 0 2 2 4
Against fluid targets 1 1 0 0 2 2 4

Passive helicopter
Against stationary targets 0 1 0 1 2 2 4
Against fluid targets 0 0 0 0 0 4 4

Total 7 4 2 2 15 25 40

with passive helicopters. Eight of these kills were scored against stationary
vehicles and 12 against vehicles in the simulated armor column.

In addition to evaluating killer-team performance against enemy targets,
the experimental data collected were also analyzed on the basis of the actions
of personnel in the ground complexes against killer-team elements. The total
number of times helicopters and DKEs were acquired and takeh under fire by
all ground-complex elements during killer-team entry, attack, and withdrawal
are summarized in Table 3. The comparisons shown in Table 4 were derived
from these data. Based on the average number of killer-team elements ac-
quired and taken under fire by ground-complex personnel, it was observed that
ground-complex activity was (a) greater against sS--11l/UH-l antiarmor teams
than against the other types of killer teams studied, (b) about twice as great
against active helicopters as against passive, (c) approximately the same against
helicopter-supported DKEs as unsupported DKEs, and (d) far greater against
helicopters for vehicles in stationary complexes than in fluid complexes.

Findings

The major findings resulting from a detailed analysis of the data from
the RAC antiarmor field experiment are summarized in this section. For the
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TABLE 3

Summary of Ground-Complex Activity during Experimental Runs

Activity

Ground elements Helicopters DKEs

Times acquired Times fired at Times acquired Times fired at

Stationary
Against SS.I 1/Utll-1 116 76 -
Against ENTAC

Active helicopter 81 37 5 3
Passive helicopter 29 15 2 2

Against recoilless rifle
Active helicopter 47 26 7 1
Passive helicopLer 30 6 10 3

l'hlid

Against SS-1 1/UH-! 50 24 - -
Against ENTAC

Active helicopter 31 17 5 3
Passive helicopter 21 14 5 3

Against recoilless rifle
Active helicopter 15 9 11 9
Passive helicopter 6 4 9 7

TABLE 4

Summary Comparisons of Experimental Variables Studied

Mean acquisitions per helicopter Mean firings per run

Elements compared per run

Against helicopters Against DKEs Against helicopters Against DKEs

SS-II/Ult-1 vs ENTAC
vsrecoilless rifle team 15v 10 v6 0v I v2 7 v 5v 3 0v I v2

Active vs passive heli-
copters llv5 2 v 2 6v2 1 v I

Stationary ve fluid
targets 14v6 1 v 2 6 v3 1 v 2
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particular terrain, force structures, tactical situations, and weapons-
simulation techniques employed it was observed that:

(1) The SS-il/UH-I crews encountered considerable difficulty in ac-
quiring enemy target vehicles. None of the SS-11/UH-1 teams detected tar-
gets on their initial attempts against vehicles in the stationary complexes and
only half were able to launch missiles against fluid target vehicles on their
initial firing passes. On all eight missions involving SS-ll/UH-l teams at
least one helicopter was taken under fire by enemy ground personnel prior to
the time the first SS-11 missile was launched.

(2) Helicopter support of DKEs did not lead to a noticeable improvement
in their performance. During the attack phase of the missions observed,dis-
mounted elements who did not receive active assistance fired at as many tar-
gets and as many times per target as dismounted elements who received heli-
copter support. Moreover, helicopter crews usually did not arrive at the scene
of the attack in time to provide effective suppressive fire during DKE withdrawal.
On the other hand, helicopter crews who supported dismounted elements were
subjected to considerably more enemy fire than helicopters used solely to de-
liver and retrieve dismounted elements,

(3) Antiarmor teams were markedly more effective in attacking vehicles
with a movement mission than in attacking the stationary target complexes;
60 percent of the target kills expected were scored against fluid vehicles. For
the 40 missions observed, helicopters were fired on twice as often on missions
against the stationary complexes as on missions against fluid enemy vehicles.

6
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INTRODUCTION

Since March 1963 teams of analysts from RAC's Field Experiments Da vi-
sion (formerly the Combat Developments Division) have been studying helicopter
operations with the assistance of the officers and men of D Trp (Air Cav), 2d
Sqdn, 4th Cay, 4th Armd Div. During March and April 1963 RAC analysts gained
familiarity with helicopter operations by participating in troop-level and squadron-
level field exercises. Between June 1963 and June 1964 a total of eight field ven,'
tures involving D Trp personnel was conducted. These field evaluations of air-
ground interactions are summarized in Table 5. All were completed within the

TABLE 5
Summary of RAC Field Activities with D Trp,

2d Sqdn, 4th Cay, 4th Armd Div

Description of field Publication presenting
Date experiment experimental results

Jun 63 Gunner tracking ability against helicopters
employing evasive maneuvers RAC-TP-136

Jun 63 Tracki.ag capability of internally mounted
tank machinegun against helicopters RAC-TP-124

Jul 63 Summer-phase helicopter reconnaissance RAC-T-433

Jul 63 Evaluation of helicopter pop-up tactics RAC-T-464
Jan 64 Winter-phase helicopter reconnaissance RAC-T-446

Jan 64 Tracking capability of M114AI scout vehicle
against helicopters RAC-TP-124

Feb 64 Evaluation of helicopter pop-up tactics RAC-T-464
Jun 64 Antiarmor tactics involving helicopters RAC-TP-189

normal training activities of the 2d Sqdn, 4th Cav. The experience accumulated
by RAC analysts during the first seven experiments provided the necessary ex-
pertise to conduct a two-sided evaluation of antiarmor tactics in which partici-
pants on each side were allowed substantial freedom in combating opposing
elements.

D Trp pilots were quite proficient in executing a variety of tank hunter-
killer missions. Following the organization of D Trp in July 1962, the first air
cavalry troop in Seventh Army, D Trp pilots underwent intensive training in all
phases of air cavalry operations. By June 1964 D Trp pilots had completed two
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cycles of crew and unit training, conducted a 4-week school on gunnery and tac-
tics for helicopter pilots in all Seventh Army divisions and armored cavalry
regiments, participated in two division-level FTXs, and presented several dem-
onstrations of their antiarmor capabilities.

For FTX YELLOW WEDGE, conducted 6--12 Dec 63, D Trp was directed
to organize and test a variety of tank-killer teams using helicopters in an offen-
sive role. Two general types of killer teams organized were (a) those utilizing
the helicopter as an aerial platform for launching antitank guided missiles and
(b) those utilizing the helicopter to transport infantry equipped with antitank
weapons to ambush points and then provide diversionary or suppressive fire in
support of the dismounted infantry. A brief summary of the outcomes of eight
umpire-assessed D Trp missions during FTX YELLOW WEDGE is provided
in Table 6. From this table it can be seen that surprise was achieved on seven

TABLE 6

Summary of Evaluations for Eight D Trp Tank-Killer Missions
during FTX YELLOW WEDGE

Outcomes
Mission phase Performance measure observed

Planning Times adequate and timely information was
provided to killer teams 6 of 8 missions

Time available to plan mission, mean 8 min

Movement to contact Depth of penetration of enemy line, mean 3.5 km
Depth of penetration of enemy line, median 0.5 km-
Times nap-of-the-earth flight techniques used 8 of 8 missions
Times helicopters detected 2 of 8 missions
Times helicopters taken under fire 1 of 8 missions
Time from lift-off to engagement, mean 20 min

Engagement Times surprise achieved 7 of 8 missions
Tanks acquired, total 30
Tanks destroyed, estimated 10

APCs acquired, total 18
APCs destroyed, estimated 14
Dismounted infantry acquired, total 100
Dismounted infantry destroyed, estimated 30
Truck targets acquired, total 22
Trucks destroyed, estimated 9
Helicopters destroyed, estimated 2
"Duration of engagement, mean 2 min

of eight antiarmor missions. Tank-killer teams received credit for destroying
10 tanks, 14 APCs, 30 dismounted APC infantrymen, and 9 trucks that were
selected as targets. D Trp losses were estimated to be 2 aircraft.

Because of the interest at all levels within US Seventh Army and the study's
Project Advisory Group (PAG), an evaluation of antiarmor tactics employing
helicopters both as firing platforms and in support of infantry teammates was
conducted. From the outset it was apparent that an examination of the combined
effectiveness of the light observation helicopters (OH-13's) and attack helicopters

10



(UH-IB's) forming a "hunter-killer" team would be beyond the capability of RAC
analysts to complete within the squadron's normal training schedule. Consequently
it was decided to limit the June 1964 field experiment to an evaluation of the
tank-killer portion of the total missions. It was also decided to provide the
killer elements with perfect intelligence concerning the location and direction
of movement of the enemy vehicles designated as targets. Because RAC's
summer- and winter-pha" reconnaissance experiments 7 ,8 indicated that diffi-
culties in acquiring targe , specifying map coordinates, keeping enemy vehicles
under surveillance without becoming a casualty, and providing timely intelligence
would be encountered by helicopter 'hunter' elements operating in the type of
terrain utilized, the performance of the killer teams during the June experiment
should be considered indicative of the upper limit of their effectiveness in sit-
uations of the type studied.

ill
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EXPERIMENTAL DESIGN

Like the summer- and winter-phase reconnaissance endeavors, the anti-
armor evaluation was designed to balance the experimental control required
for statistical validity against the tactical realism bbtained from two-sided
free-play field experiments.

TABLE 7

Test Conditions for Antiarmor Experiment

Missions
Element Helicopter Against Against

Antiarmor firing participation Against fluid T

wepnweapon stationary[ fluid Total
targets targets

SS-11 antitank Helicopter Weapons platform 4 4 8
missile

ENTAC antitank Dismounted Active support 4 4 8
missile elements

ENTAC antitank Dismounted Passive support 4 4 8
missile elements

90-mm recoilless Dismounted Active support 4 4 8
rifle elements

9 0-mm recoilless Dismounted Passive support 4 4 8
rifle elements

Total 20 20 40

The experimental design employed during the antiarmor field study is
shown in Table 7. As is indicated, five types of killer teams using three anti-
armor weapons were included in the analysis. The weapon systems considered
are illustrated in Fig. 1. Table 8 summarizes the basic characteristics of
SS- 11 wire-guided antitank missiles, ENTAC wire-guided antitank missiles,
and M67 90-mm recoilless rifles.

WEAPONS EMPLOYED

The SS-11 (redesignated the XM-22) is a lightweight remote-controlled
wire-guided missile. Although primarily an antitank weapon, it can be used

12



a. SS- II/UH- I Weapons System

b. ENTAC Antitank Gusided Missile

ORD A1~66

c. M67 9O~mm Recoilless Rifle

Fig. I-Antiormor Weapons Included in Field Experiment
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TABLE 8

Summary of Weapons Characteristics

Weapon, characteristic Measurement

SS-11 antitenk guided missile
Missile

Weight 62.8 lb
Weight, in container 156.5 lb
Flight speed 0-180 m/sec
Maximum practical range 3500 m
Minimum practical range 500 m
Warhead size 125-mm HEAT

Launching, guidance, and test equipment, weight
Launcher, each 13.0 lb
Launcher support boom 33.9 lb
Control box 5.0 lb
Command box, type V 6.6 lb
Signal generator, T9C 29.5 lb
Selection box 10.5 lb
Sight, antioscillation, XM-55 10.0 lb
Sight, MK-8 6.0 lb
Circuit tester 15.2 lb
Missile battery tester 9.4 lb

ENTAC antitank guided missile
Missile

Weight 27 lb
Weight, including launcher 37.5 lb
Cruising speed 80 m/sec
Maximum practical range 2000 m
Minimum practical range 400 mr
Warhead size 130-ram HEAT

Guidance equipment, weight

Control unil TR-10 28.4 lb
Selection box 10.9 lb
Battery 3.0 lb
100-m cable, reel, stand 47.2 lb
10-m cable 3.5 lb
Circuit tester 5.5 lb

90-mm recoilless rifle M67
Rifle

Weight 35 lb
Length 53 in.
Rifling Right hand twist
Firing mechanism Percussion

Estimated usable life, tube 2000 rds
Ammunition HEAT

Weight, I rd ammunition 9.3 lb
Muzzle velocity, HEAT 700 fps
Effective range, HEAT 400 m

effectively against personnel, gun emplacements, strong points, roadblocks,
and fortifications. ' In the SS-11/UH-1 weapons system shown in Fig. 1 the
missile is launched by a gunner sitting next to the helicopter pilot. The gunner
controls the path of the missile during its flight; movements of the gunner's

14



control stick are transmitted as electrical signals through wires that unwind
from the missile to guidance blades, regulating the deflection of missile ex-
haust gases. During the flight of the missile the gunner's line of sight to the
target must be unobstructed and the path of the SS-11 must be free from trees,
brush, and other obstacles that might detonate the missile or alter its trajectory.
The SS-11 is equipped with an inertia-type of fuze that detonates the warhead
of the missile on impact. The ranges of engagement at which the SS-11 is most
effective exceed 1000 m because of difficulties in visually acquiring the missile
in the gunner's tracking sight during early flight.

The ENTAC is a remote-controlled guided missile designed specifically
for ground-to-ground firings." Weighing less than half as much as the SS-11,
ENTAC missiles with associated launching and guidance equipment are rela-
tively easy to transport and prepare for firing from ground positions. The
maximum practical range and velocity of flight are somewhat less for the
ENTAC than for the SS-11 (see Table 8). Both missiles, however, are based
on the same guidance principles and both may be employed against armored
vehicles, gun emplacements, roadblocks, and fortifications.

The 90-mm recoilless rifle, M67, is the current medium antitank assault
weapon. 2 It is a lightweight portable weapon designed to be fired from the
shoulder or from a tripod ground mount. The M67 recoilless rifle, a direct
fire weapon, is tactically employed by infantry against tanks and field fortifi-
cations at ranges of 15 to 400 m.

The'se three weapons represent a broad range of antiarmor capabilities.
The SS- ll/UH- 1 weapons system provides the capability of engaging enemy
armor from highly mobile aerial platforms. The ENTAC system, when trans-
ported by helicopter, furnishes the opportunity of establishing mobile ambush
points against fluid targets at ranges between 400 and 2000 m; the air-delivered
recoilless-rifle crews provide a similar capability against targets at engage-
ment ranges of less than 400 m. The SS-11 and ENTAC systems are sophisticated
weapons requiring highly developed skills to operate effectively; the 90-mm
recoilless rifle, on the other hand, is a relatively simple weapon requiring -

little crew training. The ENTAC system is also comparatively bulky, requir-
ing about twice as much helicopter payload space as each 90-mm recoilless-
rifle team. On the June antiarmor experiment, DKEs consisted of either one
4-man ENTAC crew or two 2-man recoilless- rifle crews. Two members of
the 4-man ENTAC crew and one member of each 2-man recoilless-rifle crew
were RAC data collectors simulating the roles of the ammunition bearers or
handlers.

HELICOPTER ROLES

In addition to considering a variety of weapons during the experiment a
number of helicopter roles were also evaluated. During SS-11 runs, two UH-1B
helicopters generally functioned as an attack team, acquiring the designated
targets and taking them under simulated fire. On runs with "active" helicopters
involving DKEs, the mission of the helicopter pilots was to deliver the ground
elements to safe and advantageous positions, divert the attention of ground-
target personnel from the dismounted elements whenever this appeared appropriate,
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provide simulated 2.75-in. rocket fire to cover the withdrawal of the dismounted
elements, and then rendezvous with their dismounted teammates. On runs with
Ipassive" helicopters, on the7 other hand, the helicopter pilots merely transported
the ground portion of the DKEs and retrieved them from prearranged locations.
Single UH- IB helicopters were used on all runs involving DKEs.

TARGET COMPLEXES

Two types of ground targets were included in the analysis. On "stationary"
runs, two complexes were positioned in woodlines that commanded such key
military objectives as towns or the Autobahn. Fach complex consisted of two
M113 APCs with their crews and one infantry squad, consisting of three men
armed with a bipod-mounted 7.62-mm M60 machinegun. APCs were used to
simulate tanks because of the maneuver damage likely to occur frIom the em-
ployment of tanks. APC crews were allowed to use natural foliage to conceal
the location of their vehicles. The noncommissioned officer (NCO) in charge
of each stationary complex was permitted to dispatch the infantry squad to in-
vestigate areas of suspected enemy activity. The four pieces of terrain chosen
for the stationary runs and the location of the APCs in the two complexes (A
and B) are illustrated in Fig. 2.

On "moving" runs, five vehicles formed a fluid ground complex. Two
M113 APCs designated as targets simulated the point of an armor column with
three M114A1 scout vehicles providing route security. Movement of the APCs
was restricted to the path outlined in Fig. 3. The M114AI's operated one terrain
feature forward of the column clearing woodlines and other potential ambush
points before allowing the coluryin to advance. Security-vehicle commanders
were given the option of dismounting crew members to search areas in which
the vehicles could not maneuver freely.

Personnel in the stationary and moving complexes did not know when
enemy missions were initiated and completed or what type of enemy air-ground
activity to expect.

During the antiarmor experiment a total of 40 runs was conducted. These
runs were divided evenly between stationary and moving scenarios. Each of the
five killer tactics was examined a total of eight times. Four experimental runs
were conducted for each killer-team ground-target combination, which was con-
sidered the minimum number required for statistical validity and the maximum
number that could be completed within the 3-week period available for the con-
duct of the experiment, based on the experience of the summer- and winter-
phase reconnaissance experiments.
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EXPERIMENTAL PROCEDURE

This section provides details about the conduct of the experimental runs,
type of data collected, and methods by which these data were obtained. Because
of differences in tactical employments and data-collection techniques, the pro-
cedures for ground targets and killer teams will be discussed separately.

GROUND TARGETS

Stationary Runs

Personnel manning the ground complexes were selected from A, B, and
C Trps of the 2d Sqdn. Prior to departure from Schwabach, ground-complex
personnel were given a detailed briefing on their overall mission and individual
assignments. They were informed that e~Lemy ground and aerial activity might
be encountered and were instructed to take all enemy elements acquired under
fire. Particular emphasis was placed on responding rapidly to enemy sightings
and relaying sighting information by radio to other friendly elements. On sta-
tionary runs, ground personnel were divided into two complexes, each consisting
of two M113 APCs and one infantry squad. The crew of each APC consisted of
one NCO who served as vehicle commander and one driver who participated as
an observer during the runs. Each infantry squad consisted of two enlisted men
and one NCO.

During the briefing, gun cameras were mounted on the .50-cal main arma-
ment of the APCs. In addition the bipod-mounted 7.62-mm machineguns used
by the infantry squads were also instrumented with gun cameras (see Fig. 4).
These cameras served the dual purpose of furnishing information on the accuracy
of weapon lay at time of fire and providing an added stimulus to participate in
the two-sided action. The cameras used were AN-N6 16-mm movie cameras
with 3-in. lenses. Special mounts to attach the cameras to the weapons were
designed to avoid any change in the handling characteristics of the weapon. A
camera-mounted .50-cal machinegun used on the M113 APC is shown in Fig. 5.

After the briefing the vehicles moved in column formation to the desig-
nated area. During each of the four scenarios with stationary APCs the vehicles
were positioned in the edge of woods. The exact positioning of the vehicles and
infantry squad was determined from advice provided by the military participants.
In all cases the ground vehicles representing delaying elements were stationed
to guard key terrain features and logical avenues of enemy infiltration and ad-
vance. Ground crews were allowed to camouflage their vehicles with a limited
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Fig. 4-Camera-Mounted 7.62-mm M60 Machinegun

amount of natural foliage. The appearance of a typical stationary target is
illustrated in Fig. 6.

An Esterline-Angus event-sequence recorder was installed at a central
point in eacl4, stationary complex to record data concerning acquisitions and
firings. Wires were connected from the event recorder to the triggers of each
of the M113 APC .50-cal machineguns and to a push button at each vehicle loca-
tion to permit instantaneous data input to the central control point. When an
enemy helicopter or dismounted infantryman was acquired by a ground-vehicle
crew, a RAC analyst at the vehicle indicated this event by depressing a hand-
held push button two times, causing the appropriate pen on the recorder to
register two blips. When the .50-cal machinegun trigger was pressed, another
pen on the recorder was activated and remained displaced until the trigger was
released. When the enemy element disappeared from view the APC commander
or driver-observer would announce "out of sight" and the RAC analyst noted
this event by recording four blips on the pen recorder. A typical sequence of
events is illustrated in Fig. 7.

Data recorded at the two stationary complexes were correlated through
periodic time checks between the RAC analysts operating the pen reccrders.
The speed of the paper tape on each recorder was constant but might vary from
another recorder by 2 percent or more. A linear correlation factor was applied
to relate all data to a single recording rate. All time data reconstructed in this
manner were rounded to the nearest second.

Data forms, which included a detailed sketch of the terrain visible from
each stationary complex, were given to the RAC analysts at the vehicles (see
Fig. 8). On acquiring a killer-team element, the analyst drew its path on the
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Fig. 5-MI13 APC .50-cal Machinegun Camera Mount

Fig. 6-Camoufloged Target Vehicle Positioned in Edge of Woods
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b. Typical Sequence

Fig. 7-Illustration of Pen-Recorder Data Collection

terrain diagram provided. At the conclusion of each run the analyst questioned
the vehicle crew to determine the positions on his sketch at which the enemy
was sighted and taken under fire. Supplementary information,, often of a quali-
tative nature, was also recorded on the data form.

The NCO in charge of each ground complex frequently dispatched his in-
fantry squad to investigate suspected helicopter landings. The infantry disptched
were accompanied by a RAC data collector who started a stopwatch when. a killer
element was acquired and another when the killer element was taken under fire.
After the data collector had returned to his central control point, the elapsed
stopwatch times were recorded on the moving Esterline-Angus paper and a
notation made to advance the time of the infantry sighting and fire in the event
sequence by the amount of elapsed times indicated on the stopwatches at the
moment of data transfer to the Esterline-Angus records.

APC crews and infantry squads were also equipped with 12-gage gunfire
simulators that delivered a loud report and produced a large puff of smoke.
A fluid ground vehicle firing at a helicopter during an overflight is illustrated
in Fig. 9.

Moving Runs

Two M113 APCs and three M1l4A1 scout vehicles were employed as ground
targets on each of the 20 fluid runs. The vehicle crews had been instructed that
enemy ground and aerial action could be expected. Although the APCs, simulat-
ing the point of an armor column, were confined to the roads indicated in Fig. 3,
the Mll4A1's providing route security were allowed considerable freedom of
movement. The security vehicles operated one terrain feature forward of the
column, attempting to clear potential enemy ambush points before the column
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GRoU0iD COMPLEX A

SITE. __ DAY TWO

DATA COLLECTOR RUM NO.

TOTAL NO- OF SIGHTINJGS TOTAL NO.OF FIRIG6S

CREW ALERTNESS
(cRECK ONE) NO. OF TIMES TARGET FIRSTDDDSEENH _AP

lood av3 poor L
ADDITIONlAL COMMENTS

Fig. 8-Data Form Used by Ground-Complex Elements for Stationary Runs
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advanced. Security-vehicle commanders were allowed to dismount crew mem-
bers t6 search areas in which the MlIl4AlI's co~uld not maneuver freely or with-
out causing considerable damage. Towns along tile route of march were con-
sidered off limits to DKEs attempting to establish ambush points.

Each M113 and M114AI was instrumented with an even't- sequence recorder
rind guni-camera equipment. Dita- recording instruments mounted on M113 APCs
are shown in Fig. 10. In addition to installing an event recorder in each M114A1,
gun cameras were placed onl both the hand-craitked .50-cal main armament of
the scout vehicle and the pedestal-mwounted 7.6241-mm machinegiin. Location of
the cameras and close-ups of the camera mounts are depicted in Fig. 11,

Data- recordiing procedures were similar to those used on the stationary
runs. The Esterline-Angus recorders on aIU iie fluid ground vehicles were
synchronized before and after each run. Data concerning times of fire were

wsdpesdbaguerARA :lytrdginecvhilprseautomatically recorded onl these instruments whimever the trigger of a weapon

hand-held button to reccord sightings by his v'ehicle crew; in addition, he filled
out a data form (see Fly,:. 12). Shotgun blanks were detonated whenever a killer-
team element was taken under fire.

7.62mm.

a. Location of Mounts on Vehicl*

Fig. 11-MOU41 Scout Vehicle with Mochinegun Camera MoL.nts
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b. Close-up of .50-cal Machinegun Camera Mount

c.- Close-up af 7.62-mm Machinegun Camera Mo!-nt

Fig. 1 l-Corntirued
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Fig. 12-Data Form Used by Gruund-Complex Elements for Moving Runs
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K! .LER TEAMS

1l()icopters Firing SS- 11 Missiles

Before the beginning of each SS- 11 run, helicopter crews were given a
detailed briefing about their mission, the location of friendly phase lines, and
thi reported position of the enemy-complex vehicles. On stationary runs the
vf hicles in ground compiex A were designated as targets and the map coordi-
nmf'es of this complex specified to the nearest 100 ni; the location of other enemy
v( hicles was not provided. On moving runs it was assumed that a friendly light
ol,;servation helicopter was able tc keep the column under surveillance; pilots
ri:ceived the map coordinates of the column at any time during the run that this
irformation was requested. During the mission briefing, helicopter crews were
a :so informed that other enemy elements were suspected to be present w.ithin
tJL' attack area but that intelligence sources had not yet determined their location(s).

Two UH-lB helicopters were sc.heduled for each run involving simulated
S.-!-11 firings. The use of pairs of UI1- lB's was consistent with military advice
tat indicated that helicopters armed with wire-guided missiles would seldom,
if ever, be dispatched individually. W'ien approaching their targets and execut-
ing tactical withdrawals the pilots flew nap of the earth taking full advantage
of the terrain to gain concealment frond enemy observation and fire. The two
holiicopter crews forming an SS- 1 1i/UH- 1 killer team were allowed complete
freedom in coordinating their attacks; g•enerally they staggered their attacks
if-om different angles of approach. The pilots were also given the optic of
iiiaking one or two firing passes per aircraft per run. During simulated mis-
s&,e firings, the pilots used the technique of "flying down the wire," i.e., flying
directly at the target at reduced air speed.

Data recording eq'idpment in the SS- 1 /UH- I helicopter consisted of event-
tlrning instruments, gun cameras, and misffile flight-time simulators. The
miesile flight-time simulator, shown in Fig. 13, was a device that indicated
the duration of SS-11 flight times at various attack ranges. On receiving an
announced range and fire command from the SS-11 gunner, the RAC analyst
occupying the jump seat between the pilot and gunner depressed the button on
the flight-time simulator corresponding to the estimated attack range rounded
to the nearest 500-m interval. Depressing the button caused a light in front of
the pilot to be illuminated for'the duration of the SS-11 flight. After the light
went ovit, indicating that the missile had reached the target, the pilot terminated
his forward flight by executing an evasive maneuver. A gun camera mounted
next to the gunner's sight photographed the target during the period of time
corresponding to missile flight to determine whether the target was within the
gunner's field of view at the moment of missile impact. The RAC analyst in
each helicopter recorded times of target acquisition, estimated ranges of initial
acquisition and fire, and ground-target location and defensive action. Time in-
formation recorded in the helicopters was torrelated with that recorded at the
ground sites through periodic countdown time checks.

Dismounted Ground Elements

The briefings presented to the killer teams having heliborne infantry were
simil,"z to those given to the SS- 1l/UH- 1 teams. Before lift-off, killer teams
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Fig. 13-Helicopter SS511 Mis.sile Flight-Time Simulator

Fig. 14-Simulated ENTAC Weapons System
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with ENTAC or recoilless-rifle. elements engaged in a thorough map study to
select landing zones, discuss the attack phase of the mission, and decide on
rendezvous locations. ENTAC elements were especially concerned with fHiding
a tactically sound firing position that offered line of sight to the targets.
Recoilless-rifle crews, on the other hand, were more interested in selecting
avenues of approach or ambush points that provided the opportunity to come
within 400 m of the enemy and still afforded suitable escape routes.

After lift-off the helicopter pilot employed nap-of-the-earth flight tech-
niques to deliver his infantry elements to the prearranged positions. On runs
with an active helicopter the pilot often made diVersionary landings before
and after dismounting his teammates in an attempt to confuse enemy elements
that might have visually or audibly acquired the helicopter. Active helicopters
also supported their teammates by attempting to provide suppressive fire as
the DKEs broke contact with the enemy. On receiving a radio-transmitted re-
quest from the ground-element leader, the helicopter pilot simulated 2.75-In.
rocket fire on the enemy target vehicles. On passive missions the helicopter
pilot was instructed to withdraw to friendly territory and wait until the dis-
mounted elements established radio contact to request pickup.

After delivery the DKEs proceeded on foot to the preselected attack posi-
tions. Each ENTAC crew consisted of two infantrymen accompanied by two RAC
data collectors simulating the ammunition handlers. ENTAC acquisitions a.21d
firings were ecorded on an Esterline-Angus instrument built into a simulated
ENTAC weapons system (see Fig. 14). Before the ENTAC crew was allowed
to engage an enemy target the missiles had to be wired to the guidance and
control station according to the operating instructions specified in training
manuals. 3 Each ENTAC firing was simulated by three 12-gage shotgun blaniks
fired in rapid succession. The ENTAC squad leader was equipped with a PRC-
25 radio.

Two recoilless-rifle crews were employed on all missions involving this
antiarrmor weapon. Each crew consisted of one infantryman equipped with a.n
M67 90-mm recoilless rifle and one RAC data collector simulating the ammu-
nition bearer. The RAC analyst collected acquisition and firing information
and recorded the crew's attack ard withdrawal routes on a 1:25,000 map. Time
data were obtained from stopwatches and were recorded using. procedures sim-
ilar to those followed by RAC analysts accompanying the infantry elements pro-
tecting the stationary ground complexes. Each recoilless-rifle round fired was
simulated by detonating a 12-gage shotgun blank.

One RAC analyst remained in the helicopter on each mission involving
dismounted ground elements. This analyst recorded takeoff times, weathei',
and other environmental conditions during the flights; map coordinates rf the
landing zones and pickup points; times of ground-element departure and return
to the helicopter; and acquisition and firing data for the helicopter on active
runs. He also plotted the flight path of the helicopter and took notes that aided
in the interpretation of the other data recorded. To assist in recording data
of a qualitative nature, all RAC analysts accompanying the killer elements
carried miniature tape recorders equipped with throat microphones.
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DATA ANALYSIS

GE'rERAL

This section presents summary data from the antiarmor runs, descrip-
tions of the performance measures considered, analyses of killer-team effec-
tiveness, and a discussion of the results obtained.

The experimental design shown in Table 7 was successfully completed in
June 1964 during 8 days of field activity. A brief description of the two-sided
action that occurred during each of the 40 experimental runs is presented in
App A. A detailed reconstruction of the sequence of events that occurred during
these runs is provided in App B.

TABLE 9
Designation of Experimental Runs

Ground target iOodtgtHelicopter Antiarmor
Run participation weapon

Stationary Fluid

1-1 to 1-4 X Weapons platform SS-11/UH-1
2-1 to 2-4 X

3-1 to 3-4 X
4-1 to 4-4 X Active support ENTAC

5-1ito 5-4 X
6-1 to 6-4 X Passive support ENTAC

61to 6-4 X
7-1 to 7-4 X X Active support 90-mm recoilless
8-1 to 0-4 Xrifle

-- 9-1 to 9-4 X10-1 to 10-4 X Passive support 90-mm recoilless
rifle

To aid in identifying individual runs in these appendixes and in the analyses
that follow, the numbering system shown in Table 9 has been employed. Each
experimental run is identified by two numbers. The first number indicates which
of the 10 antiarmor-weapon helicopter-participation target-movement combina-
tions the run involved. The second digit indicates which of the four runs for
each combination is being considered, e.g., a run involving stationary ground
targets in terrain I is described by the second digit 1, in terrain 2 by the second
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digit 2. For runs with fluid ground vehicles the second digits merely indicate
the chronological order in which the runs were conducted.

The overall analysis of the experimental data has been considered from
two viewpoints: killer-team attack performance and killer-team ,sur vivability."

In interpreting the results of these analyses the conditions and scope of
the antiarmor experiment should be borne in mind. The outcomes observed
were influenced by terrain, force structures, simulated fire, and tactical situation.

Terrain

The terrain utilized during the experiment was typical of that found in
northern Bavaria; it contained cultivated fields, wooded areas, and rolling hills.
These conditions permitted helicopter pilots to employ nap-of-the-earth flight
effectively and provided dismounted killer-team personnel with ample conceal-
ment. Frequently this terrain also benefited the ground-target vehicles. It
delayed their detection, afforded cover to fluid vehicles taken under fire, and
diminished the ability of ENTAC crews to obtain line of sight within the effec-
tive range of their antiarmor weapon.

Force Structures

The size and composition of the opposing forces must also be considered.
The addition of security elements to the dismounted killer crews would prob-
ably have enhanced their survivability. On the other hand, the employment of
additional infantrymen to protect the stationary and fluid complexes could have
reduced the effectiveness of the DKEs. Similarly the presence of aircraft on
the ground-vehicle side could have restricted the operation of the helicopter
killer teams.

Simulated Fire

The fact that all fire during the experiment was simulated reduced the
degree of tactical realism obtained. If the situations had involved live fire,
the helicopters and dismounted elements might have been less aggressive in
approaching the enemy target complexes and personnel in target complexes
under killer-team fire less prompt in responding with return fire. In addition,
on those missions in which the antiarmor crew(s) had not been acquired prior
to killer-team flie, the correctness of the ground-complex response may have
been dependent on the extent to which the simulated antiarmor fire reproduced
the visual and audible effects associated with actual fire.

Tactical Situation

The experimental results obtained were also influenced by the nature of
the tactical situation studied. Killer-team performance was enhanced by pos-
session of perfect intelligence concerning the location and direction of target-
vehicle movement but degraded by the target-complex personnel's suspicion
that their positions were known by opposing elements and that enemy attack
was imminent.
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KILLER-TEAM EFFECTIVENESS

A detailed analysis of killer-team effectiveness in attacking ground-target
complexes is presented in App C. The highlights of this analysis are summa-
rized below.

A wide range of outcomes was observed during the 40 experimental runs.
On a number of runs the killer elements were able to attack the enemy target
complexes and escape without being fired on in return. However, a total of 15
antiarmor missions or three-eighths of those conducted were completely un-
successful. On these 15 missions, killer elements were unable to acquire enemy
target vehicles on 7 occasions, established ambush points after the enemy tanks
had passed by on 2 missions, were intercepted or captured by enemy security
elements on 4 missions, and fired outside the effective range of their antiarmor
weapons on 2 other missions.

On 25 of the 40 runs, killer elements recorded at least one firing at an
enemy tank target within the effective range of their antiarmor weapons. On
these 25 potentially successful missions, killer-team elements engaged 41
enemy targets, firing a total of 65 wire-guided missiles or 90-mm rounds.
Of the 41 targets engaged, 8 were taken under fire by SS- 11/UH- i killer teams,
7 by ENTAC teams with active helicopter support, 7 by ENTAC teams with no
helicopter assistance during the attack phase of the killer-team mission, 8 by
recoilless-rifle elements with active helicopter support, and 11 by recoilless-
rifle crews with passive helicopter support. The killer elements engaged a
total of 18 targets in stationary complexes and 23 tank targets in the simulated
armor columns.

By combining the firing data recorded during the 25 potentially successful
killer-team missions with hit- and kill-probability information ,4-L estimates
of the expected number of enemy vehicles destroyed can be obtained and are
given in App C. Summary results indicate that approximately 20 enemy tanks
would have been knocked out of action. Of these 20 kills 4 were scored by the
SS-11/UH-1 killer teams (which usually consisted of two UH-1 aircraft), 3 by
ENTAC teams with active helicopter support, 2 by ENTAC teams with passive
helicopter support, 5 by recoilless-rifle teams with active helicopter assistance,
and 6 by recoilless-rifle teams with passive helicopters. Of the 20 kills expected
8 were against targets in the stationary complexes and 12 against fluid enemy
vehicles.

The estimate of 20 expected kills was based on the assumption that the
killer elements were still alive at the times the 65 potentially effective firings
against the 41 enemy targets were recorded. In the case of SS-1I/UH-1 teams
this assumption is questionable, since each SS-11 helicopter had been fired at
an average (mean) of six times for an average (mean) of 58 sec before the last
potentially effective missile had been launched. The SS-1 /UH-1 teams ex-
perienced considerable difficulty in acquiring enemy target vehicles; they were
unable to detect targets on any of their initial attempts to acquire stationary
vehicles, even though the ground-complex vehicles simulated large quantities
of fire at the attacking helicopters. On runs involving dismounted ENTAC and
recoilless-rifle teams, on the other hand, no firings were recorded against
helicopters prior to killer-element dismount on 12 of 19 potentially successful
missions and no firings against the dismounted killer elements on 18 of the 19
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missions. These results indicate that, if killer-team survival prior to fire is
to be considered in the analysis of killer-team performance, the expected num-
ber of kills scored by SS-Il/TJH-I teams should be discounted considerably
more than the expected number of kills scored by the ENTAC or recoilless-
rifle elements.

One of the most important findings of the expex iment is that helicopter
crews experienced difficulty in acquiring targets under the conditions examined.
It appears especially significant because the SS-II/UH-I crews were given the
exact map coordinates of stationary target complexes and the location and di-
rection of movement of the simulated tanks in the fluid complexes. Both the
pilots and the copilots, employed as SS-1I gunners, were skilled in acquiring
target vehicles. However, the natural camouflage used by the stationary ve-
hicle crews (see Fig. 6) successfully broke up the outline of the vehicles and
made acquisition at ranges greater than 1000 m very difficult, even with the
use of the XM-55 sight. Almost invariably the SS-ll/UH-1 crews were unable
to detect targets until the stationary complex vehicles disclosed themselves by
taking the helicopters under fire. In several cases (see App A) the helicopter
crews still could not acquire stationary targets, and launched their missiles
at the gunfire-simulator smoke. On runs with fluid target complexes the SS-
11/UH-1 crews were able to acquire tank targets on half of their initial passes.
None of the antiarmor missions achieved surprise, however; at least one heli-
copter was taken under fire on each run before an SS-11 missile could be
launched at a target vehicle. Difficulties in acquiring enemy ground elements
during simulated tactical conditions were also observed during other RAC field
experiments involving air-ground interactions.

Another major finding is that during the antiarmor missions observed,
active helicopter support did not enhance the performance of the DKEs. From

information given in App C it is apparent that during the attack phase of the
missions dismounted elements with no active support fired at as many targets
and as many rounds per target as dismounted elements supported by active
helicopters. During the withdrawal phase of the killer-team missions observed,
difficulties in coordinating air-ground attacks limited the effectiveness of heli-
copters in providing timely suppressive fire. It will be seen that on only one
potentially successful mission, in which the dismounted elements were supported
by active helicopters, was the helicopter crew able to arrive at the scene of
action and simulate suppressive fire before the enemy personnel had ceased
firing at the withdrawing dismounted elements; at best, helicopter fire would
have suppressed a total of only 12 sec of ground fire against the DKEs.

The analyses presented in App C also indicate that the antiarmor teams
were noticeably more effective in attacking vehicies with a movement mission
than in attacking vehicles in stationary complexes.

GROUND-COMPLEX ACTION AGAINST KILLER TEAMS

Four measures of ground-complex activity against killer teams were
studied in detail: (a) number of times killer elements were sighted, (b) number
of times killer elements were fired at, (c) number of 'seconds killer ciements
were within the view of ground-complex personnel, and (d) number of seconds
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TABLE 10
Summary of Ground-Target Action against Helicopters

Helicopter
Experimental Phase of killer-

run team mission- Sighted Fred at In vow Under fire

Occurrences Duration, sec

1-1 Entry 6 2 91 5
Attack 30 17 842 249

1-2 Entry 22 7 447 86
Attack 27 12 501 1391-3 Entry 27 13 461 61
Attack 21 14 747 160

1-4 Entry 15 7 308 67
Attack 8 4 307 53

2-1 Entry 7 1 74 15
Attack 12 6 215 39

2--2 Entry 6 1 255 12
Attack 3 3 238 26

2-3 Entry 13 5 393 90
Attack 2 2 127 58

2-4 Entry 1 0 56 0
Attack 6 6 175 82

3-1 Entry 1 0 12 0
Attack 13 10 370 197

3-2 Entry 10 1 166 8
Attack 22 6 367 553-3 Entry 3 0 172 0
Attack 15 6 597 1123-4 Entry 2 2 166 13
Attack 10 8 202 1354-1 Entry 0 0 0 0
Attack 6 5 175 35

4-2 Entry 6 1 189 13Attack 8 7 458 202
4-3 Entry 3 2 76 7

Attack 6 0 117 0
4-4 Entry 0 0 0 0Atta-,k 2 2 23 14
5-1 Entry 1 0 48 0

Attack 1 0 4 0
5-2 Entry 9 3 189 35

Attack 1 1 9 3
S-3 Entry 0 0 0 0Attack 1 0 7 0
5-4 Entry 15 10 263 75

Attack 1 1 94 19
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TABLE 10--Continued

S~Helicopter

Expe~rimenetal Phase of killer- Sighted Fired at In view Udrfr
ru temmiso Occur Irences Duration, sac

6-1 Entry 2 0 26 0
Attack 0 0 0 0

6-2 Entry 0 0 0 0
Attack 0 0 0 0

6-3 Entry 0 0 0 0
Attack 2 0 26 0

5-4 Entry 5 3 126 is
Attack 11 10 1810 333

7-1 Entry 5 4 131 80
Attack 12 9 364 110

7-2 Entry 4 1 66 12
Attack 6 5 135 52

7-3 Entry 1 0 155 0
Attack 6 2 151 11

7-4 Entry 2 0 81 0
Attack I1 5 308 86

8-1 Entry 0 0 0 0
Attack 0 0 0 0

8-2 Entry 0 0 0 0
Attack 5 4 81 26

8-3 Entry 0 0 0 0
Attack 7 3 293 40

8-4 Entry 0 0 0 0

Attack 2 1 55 7

9-1 Entry 13 5 204 23
Attack 1 0 4 0

9-2 Entfy 4 0 234 0
Attack 1 0 3 0

9-3 Entry 7 . 81 12
Attack 1 0 E 0

9-4 En try 2 0 34 0
Attack 1 0 6 0

10-1 Entry 0 0 0 0
Attack 0 0 0 0

10-2 Entry 0 0 0 0
Attack 0 0 0 0

10-3 Entry 0 0 0 0
Attack 0 0 0 0

10-4 Entry 1 0 8 0
Attack 1 1 28 7
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killer elements were under ground-complex fire. The basic experimental datb
for each of these measures are summarized I'n Tables 10 and 11. These data
have been used in the statistical analyses of ground-complex action against
killer-team elements presented in App D.

TABLE 11
Summary of Ground.Targot Action agalnst

Dismounted Killer Elements

Dismounted killer team
Experimental Sight, JFied at n iew Under fir

run of Inve ne

Occurrence* Duration, sec

3-1 I 1 45 10
3-2 0 0 0 0
3-3 3 1 i02 4
3-4 i 1 30 20
4- I 1 0 10 0
t-2 2 2 I' 31
4-_3 I 0 IP C
4- 1 I 1 13 6
5-1 I 1 C1 ' 2
5-2 1 I 21 10
5-3 0 0 0 0
5-4 0 0 0 0
6--1 0 0 0 0
6-2 3 1 30 6
6-3 0 0 0 0
6-4 2 2 72 20
7-1 3 1 29 7
7-2 2 I 21 2
7-3 2 2 61 30
7-4 o 0 0 0

8-1 3 3 74 18
8-2 0 0 0 0
8-3 5 3 169 29
8-4 3 3 101 14
9-1 1 0 6 0
9-2 3 1 24 1
9-3 I I 7 6
9-4 5 1 31 5

10-I 3 3 52 21
10-2 3 2 95 24
10-3 2 2 86 23
10-4 I 0 11 0

Appendix D analyses of helicopter elusiveness during the entry -t'd attack
phases of the killer-team mission indicate that (a) significantly fewer helicopters
were seen and fired at by fluid enemy vehicles durng helicopter entry into the
mission area than by vehicles in stationary complexes, and (b) during the attack
phase of the killer-team mission, some types of killer-team helicopters drew
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noticeably more fire than others; e.g., ground action against the SS-11 aircraft
and helicopters supporting dismounted ENTAC elements was particularly heavy.

Analyses limited to data for runs with DKEs revealed that (a) based on the
number of times helicopters were acquired and taken under fire, the amount of
enemy activity against passive helicopters was significantly less than against
helicopters that provided active support, and (b) vehicles in stationary enemy
complexes acquired significantly more helicopters than vehicles in fluid complexes.

In addition, analys:s based on the evasiveness of DKEs indicated that no-
ticeably more acquisitions and firings were recorded against recoilless-rifle
crews than against ENTAC teams.The experimental :results summarized in this chapter indicate that the
antiarmor teams observed during the RAC field experiment did not achieve the
degree of success attained by tank-killer teams during FTX YELLOW WEDGE.
Direct comparisons of da('a from the two field ventures are tenuous at best.
It may be useful, howeve,, to point out several fundamental differences between
YELLOW WEDGE and the RAC test that could lead to a variation in the outcomes
observed. These include

(a) Differences in tli,i! targets engaged. All the targets engaged by killer
elements during FTX YELLOW WEDGE were fluid ones; no missions were
flown against stationary ta.irgets in well-concealed positions. In YELLOW
WEDGE, moreover, the enebmy elements attacked were frequently targets of
opportunity; during the RA'C experiment, on the other hand, all missions were
flown against designated target complexes.

"_ (b) Differences in enemy personnel. The ground personnel during the
RAC experiment suspected that their vehicles were being employed as targets
and consequently were continually expecting to be attacked by enemy elements;
they always had the benefit of friendly security forces. In addition, the RAC
target-complex personnel were never faced with the problem of how to respond
to helicopter sightings as were the YELLOW WEDGE personnel. These dif-
ferences help to account for the difficulties in achieving surprise that were
encountered by antiarmor teams during the RAC experiment.

(c) Differences in (valuation procedures. The fact that the YELLOW
WEDGE missions were evaluated by umpires and the RAC missions on the
basis of information collected by data-recording instruments could lead to
differences in the assessment of mission success.

4
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General

This appendix presents a brief qualitative description of the two-sided
action that occurred during each experimental run. The synopses presented
were compiled from five data sources: (a) event-sequence recorders, (b) gun-
camera film, (c) miniature tape recorders, (d) information recorded by RAC
analysts during each run, and (e) debriefings of killer-team and ground-complex
personnel at the conclusion of each run.

On the first six experimental runs described, two UH-iB aircraft were
employed on each run. The employment of two helicopters is consistent with
the current practice of using pairs of aircraft on tactical missions of the type
studied. Because of other training commitments, however, only one UH-lB
was available for runs 2-3 and 2-4.

During the experimental runs with stationary target vehicles the killer
teams were given the location of the target complex. The killer elements were
instructed to destroy all vehicles acquired in this complex. In the descriptions
that follow the target complex is referred to as the A complex. The killer teams
were not given the coordinates of the secondary targets inthe B complex but
they were informed that unreported enemy elements mightbe present within
the mission area.

Although it would have been desirable to terminate each run as the killer
elements were leaving the mission area, it was necessary to call administrative
ends to several runs. During these runs one of the following situations was
encountered: (a) the killer team became completely lost, (b) the killer team
was unable to obtain line of sight to the target vehicles, or (c) the killer team
was physically captured or fired on at point-blank range.

SS-1I/UH-1, Stationary Targets

Run 1- 1. The two helicopters experienced difficulty in acquiring enemy
ground targets. The target complexes were alerted to the general location of
the aircraft by engine noise. Both helicopters sustained heavy fire. The lead
aircraft launched its first missile 1500 m from the target complex without hav-
ing acquired a specific target but having seen only gunfire-simulator smoke.
On this helicopter's second pass, a target was acquired and fired on from ap-
proximately 2000 m. The second helicopter did not acquire a target on the first
pass and was unable to fire on a second pass because the lead aircraft turned
in front of the second as the second helicopter was preparing to fire.

Run 1-2. The helicopters were repeatedly acquired and taken under fire
before any ground elements were acquired. The first aircraft fired at a vehicle
in the secondary, B, complex at 1200-m range and then veered and launched
another missile at a target in the A complex at a range of 900 m. The second
helicopter also fired his first missile at a B-cornple, x vehicle. After regroup-
ing, the two helicopters made another pass. One fired at the B complex and the
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other at the designated target complex at ranges of 2000 knd 1300 m, respect-
ively. Both aircraft sustained heavy ground fire.

Run 1-3. The helicopters were seen and fired on repeatedly before they
launched their missiles. The first helicopter could not sight a target and in
attempting to employ reconnaissance by fire the pilot launched two missiles.;
toward the B-complex woodline at ranges of 1500 and 1000 m. The second air-
craft sighted targets in the A complex from gunfire-simulator smoke and fired
twice at target vehicles at ranges of 1000 and 2400 m. The second helicopter's
attack, however, lacked surprise and the aircraft sustained heavy ground fire.

Run 1-4. The aircraft were unable to identify specific targets. After the
first helicopter made a pass to draw fire, the second aircraft launched a missile
toward the ensuing gunfire-simulator smoke. Both fired from less than 800 m
and both sustained considerable ground fire.

SS-11/UH-1, Fluid Targets

Run 2- 1. The first aircraft attacked the lead vehicle of the armor column.
The firing pass was made across an open field 1500 m from the target. The
second helicopter was unable to acquire a target until the aircraft had come
within a range of 3n0 m.

Run 2-2. While leaving a small town the armor cc;umn observed the two
helicopters at far range. The helicopters erroneously took the security vehicles
for their prime targets and attacked them. One aircraft made a second pass
and fired at a scout vehicle at a range of 2000 m.

Run 2-3. The helicopter was able to locate the column with no difficulty
but was i epeatedly fired on prior to acquiring it. One of the ground vehicles
was able to fire at the aircraft for approximately one full minute. The aircraft
launched a missile at te lead armored vehicle at a range of 1500 m. The attack
lacked the element of surprise.

Run 2-4. One of the security elements observed the helicopter and alerted
the column. The helicopter launched a missile from 2000 m and closed on the
column rapidly, sustaining fire from three ground elements.

ENTAC, Active Helicopter, Stationary Targets

Run 3ý-1. The aircraft was initially detected at 3000-m range by a vehicle
in the A complex. Infantry from the A complex were dispatched to investigate
the suspected helicopter landing area. After dismounting the ENTAC crew the
aircraft fired at the A complex on three occasions to assist the ENTAC crew in
acquiring target vehicles. The ENTAC crew, however, was.unable to acquire
a target and returned to the pickup point. When the helicopter landed to retrieve
the dismounted ground elements, the infantry from the A complex attacked the
landed aircraft and ENTAC personnel, firing many simulated rounds at close
range.

Run 3-2. Prior to dismounting the ENTAC team the helicopter was fre-
quently sighted. During their attack the dismounted ground elements were unable
to find an advantageous firing position that offered line of sight to any target ve-
hicles. When the helicopter attempted to direct the ENTAC crew to satisfactory
firing positions, the aircraft was fired on by the B complex. During the run
neither the aircraft nor the ENTAC crew engaged any enemy targets.
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Run 3-3. The aircraft was sighted early in the run by both target com-
plexes at ranges in excess of 4000 m. The ENTAC crew was dismounted be-
hind a woodline about 1300 m from the target. The dIsmounted elements
acquired one target and fired two missiles, drawing immediate return fire.
The helicopter provided simulated 2.75-in. rocket fire during the withdrawal
of the ENTAC crew. Approximately 5 min after furnishing suppresstve fire
the helicopter picked up the ENTAC crew. After accomplishing the rendezvous
operation the helicopter was fired on three times by enemy elements.

Run 3-4. While the ENTAC personnel were departing from the helicopter,
the B complex reported the landing of an aircraft and both complexes dispatched
infantry to the suspected position of the ENTAC team. The helicopter attempted
to provide diversionary fire and received return fire from both complexes. As
the ENTAC crew was setting up their weapons system they were surrounded
and fired on at point-blank range by infantry from both ground-target complexes,

FNTAC, Active Helicopter, Fluid Targets

Run 4-1. The ENTAC crew dismounted from the helicopter without being
detected and set up an ambush position 800 m from the column's line of march.
The ENTAC team fired twice at the lead element in the column. Two minutes
later the helicopter made a firing pass in an attempt to provide suppressive fire
to cover the escape of the ENTAC crew. By this time, however, the security
vehicles had regrouped around the column and the aircraft was fired on by four
different enemy elements. The dismounted ground elements were recovered
without further incident.

Run 4-2. The aircraft made several diversionary landings prior to dis-
mounting the ENTAC personnel. On one of these landings the helicopter was
detected by both the security elements and the vehicles in the column. After
discharging the ENTAC team, the aircraft received heavy ground fire while
en route to a holding area. The ENTAC crew established a firing position ap-
proximately 500 m from the target vehicles. Two ENTAC missiles were fired
at the lead element in the column from this range. The helicopter attacked the
column approximately 1 min later, but by this time the ENTAC crew had with-
drawn from their ambush position.

Run 4-3. The helicopter was observed and fired on twice while making
several diversionary landings prior to dismounting the team. On this run the
false landings decoyed the security elements to wrong locations. The ENTAC
crew engaged both armor column vehicle., at a range of 1400 m without drawing
retvrn fire. The helicopter's diversionary-fire pass also achieved complete
surprise. The ENTAC crew was recovered without further incident.

Run 4-4. The ENTAC crew waited in ambush for 10 min before the col-
umn's security elements were detected. The ambush position was 1500 m from
the route of march and provided excellent concealment. Both column vehicles
were taken under fire. The helicopter toQk the column under fire 40 sec later.
During the run the dismounted ground elements were fired at once and the heli-.
copter twice.

ENTAC, Passive Helicopter, Stationary Targets ,

Run 5-1. The ENTAC team dismounted behind a woodline 800 m from the
designated targets. Although the A complex heard the helicopter land, its infantry
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were unable to get to the area of suspected killer-team activity in time. The
ENTAC crew fired at the two A-complex vehicles at 550-m range. Neither
the helicopter nor the dismounted ground elements were fired on during the
pick-up phase of the killer-team mission.

Run 5-2. The helicopter was sighted by both target complexes and taken
under fire by the B complex prior to dismounting the ENTAC crew. Infantry
from the two target complexes were dispatched to clear an area of suspected
enemy activity. The ENTAC crew fired one missile from a hastily prepared
position at less than the weapon's minimum range. Before the ENTAC crew
could withdraw they were surprised and overrun by the infantry from the
A complex.

Run 5-3. The ENTAC team was dismounted approximately 2% km from
their stationary ground targets. The dismounted ground elements became lost
in their attempt to acquire the enemy vehicles and were retrieved by the heli-
copter 1 hr and 20 min later.

Run 5-4. While the pilot was locating an advantageous landing area, the
helicopter was sighted and fired on by both complexes at ranges from 700 to
1300 m. After landing the ENTAC crew the pilot withdrew to a holding area.
The ENTAC crew fired at the two A-complex:: vehicles from 1000 m and made
an undetected escape.

ENTAC, Passive Helicopter, Fluid Targets

Run 6-1. The helicopter was sighted by the column early in the run at a
range tl texceeded 3000 m. The ENTAC teanm was dismounted undetected,
but was unable to complete the setup of their weapons system before the column
passed by their vantage point. The helicopter recovered the team without incident.

Run 6-2. The heliborne ENTAC crew was deployed successfully in a wood-
line 800 m from the expected line of march of the armor column. After avoiding
the security elements that came near the ambush position, the ENTAC crew
fired at both column vehicles. During the ENTAC team's withdrawal, both col-
umn elements acquired the DKEs and one enemy vehicle took them under fire.

Run 6-3. The dismounted ENTAC crew established a firing position near
the edge of a woods 1000 m from the column's expected route of march. When
the reconnaissance vehicles providing security for the col'tmn approached the
ambush position the ENTAC crew withdrew into the woods to avoid detection.
Before the crew was able to rewire the ENTAC system the column had passed
by the firing position. The ENTAC crew was recovered without further incident.

Run 6-4. Elements of the security forces and the armored column acquired
and fired at the aircraft prior to ENTAC team dismount. After delivering the
ENTAC crew the pilot landed the helicopter behind a wooded knoll 800 m from
the expected enemy route of advance instead of assuming a passive role and
withdrawing to friendly territory. One of the scout vehicles obqerved the air-
craft's rotor above the masking vegetation. After this reconnaissance vehicle
had alerted the other scouts and the column vehicles, all five ground elementstook the helicopter under sustained fire. The ENTAC squad fired a missile at

the head of the column from 700-m range but was quickly overrun and cut off
from retreat.

47



Recoilless Rifle, Active Helicopter, Stationary Targets

Run 7- 1. While attempting to dismount the recoilless-rifle teams the
helicopter landed less than 400 m from the B complex and sustained heavy
ground fire. After a rapid lift -off the pilot selected a new dismount point and
made an undetected landing. The DKEs requested that the helicopter simulate
rocket fire at the target complex in order to draw return fire. When the ground
complex took the helicopter under fire the DKEs acquired targets in the A com-
plex. After creeping to within 30 m of the target vehicles the recoilless-rifle
elements fired 2 rds at each target. During the recovery portion of the killer-
team mission, both the helicopter and the dismounted ground elements were
taken under fire.

Run 7-2. The aircraft was sighted four times and fired at once prior to
landing the heliborne infantry. Both armored vehicles in the target complex
reported sighting enemy ground elements but lost contact prior to firing at them.
The DKEs then fired 2 rds at each target from a position 200 m to the target's
rear. The helicopter pilot supported his dismounted teammates by simulating
2.75-in. rocket fire on the A complex but in doing so directly exposed himself
to the B complex, whose vehicles were able to fire one long burst at close range.

Run 7-3. The helicopter was sighted when it landed too close to the target
complex. Infantry of A complex ran to the landing zone and opened fire on the
helicopter and dismounted infantry as the aircraft was lifting off and as the
recoilless-rifle personnel were running for cover. The DKEs were captured
by additional infantry dispatched from the ground complexes.

Run 7-4. Infantry from the A complex sighted the helicopter when it
landed to deliver the recoilless-rifle crews and investigated the suspected
landing area but made no contact with the killer elements. While attempting
to assist the recoilless-rifle personnel in acquiring target vehicles the air-
craft was sighted and fired at by the B complex at ranges of 600 to 800 m.
After an hour the recoilless-rifle team still had not acquired any target ve-
hicles. Just prior to recovering the dismounted elements the helicopter fired
at the target complex and drew heavy return fire.

Recoilless Rifle, Active Helicopter _ Fluid Targets

Run 8-1. "The killer elements were dismounted unobserved. While con-
ducting their security mission the lead scout vehicles made contact with the
recoilless-rifle crews, drew their fire, and prevented their escape. Because
the attention of the ground vehicles wac focused on the DKEs the helicopter
was able to make a firing pass without encountering return fire.

Run 8-2. The recoilless-rifle team was dismounted without being ob-
served; they became disoriented, however, and set up an ambush position along
the wrong road. Radio communications problems between the dismounted ele-
ments and the aircraft prevented the coordination of air-ground killer -ctivites.
The helicopter surprised the column with a close-range strafing pass out was
fired on by several enemy vehicles. The dismounted recoilless-rifle personnel
were later recovered without incident.

Run 8-3. After dismounting undetected the recoilless-rifle crews am-
bushed the column at ranges of 150 and 200 m. While attempting to withdraw
to a prearranged pickup point the DKEs were acquired and taken under fire.
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The group of trees in which they had been hiding was surrounded by enemy
scout vehicles. After several attempts to elude the enemy elements the
recoilless-rifle team was cornered and fired on at point-blank range.

Run 8-4. The recoilless-rifle crews reached their destination unobserved.
They took both armored elements in the column under fire at a range of 200 m.
The helicopter pilot provided suppressive fire but not until after the column
vehicles had returned the recoilless-rifle fire. During the withdrawal of the
DKEs they were acquired and taken under fire at 50-m range by one of the
enemy reconnaissance vehicles.

Recoilless Rifle, Passive Helicopter, Stationary Targets

Run 9-1. The helicopter was fired at five times prior to dismounting
the recoilless-rifle crews. The DKEs acquired the two vehicles in the A com-
plex and took them under fire at 350-m range. Although the recoilless-rifle
team was observed briefly, they were not fired on and were recovered by the
helicopter unobserved.

Run 9-2. The target complex was alerted to the presence of enemy ac-
tivity early in the run when the aircraft exposed itself briefly while on the way
toward a preselected landing site. The helicopter was heard setting down be-
hind a woodline, and infantry were dispatched to intercept the attacking elements.
The dismounted recoilless-rifle team avoided the opposing infantry and each
crew fired 2 rds at A-complex vehicles positioned 200 and 400 m from the killer
elements. While withdrawing, the recoilless-rifle team was briefly sighted and
fired at by elements of the target complex.

Run 9-3. The helicopter was seen by both ground complexes during the
entry hase of the killer-team mission. As the aircraft was landing to dismount
its heliborne infantry, it was acquired audibly by elements in the A complex.
Infantry dispatched from this complex surprised one of the approaching recoilless-
rifle crews and captured them. Additional infantry elements from the ground
complex pursued the other half of the recoilless-rifle team beyond the effective
range of the 90-mm weapon.

Run 9-4. The helicopter was sighted by members of the A complex as it
disappeared behind a woodline approximately 1000 m from the ground complex.
As infantry from the A complex approached them, the DKEs fired at the ground-
target vehicles at ranges that exceeded the effective range of their 90-mm
weapons. The ground-complex infantry encircled the x ecoilless- rifle crews
and fired at them at less than 50-m range.

Recoilless Rifle, Passive Helicopter, Fluid Targets

Run 10-1. The heliborne killer elements dismounted and established an
ambush position without being detected. Each recoilless-rifle crew fired 2 rds
at preselected column targets at 200-m range, drawing return fire from both
armor vehicles in the column. One ground security vehicle attempted to cut
off the DKEs' withdrawal and was ambushed I y the recoilless-rifle team at
30-m range.

Run 10-2. The helicopter delivered the ground portion of the killer team
without incident. Security elements of the approaching column observed one
of the recoilless-rifle squads crossing a road and maneuvered to attack. Shortly
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after one of the scout vehicles fired at the heliborne infantry observed, the
undetected recoilless-rifle crew fired at the lead element of the armor column
at 150-m range.

Run 10-3. The helicopter delivered the DKEs to a wooded position 250 m
from a suitable ambush site. The security elements passed by without making
contact with the killer teams. Each recoilless-rifle crew fired 2 rds at the
columna vehicles from ranges of 30 and 80 m. The killer elements were ac-
quired by the vehicles in the column and fired on as they retreated. No acquisi-
tions of the helicopter were recorded during the killer-team mission.

Run 10-4. The aircraft pilot landed his teammates about 200 m from the
expected route of enemy advance. At 100-m range the recoilless-rifle team
fired a total of 4 rds at the two column vehicles and then withdrew without being
fired on in return. After picking up the DKEs the helicopter was taken under
fire by one of the column's security vehicles.
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Appendix B

RECONSTRUCTION OF EVENTS DURING EXPERIMENTAL RUNS

Tables
BI -B40. Reconstruction of Events

B!-B4. In Runs 1-1-1-4 52
B5-B8. In Runs 2-1-2-4 55

B9-B12. In Runs 3-1-3-4 57
B13-B16. In Runs 4-1-4-4 59
B17-B20. In Runs 5-1-5-4 60
B21-B24. In Runs 6-1-6-4 62
B25-B28. In Runs 7-1-7-4 63
B29-B32. In Runs 8-1-8-4 65
B33-B36. In Runs 9-1-9-4 67
B37-B40. In Runs 10-1-10-4 68

51



This appendix presents a reconstruction of the sequence of events th:k
occurred during the 40 antiarmor-experiment runs. The basic data shown in
the appendix tables were obtained from the event-sequence recorders and the
stopwatches carried by elements on each side. The elapsed times shown in
each table represent the number of minutes and seconds that passed after each
killer team departed from the staging area at Schwabach.

TABLE BI

Reconstruction of Events in Run 1-1
(SS. 1/UH.1, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event ntin:sec

A2 acquires II fi: tO 27 ItI itrquires II 15:28
2 A3 at quires It 7:227 2H t2 acquires II I15:31
3 A2 acquires II 7:24 29i 11:1 acquires II 15::12
4 A3 fires Lit II 7:f2Q 10 III begins firing pass 16: 41
5 BI acquires II 8:2H :i .A3 acquires if 10: :9
6 112 acquires II 8:31 32 t11 fires tit A 17:00
7 H12 fires at I 8:34) 33 A. acquires Il, 112 17:31
8 II, acquires II :h U 3t A3 acquires II 1801

:135 A2 tcqui-es II 18:24
9 III beginis firing piss 10:29 3t) Al fires a, I[it. 112 18:32

10 A3 acquirei; II 10:35 17 113 acquires II 18:51
11 A2 acquires II 10:39 .18 111 acquiret ;; 18:52
12 U1 fires ait I 10:39 39 112 acquires iH 18:52
13 III fires at A 10: 10 IV) IIl fires at II 18:53
14 A2 fires it 11 10: It IB3 fires at II 18:57
1S 113 acquires Ill. 112 10: r7 ) 1.2 112 fir,!s at ii 18:59
15 Al acquires 'I 10:5,4. 43 A2 acquires II 19:19
17 IIt acquires II 10:M6 1.1 AI acquires I 19:22
18 132 acquires If. 112 10:57 45 113 acquires II 19:25
19 BI fires at II 11:01 16 Ill acquires II 19:27
20 112 fires at II, 112 11:07 L"7 Ill fires at II 19:28
21 113 fires at III1 IN1 11:08 443 A3 acquires II 19:36
22 111 acquires 11 1 i:30 19 A3 fires at Ii 19: 40
23 B11 fires at II 11:31 50 A2 acquires II 19:44
24 A2 acquires II 11:55 51 A2 acquires II 20:28
25 1B2 acquires II 12:09 52 A2 acquires If 22:36
26 B2 fires at If 12:19 53 A2 fires at II 22:37

In Tables Bl-B40 the following nomenclature is used to identify individual
elements: H for one helicopter; H1 and H2 for two helicopters; DKE for dis-
mounted killer elements of the killer team; Al and A2 for stationary vehicles
in the A complex; A3 for infantry attached to the A complex; B1 and B2 for
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TABLE B2

Reconstruction of Events in Run 1-2
(SS.11/UH-1, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min;see

1 113 acquires II 14:to 35 II1 fires at A 35:09
2 R12 acquires II 14t:40 36 112 acquires II 35:19
:1 A3 acquires II 17:06 17 112 fires at I1 35:26
t A3 acquires I1 19:37 3H 112 fires at II :35:32
5 I11 acquires II 20:30 319 A3 acquires II 35:33
6 112 ,icquires II 22:15 to A2 acquires II 35:.6

112 fires at II 22:21 I.I Ill atcquires II :15:52
8 113 acquires II 22:26 .12 11:1 acquires II 35:57
9 112 acquires II 23:59 13 I11 fires at II 35:57

10 112 fires at II 24:02 tt A2 acquires II :16:05
I1 A3 acquires II 25:19 05 A3 acquires II 36:06
12 11 acquires II 25:20 46 A3 fires at II 36:16
13 III fires at II 25:21 17 Al acquires II :36:20
1]1 :13 acquires II 25:36 I8 A2 acquires II 36:30
15 112 acquires II 25:16 .19 113 fires at II 36:32
16 I11 acquires II 25:17 50 A3 acquires It 36:34

17 11:1 acquires II 25:50 51 %:3 fires at II 36:37
18 112 fires at II 26:30 52 11:1 acquires II 36:52
19 A3 acquires II 26:57 53 113 fires at II 36:54
20 i1l acquires II 27:07 54 II1, 112 begin firing runs :18:53
21 I1I fires at II 27:08 55 III fires at A 39:01
22 112 acquires II 27:09 56 112 fires at 11 :19:04
23 A2 acquires II 27:11 57" A 2 acquires II :19:14
2t1 112 fires at If 27:12 58 A2 acquires II 39:26
25 113 acquires I 27:36 59 A2 acquires III. 112 39:53
26 112 acquires II 27:43 60 A3 acquires I, 1, 112 40:04
27 11:1 acquires II 27:,43 61 I1l acquires III, 112 40:13
28 112 fires at II 27:40 62 113 acquires I11, 112 10:13
29 A3 acquires II 32:34 631 112 acquires 111, 112 40:16

64 112 fires at I1 40:18
:30 III begins firing pass :14:02 65 A3 fires at II 40:28
31 112 acquires II :1,1:12 66 Al acquires If 40:31
32 B2 fires at IH 41:17 67 ill fires at II1, 112 40:35
33 II1 fires at II 34:131 68 112 acquires 11 41:36
34 A2 acquires If 34:55 69 12 fires at HI 41:37

stationary vehicles in the B complex; B3 for infantry attached to the B complex;
Cl and C2 for elements in the armor column; and S1, S2, and S3 for the scout
vehicles providing route security for the column.

For analytical purposes the runs have been divided into three phases:
(a) killer-team entry, (b) killer-team attack, and (c) killer-team withdrawal.
On runs involving DKEs the attack phase of the mission is considered to begin
with heliborne infantry dismount and the withdrawal phase with the pickup of
the dismounted elements. On runs involving the SS-ll/UH-1 weapons system
the distinction between the three phases is less clear; for convenience the
attack phase is assumed to begin when the lead helicopter begins his firing
pass and the withdrawal phase, when the lead helicopter is about to leave the
mission area.
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TABLE 83

Reconstruction of Events in Run 1.3
(SS. 1 1/UH. 1, stationary C. '9ties)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

I A2 acquires II 6: Itf 41 11 begeins firing..pass 19:01

2 A3 acquires II 7:3H 12 II1 fires at IH 19:20
3 Al acquires II 7:51 13 III acquires II N 19:29
4 Al fires at II 8:12 1.1. 113 acq.Jiree. II 19:30

5 V) acquires II 8: 1.3 1. 112 aitquires II 19:30
6 111 acquires II 10:12 16 I1l fires at II 19:31
7 112 acquires II 10:13 1,' :2 atcquires II 19:32
8 113 acquires II 10:16 18 112 fires at II 19:36
9 112 fires at II 10:17 19 AI acquires II 19:36

10 BI fires at II 10:18 l 50 Al fires at 11 19:12
11 1B2 acquires It 10:38 51 it2 fires at II 19:52
12 BI acquires If 10:39 52 .112 acquires 11 20:12
13 132 fires at II 10:40 53 112 fires at If 20:13
141 I3 fires at II 10:,10 5.1 III acquires II 20:14
15 A2 acquires II 11:56 55 A2 acquires 11 20:20
16 A2 fires at II 12:04 56 133 acquires If 20:23
17 A2 acquires If 12:51 57 A2 fires at II 20:25
18 A2 fires at II 12:56 58 A3 acquires if A2:30
19 A3 acquires II 12:57 59 112 begins firing pass 21:17
20 Al acquires II 13:03 60 112 fires at A 21:28
21 A2 acquires II 13:32 61 A3 acquires If 21:32
22 Al acquires II 13:37 62 A2 acquires If 21:35
23 A2 fire, at If 13:47 63 A2 fires at II 21:,43
24 113 acquires II 13:56 64 A3 fires at II 21:44
25 B2 acquires II 13:57 65 Al acquires II 21:46

26 B3 fires at II 13:59 66 Al fires at If 21:50
27 B2 acquires II 14:41 67 1 H3 acquires If 21:56
28 131 acquires II 141:42 68 1B2 acquires II 21:56
29 131 fires at II 14:44 69 Ill acquires If 21:57
30 A2 acquires II 14:46 70 B1 fires at II 21:58
31 HI acquires If 14:54 71 B2 fires at If 22:01
32 B1 fires at 11 14:54 72 112 begins firing pass 22:12
33 B2 acquires H1 14:54 73 112 fires at A 22:20
34 132 acquires H1 15:41 74 Al acquires I1 22:28
35 B1 acquires 1i 15:42 75 A3 acquires I1 22:47

36 B3 acquires If 15:52 76 133 acquires II 22:54
37 B2 fires at 1| 15:54 77 B2 acquires 11 23:00
38 A2 acquires If 16:09 78 B2 fires at II 23:04
39 A3 acquires 11 16:10 79 Al fires at If 23:06
40 A2 fires at H 16:12 80 A3 fires at H 23:10

81 A2 acquires If 23:13
82 A2 fires at 11 23:44
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TABLE B4

Reconstruction of Events In Run 1.4

(SS. I 1/UH. 1, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:see Symbol Event min:sec

I Al acquires II 6:01 21 Il1 begins firing pass 14:39
2 82 acquires IH 6:16 22 I11 fires at B 14:45
3 D2 firest at II 6:18 23 i11 acquires II 14:48
4 B3 acquires Il, 112 6:22 24 DI fires at II 14ý48
5 A2 acquires II 6:33 25 B2 acquires II 14:54
6 A3 acquires Ill, 112 6: 11 26 113 acquires II 15:04
7 A2 fires at II 6:41 27 112 fires ut t1 15:04
a I1 acquires if 6:41 28 A3 acquires II 15:07
9 81 fires at H1 7:00 29 A2 acquires II 15:09

10 B3 acquires II 7:00 30 Al acquires II 15:10
11 83 fires at If 7:14 31 Al fires at tl 15:10
12 Al acquires If 9:39 32 112 begins firing pass 15:10
13 A3 acquires II 9:39 33 112 fires at B 15:18
14 A3 fiees at H 9:53 34 A3 fires at It 15:19
15 A2 acquires H 10:05 35 133 acquires if 16:20
16 A3 acquires II 11:51 16 1B2 acquires If 16:22
17 B1 acquires 11 13:58
18 BI fires at If 14:02
19 BI acquires 11 14:34
20 BI fires at II 14:34

TABLE B5

Reconstruction of Events in Run 2-1
(SS-11/UH-1, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 C1 acquires IH 7:49. 15 SI acquires H1 10:35
2 C2 acquires HI 7:55 16 112 begins firing pass 11:20
3 C1 acquires HI, H2 8:12 17 H2 fires at C 11:32
4 Cl fires at H 8:17 18 Cl acquires H 11:33
5 Si acquires H 8:23 19 C2 acquires H 11:35
6 C1 acquires H 9:07 20 C2 fires at H 11:40
7 C1 acquires H 9:51 21 CI fires at H 11:41

22 S3 acquires H 11:43
8 HI begins firing pass 9:55 23 SI acquires 11 11:50
9 HI fires at C 9:57 24 CI acquires l1 11:53
t0 C1 fires at H 10:06 25 C2 acquires H 11:54
11 S2 acquires H 10:09 26 S3 fires at [1 11:56
12 C2 acquires II 10:14 27 C1 acquires H 12:31
13 S2 fires at 1-I 10:17 28 Cl acquires HI, H2 12:55
14 C2 fires at H 10:22
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TABLE 86

Reconstruction of Events in Run 2-2
(SS-11/UH.11, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 (C2 acquires 11 9:34 9 C1I fires at If 13:30
2 CI acquires 111, 112 9:,K) 10 Cl fires tit 11 13:34
3 S3 acquires If 12:28 11 S3 acquires If 141:12
4 SI acquires If 12:38 12 112 begins firing pass It: 17
5 S3 fires ait If 12: l4- 13 112 fircs ait S 14:24
6 SI acquires If 1 2:S8 14 S3 fires at il 1-1:31

15 Sl acquires If 114:11
7 Ill, 112 begin firing pfiss 131:0 1 16 C2 acquires If 14:46
8 Ill, 112 fire at S 13:06

TABLE B7

Reconstruction of Events in Run 2.3
(SS- I /UN. 1, fluid targets)

Elapsed Elapsed
tme, time,

Symbol Event ,nin:sec Symbol Event min:sec

I C I acquires 11 19:59 1.1 C2 fires ait 11 34:42
2 S3 acquires If '20:00 15 CI1 fires at If 34:43
3 S3 acquirest If 23:52 16 S2 fires at 11 34:43

4 CI acquires 11 '24:32 17 SI auquires 11 3:14:8
5 CI acquires 11 28:26 18 SI fires tit 11 3 1:52
6 S2 acquires If 2k: V1l
7 C2 acquires 11 28:58 19 11 begins firing pass 34t:55
8 SI acquires 11 29: 14 120 H fires at C 35O0
9 CI acquires If 1ý9: 16 21 C2 acquires 11 35:08

10 C I fires at 11 29:38 2 2 SI acquires If 35:09
11 S2 acquires if 31:31 23 C:2 fires at If 15: 10
12 C:2 acquires 11 34:34 24 SI fires at If 35:14
13 C I acquires If 34:39

TABLE 88

Reconstruction of Events in Run 2-4
(SS- I hUH- 1, f luid targets)

Elapsed Elapsed
time, time,

Symbol Event minwsec Symbol Event min:sec

1 S2 acquires 11 11:24 8 Cl fires at If 12:37
9 C2 fires at HI 12:38

2 H begins firing pass 12: 25 10 S3 acquires H 12:39
11 S3 fires at if 12:42

3 32 acquires 11 12:26 12 C2 acquires Hf 13:39
4 C2 acquires 11 12:28 13 C2 fires at if 13:41
5 S2 fires H-.1 12:29 14 CI acquires H 13:43
6 If fires ut C 12:30 15 CI fires at 1I 13:47
7 C1 acquires if 12:33
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TABLE B9

Reconstruction of Events in Run 3-1
(ENTAC, active helicopter, stationary targets)

E lapsed Elapsed
time, I tme,

Symbol Event min:sec Symbol Event min:sec

I Al act airi's 11 20:38 15 %X3 acquires 11 15: 1:1
2 If dismounts DKEI 23:55:1 16 A2 acquires 11 t5: W

17 A. fires l 1: 13

3 At acquires 11 24:11 18 11 fires at A t6:00

41 U fires ait 11 2 1:4t1 9 A3 acquires If to:0 1
5 Al acquires 11 26: F- 20 Al titquires 11 t6:07
6 A2 acqu ires If :12: 1. 21 M fir's ait 11 t6:07

7 A2 fires at HI T.1:58 22 11 fires ,tt A 46: 33
8 If fires ait A 33:28 23 A I acquires 11 47: 20
9 Al acquires 11 313:410 21 Ak I fires tit 111:

10 Al fire tit 11 33:10O 25 Al acquires If 47:47
11 Al acquires If 45:00 26 % I fires tit 11 t7:47
12 Al fires at If 15:01 27. V1 acquires 11, DKlE 48:35
13 A2 acquires 11 1l5: 0)1 28 VI fires at 11, DKE t8:50
14 A2 fires at 11 -5:08

TABLE BIO

Reconstruction of Events in Run 3-2
(ENTAC, active helicopter, utationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 112 acquires If 21:48 22 tiI fires it 11 If: 12
2 112 acquires II 22:03 23 11:3 acquires II 1:322
3 82 acquires If 22:17 24 ,A3 acquires II 44:31
4 12 fires at 11 22:19 25 A2 acquires II 41:31
5 A4 acquires II 22:23 26 13 acquires I1 47:(11
6 113 acquires II 22:29 27 1A2 acquires II t8:13
7 1A2 acquires II 23.'.58 28 1:1 fires at H 4.:317
8 B3 acquires 11 23:59 29 1,1 acquires II 48:18
9 B2 acquires If 2 1:22 30 [i1 fires at 11 18:37

10 13 acquires II 24:22 31 A3 acquires II t8:45
11 112 acquires II 25:26 312 113 acquires II 53:07
12 If dismounts lIKE 25:.S2 331 B3 acquires 11 53:16

34 112 acquires 11 53:16
13 82 acquires If 27:04 315 Al acquires 1I 53:18
14 83 acquires If 27:19 :36 132 fires at 11 53:22
15 82 fires at II 27:30 3'7 82 acquires II 54:20
16 A2 acquires a 1 42:45 :38 132 fires at If 54:32
17 133 acquires If 4 2:4 US 39 113 acquires 11 54:51
18 182 acquires 11 42:48 40 143 acquires If 58:30
19 A2 acquires 11 42:51
20 B2 acquires if 44:07 41 11 picks up DKE 5s:50
21 131 acquires I1 44: 08
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TABLE Bi I

Reconstruction of Events in Run 3-3
(ENTAC. active helicopter, stationary torgatt,~)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:soc

1 5133 acquires 11 8: 34 21 A 2 fires tit If 43:07
2 A2 acquires If 8:37 22 Al acquires HI 43:21
3 112 acquires If 10:23 2.3 HI acquires I! V!2 5
4 If dismounts DKIK 12:01 24 111 fires ait 11 43:32

25 112 acquires If 13:33
5 Hif acquires 11 17:49 26 H12 fires ait If 41~33
6 B33 acquires If 17:50 27. A3 acquires 11 43:37
7 A2 acqluirest If 17:50 28 A3 fires at If 413: V3
8' 113 acquires 11 18:28 29 A~2 acqu~res If 43: 56
9 111 a( quirei; 11 2 1;39 30 A 2 fires tit 1] 43:59

10 A2 acquires 11 2 1:43 :31 If Picks up DKd. 49:35
11 A2 fires ait 11 21:47
12 B2 acquires 11 22:21 32 113 acquires If 51:33
13 A2 acquires HI 36:56 33 fit acquires 11 51:34
14 Al acquires If 37:35 3. t 2 acquires Hl 51:38
15 DKF fires at A 42:21 35 111 fires at 11 51:39
16 BI1 acquires DKE t2:38 360 A. I fires at 11 51:42
17 111 fires at DKE Q2:43 37 A2 fires at If 51:46
18 A3 acquires DKIK 42:43 38 HII at.quires 11 51:49
19 If fires at A. 412:55 39 111 fires at II 51:49
20 A2 acquires 11, DKIC 01:031 40 A2 acquires If 51:59

TABLE B112

Reconstruction of Events in Run 3-4
(ENTAC, active helicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 133 acquires II 7:15 i1 A2 fires at II 26:16
2 B1 acquires II 9:46 15 HI fires at A 26:28
3 HIa fires at II 9:0 16 Al acquires IH 26:50
4 133 fires at HK 10:01 1 "1 Al fires at II 26:53
5 1 dismounts DKE 15:35 18 A2 acquires If 26:54

19 A2 fires at IH 26:54
6 PB acquires II 19:09 20 BI acquires tH 26:57
7 B2 acquires II 19:10 21 B2 acquires If 2 7:,30
8 B3, fires at H 19:14 22 1.1 acquires II 27:31
9 A3 acquires DKE 23:50 23 13 acquires Ip 27:31

10 A3 fires at DKE 24:00 s 132 fires at H7 27:34
11 Al acquires 11 26:01 25 1B1 fires at II 27:34
12 Al fires at II 2o:01 26 1I3 fires at 1 27:38
13 A2 acquires II z6:12
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TABLE 1313

Reconstruction of Events in Run 4-1

(ENTAC, active helicopter, fluid targets)

E lapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 II dismounts DKE 10:03 9 SI acquires II 52:01

o0 S3 fires at II 52:08
2 I)KE fires at C 50:10 )I S2 fires at 11 52:09
3 CI acquires DKE 50:12 12 CI fires at II 52:10
4 CI acquires II 51:56 13 SI fires at If 52:10
5 C2 acquires If 51:57 1.4 S2 acquires II 52:23
6 S2 acquires If 51:58 15 S2 fires at II 52:32
7 S3 acquires I1 51:58
8 If fires at C 52:0(0 16 11 picks up DKE 56:57

TA6'.E B14

Reconstruction of Events in Run 4-2
(ENTAC, active helicopter, fl,,d torgets)

Elapsed Elopsed
time, time,

Symbol Event min;sec Symbol Event min. sec

I C2 acquires II 16:36 16 S' I ti uire"s II .2: 11
2 S3 acquires II 20:0:1 17 s I fw- '11 11 ,2: 12
3 S3 fires at If 20:21 18 S1 II 33.1: 1

S S2 acquires II 21:33 19 , fir'is at II .13:1:1
5 S3 acquires II 22:30 20 .( i ",t It1 ,I-2
6 S2 acquires II 22:31 21 C I fires at II 311:03
7 SI acquires II 22: 10 22 /)KV fire. at C 71t: t1
8 Ii dismounts DKE 24:49 23 C(I acquires D)KIK 7 1:50

241 C( fires at l)KE 75:07
9 S3 acquires II 25:49 25 C2 acquires DKFK 75:17

10 S3 fires at II 25:52 26 C2 fires at DKI 75:20
11 CI acquires Ii 26:06 27 II fires at C 75:29
12 CI fires at I1 26:40 28 C1 acquires Ii 75:35
13 C2 acquires II 26:59 29 Cl fires at I1 75:39
14 S1 acquires If 30:51
15 SI fPres at H 30:59 30 H picks up DKE 85:14
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TABLE 615

Reconstruction of Events in Run 4-3
(ENTAC, active helicopter. fliud forgets)

Elapsed Elapsed
time, time,

SYMbol Event min~sec Symbol Even, min:sec

I S2 w ipsir.' If 2. t: I 1 0D I) IK f (uS all C 6 t: 07
2 S2 it quarem 11 2 1; ril 10 11 firt-s itt C 64: 55
3 S2 fires. at If 2.5:(t 0 1(11 arquire's DK E 61: 00
.1 S2 acquili's If 25:33 12 C.2 acquires 11 65:02
5 S2 fires at 11 2.5:31 t 1 :1 2 licqUirem 11
6 1: ldsimmunts l)KI 33: :15 It CI IiwqiirePs 11 o94:31

15 CI totquire-s 11 71:011
7 3 acquire" If 17: Io

8 SI acquires If it 11) R, J 11I pitks up l)KI 71:571

TABLE B16

Reconstruction of Events in Run 4.4
(ENTAC. active h'elicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event mmn~sec Symbol Event min:sec

1 11 dirimitunts IMP I I : 11,9 6 C2 fires ait If 3t: 10
7If fires at C III:If

2 DKE fires at C' 34:01 8 S1 acquirem 11 34;43
3 CI acquires IDKE :11t:03 SI fires *it 11 34:15
4 CI1 fires at I)KE 31:0H4
5 C2 acquires 11 '11:08 10 I 1 'ittim up DKIK 10:11.I

TABLE BU7

Reconstruction of Events in Run 5.1
(EN TAC, passive hel copter, stationary targets)

Elapsed Elapsed
timeti me,

Symbol Event mmn::ec Symbol Event mir,:sec

I Al acquires 11 II0.I30 Al fires ai I)KI' 33:51
2 If di.,riwuints DKIE 12:30 6i AI acquiire.s If 4-1:21

3 Al sicquirea IOV 313: 15 If picks up DKE 40: 54
I IIKI fires at A 33: t9
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TABLE B18

Reconstruction of Events in Run 5.2
(ENTAC, passive helicopter, statonary targets)

Elapsed Elapsed
time, time,

Symbol Event min; sec Symbol Event min;sec

.112 ,'qaires 11 I 1::3t II 1:1 firs All II 19:03
2 112 it'-quire!. II 17:20 12 Al iiqur II 19:31
A 113 At(u'pirv II 17:30 13 II disuolunts l)KIP 20:10
1 142 fir A, l lt II 17:31
,N I eticpires II I: 11 11. A3 iitcqtuirvt, II 39:50
0• :A2 lt quire.s II 18,:30 1 A3 fires at• II 39:56
7 %3 atqur II h8:3l I I)K0i fires Ait A 17:10
11 11:3 acipliti ,. II it: 11 17 VI acquires I)K I 18:15
A) 112 at uire,, II : iP) 18 %3 fires kt KIK 18:17

10 112 fires at II l33 .53

TABLE B19

Reconstruction of Events in Run 5-3
'ENTAC, passive helicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min;sec Symbol Event min:sec

1 II distounts l)KE 10:27 3 II picks up I)KE 92:00

2 1H3 acquires II 13:26

TABLE B20

Reconstruction of Events in Run 5-4

(ENTAC, passive helicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

A A] acquires II 9:22 17 A2 acquires I1 10:47
2 111 acquires 11 9:23 tIt A2 fires at II 10:51
3 Al fires at II 9:26 19 B1 acquires II 10:54
4 112 acquires II 9:27 20 112 acqluires II 10:56
5 111 fires at II 9:27 21 I31 fires at II 11:00
6 142 fires at t1 9:35 22 132 fires at II 11:04
7 113 acquires II 9:38 23 13 acquires I 11:07
8 A2 acquires II 9:10 24 A2 acquires II 11:11
9 A3 acquires II 9:15 25 A2 fires at If 11:11

10 112 acquires II 9:54 26 14 dismounts DKE 14:09
1] 132 fires at II 9:56
12 111 acquires II 30.10 27 DKE fires at A 29:11
13 I11 fires at II 10:16 28 Al acquires If 35:14
14 1B3 acquires II 10:3 29 Al fires at If 35:21
15 Al acquires II 10:44
16 Al fires at II 10:47 30 11 picks up DKE 35:41
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TABLE 821

Reconstruction of Events in Run 6-1
(ENTAC, passive helicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 C2 acquires II 6:20 4 II picks up DK E 25:20
2 CI acqu'rex II 6:22
3 II dismounts DKI' 113:0

TABLE 822

Reconstruction of Events in Run 6.2
(ENTAC, passive helicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

I II dismounts DKE 16:18 6 C2 fires at DKE 47:21

7 Ii picks up DKE 57:12

2 DKE fires at C 47:11
3 S2 acquires DKE 47:11 8 C1 acquireu H 67:17
4 CI acquires DKE 47:11 9 CI fires at If 67:18
S C2 acquires DKE 47:13

TABLE B23

Reconstruction of Events in Run 6-3
(ENTAC, passive helicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:see

1 H dismounts DKE 12:33 3 C2 acquires II 15:04

2 C1 acquires H 14:26 4 II picks up DKE 24:10
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TABLE B24

Reconstruction of Events in Run 6-4
(ENTAC, passive helicopter, fluid verge#%)

Elapsed Elapsed
time, time,

Syboli Event min:sec Symbol Even? min:sec

I CI ncquires II 8:15 18 CI fiiem at II 20:05
2 C I fires at II 8:224 19 52 ,,'culrr.s II 20:12
3 SI acquires 11 (j:5() 20 S2 fires (it Il 20:44
4 S3 acquires II 10:20' 21 C.2 ,cquires If 24:30
5 (:2 acquires II 10:20 22 (:2 fires tit II 24:36
6 C22 fires at II 10:20 23 CI acquires II 26:12

S3 fires ait 11 10:42 2t. CI fires at 1i 27.36
8 SI acquires II 12:16 25 C2 scquires H 28:46
9 11 dismounts lIKE 14:23 26 C2 Ares at HI 28:48

27 SI acquires II 29:00
10 SI acquires II 15:08 28 S3 acquires I1 29:18
11 SI fires at II 15:18 29 53 fires it I1 29:20

12 SI acquires II 16:12 30 SI fires. at II 29:36
13 SI fires ait II 16:32 31 DKE fires tit C 33:48
14 S1 acquires If 18:50 32 C1 acquires DKE 34:00
15 C2 acquires 11 19:30 33 C2 acquires DKE 34:02
16 Q2 fires at II 19:32 34 CI fires at DKE 34:07
17 CI acquires 11 19:58 .35 C2 fires at DKE 34:08

TABLE B25

Reconstruction of Events in Run 7.1
(Recoilless tifle, active helicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

I BI acquires II 6:32 20 B1 fires at 11 28:52
2 B2 acquires If 7:21 21 42 fires at If 28:54
3 B2 fires at If 7:25 22 13 fires at H 28:57
4 B1 acquires 11 9:09 23 If fires at A 29:08
5 B3 acquires If 9:10 21 DKE fires at A 35:09
6 B2 acquires II 9:13 25 Al acquires DKE 35:10
7 11 fires at II 9:15 M6 A2 acquires DKE 35:17
8 B2 fires at If 9:19 27 AI atqutres If 35:44
9 B3 fires at 11 9:30 28 Al fires at H 35:46

10 H dismounts DKE 10:36 29 A2 acquires If 35:56
30 133 3cquires H 35:58

11 Al acquires 11 28:18 31 BI acquires H 35:59
12 Al fires at i1 28:22 32 12 acquires H 36:01
13 A2 acquires II 28:33 33 BI fires at H 36:02
14 A3 acquires H 28:43 34 A3 acquires !H 36:02
15 B3 acquires 11 28:45 35 133 fires at 1H 36:04
16 A2 fires at H 28:47 36 A3 acquires DKE 37:03
17 A3 fires at H 28:47 37 A3 fires at DKE 37:09
18 B1 acquires If 28:49
19 12 acquires H 28:51 38 H picks up DKE 54:01
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TABLE 826

Reconstruction of Events in Run 7.2
(Recoilless rifll, active helicopter, stationory targets)

Elopsed Elapsed
time, time,

Symbol Cvent mrin;soc Symbol Event min:mso

1 132 *acquirep Il 17:17 13 112 firte at If 43:30
2 H33 acquires II 17:48 1., i41 acquires It 43:31
3 M33 acquires II 20:14 15 A3 acquires If 43:35
4 14I fir-s at If 20:18 16 A3 fires at II 43:37
5 A2 acquires II 20:35 17 If fires at A 43:38
6 II dismounts DKE 20:38 18 A2 acquires I1 43:38

19 Al acquires If 43:39

7 Al acquires DKE 42:40 20 A2 fires at Hi 43.40
8 A2 acquires DKE 42:42 21 Al fires at If 43:41
9 DiKE fires at A 42:53 22 133 lires at H 43:48

10 A2 fires at DKE 43:12
11 [33 acquires If 43:28 23 II picks ovp DKE 45:12
12 132 acquires 1; 13:29

TABLE B27

Reconstruction of Events in Run 7-3
(Recoilless ritle, active helicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

A2 acquires 1i 6:48 7 A2 acquires H 12:20
2 II dismounts DKE 7:26 8 A2 fires at H 12:24

9 B3 acquires t1 12:27
3 A3 acquires DKE 7t26 10 131 acquires 11 12:28
4 A3 fires at H, DKE 8:02 11 32 acquires 11 12:34
5 AM acquires |1 11:58 12 A2 acquires DKE 13:40
6 A3 acquires I1 12:10 13 A2 fires at DKE 13:51
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TABLE B28

Reconstruction of Events In Run 7.4

(Recoilless rifle, active helicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

I A3 acquires II 5: ,2 IfI Ill acquires II :17:00
2 A3 acquires II 8:15 12 II1 acquires II 85:20
3 II disntoautts D)KE 16:05 13 A,3 a'quires II 103:2•

I I II fires at A 103:25
4 113 acquires II 20:3o6 15 A3 fires at IfI 103:30
5 113 acquiiem II 22:26 lo \2 amquires II 103:32
6 111 acquires II 22:11 17 A I acquires II 103: t0
7 133 fires at II 22:41 18 Al fires at II 103:11
8 HI fires at II 2 2:, 15O '\2 firest at II 103:13
9 111 acquires I 21:•26 2)0 Il acquires II 103:.18

10 HI acquins II :16:14 21 II picks up DKE 110:00

TABLE B29

Reconstruction of Events in Run 8-
(Recoilless rifle, active helicopter, fluid target%;)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 1 dismounts DKlE 16:15 5 C(I acquires l)KE 67:13
6 SI fires it DOIK 67:.15

2 DKE fires tit S 67:,10 7 S2 fires at DKI-: 67:45
3 SI acquires DKI, 67:41 8 C(1 fires at DKF 67:5.1
4 S2 acquires DKE 67:41 9 II fires at C 69:55

TABLE B30

Reconstruction of Events in Run 8-2
(Recoilless rifle, active helicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 If dismounts DKE 15:09 7 C2 acquires I1 77:53
8 2 fires at H 77:56

2 S1 acquires H 77:12 9 S3 acquires II 77:58
3 Si fires at I1 77:23 10 S3 acquires 11 78:18
4 H fres at C 77:29 11 S3 fires at II 78:23

5 CI acquires H 77:40
6 CI fires at II 77:52 12 II picks up DKE 87:49
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TABLE 831

Reconstruction of Events In Run 8-3
(Recoilloes rifle, active helicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event mir,:svc

1 11 dismounts DKE 7:40 I1 SI fires at II 36:03
12 I1 fires Ail C2 37:25

2 Cl acquires II 8:26 13 CI acquires 11 37'28
3 S2 acquires II 9:08 14 Cl fires at II 37:29
4 DKE fires at C 35:30 15 C2 acquires II 37:32
5 S2 acquires DKE 35:37 16 S3 acquires II 37:32
6 CI acquires DKE 35:38 17 C2 fires at If 37:34
7 C2 acquires DKE 35:40 18 S2 acquires II 37:40
8 S1 acquires 11 35:44 19 SI acquires DKE 41:26
9 C2 fires at DKE 35:44 20 SI acquires DKE 4 t:27

10 Cl fires at DKE 35:46 21 Si fires at DKE 44:29

TABLE B32

Reconstruction of Events in Run 8-4
(Recoilless rifle, active helicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 H dismounts DKE 9:09 9 Cl acquires If 37:50
10 II fires at C 37:54

2 DKE fires at C 36:51 11 S2 acquires DKE 40:18
3 C2 acquires DKE 36:52 12 S2 fires at DKE 40:18
4 C1 acquires DKE 36:53 13 H picks up DKE 51:38
5 C2 fires at DKE 36:57
6 CI fires at DKE 37:02 14 Cl acquires H 52:39
7 S1 acquires H 37:26 15 C1 fires at H 52:48
8 Si fires at H 37:49
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TABLE B33

Reconstruction of Events In Run 9.1
(Recoilletss Mle, passive helicopter, stationary targets)

E lapsed Elapsed
time. time,

Symbol Event min:soc Symbol Event min:aec

I III acquires II 5;:38 14 Al fires tt II 15:18
2 A2 acquires 11 5:48 15 A3 acquires II 15:53
3 A3 acquires II 5:48 16 A] acquires II 15:54
4 I1 acquires II 6:00 17 Al fires at II 15:57
5 113 acquires II 6:03 18 113 acquires II 16:14
6 111 fires at If 6:01 19 11 dismounts i)KIK 17:15
7 A3 acquires II i;D:!,1
8 A2 acquires If 13:51 20 113 acquires II 18:10
9 A3 fires at II 13::51 21 I)KF fires tit A 23:23

10 Al acquires II 13:5.1 22 A2 acquires I)KE 23:29
II Al fires at II 14:00
12 Al acquires If 141:13 23 1I picks up DKE 24:55
13 Al acquires II 15:50

TABLE B34

Reconstruction of Events in Run 9-2
(Recoilless rifle, passive helicopter, stationary teirge0.1

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min.:c

I A2 acquires H 1:51 7 A3 acquires DKE 29:49
2 A2 acquires IH 5:23 8 A3 acquires DKE 29:59
3 Al acquires If 5:25 9 A2 acquires DKE 32:07
4 111 acquires H 5:43 10 A2 fires at DKE 32:09
5 H dismounts DKE 7:32 11 BI acquires If 37:35

6 DKE fires at A 29:42 12 If picks up DKE 40:13

TABLE B35

Reconstruction of Events in Run 9-3
(Recoilless rifle, passive helicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event min:sec Symbol Event min:sec

1 A3 acquires H 8:08 8 A2 acquires H 10:58
2 B3 acquires H 8:51 9 H dismounts DKE 11:15
3 A3 acquires H 8:54
4 BI acquires H I0:21 10 A3 acquires H 38:54
5 B2 acquires H 10:24 11 A3 acquires DKE 39:01
6 B1 fires at H 10:24 12 A3 fires at DKE 39:03
7 B3 acquires H 10:26
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TABLE B36

Reconstruction of Events in Run 9-4
(Recoilless rifle, passive hielicopter, stationary targets)

Elapsed Elapsed
time, time,

Symbol Event mln:Gec Symbol Event rain:seC

I A2 acquires If 5:03 6 fiI acquires DKE 23:52
2 A2 acquires It 5:29 7 B2 acquires DKE 23:52
3 II dismounts DKE 9:02 8 Al acquires DKE 23:52

9 A2 acquires l)KF 23:52
4 A2 acquires II 19:11 10 A3 acquires DKE 23:52
5 DKE fires at A 23:50 11 A3 fires at DKE 23:54

TABLE 837

Reconstruction of Events in Run 10-1
(Recoilless rifle, passive helicopter, fluid targets)

Elapsed Elapsed
time, timeI

Symbol Event min:sec Symbol Event min:sec

I H dismounts DKE 8:38 7 DKE fires at S 56:17
8 SI arquires DKE W5:22

2 DKE fires at C 50:09 9 SI fires at DKE 56:24
3 C1 acquires DKE 50:18 10 If picks up DKE 62:53

4 C2 acquires DKE ,50:24
5 C2 fires at DKE 50:33 11 S2 acquires H 63:00

6 Cl fires at DKE 50:36

TABLE B38

Reconstruction of Events in Run 10-2
(Recoilless rifle. passive-helicopter, fluid targets)

Elapsed Elapsed
time, time

Symbol Event min:sac Symbol Event min:sec

I H dismounts DKE 12:32 4 DKE fires at C 36:46
5 Ci acquires DKE 36:46

2 S1 acquires DKE 35:50 6 S2 acquires DKE 36:46

3 SI fires at DKE 36:40 7 S2 fires at DKE 36:49
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TABLE B39

Reconstruction of Events in Run 10.3
(Recoilless rifle, passive helicopter, fluid targets)

Elapsed Elapsed
time, time,

Symbol Event rain:sec Symbol Event min:sec

II disil mts I)IK , 1):03 5 C I fires at I)KE 39:55
6 (:2 firts at IDKE ,40:28

2 I)KV fires tit C 39: 1.)
3 (C2 attquirvs I)K MA:. It II picks up I)KUP 6:33
t CI acquires I)KE :W 3: V5

TABLE B40

Reconstruction of Events in Run 10.4

(Recoilless rifle, passive helicopter, fluid targets)

Elapsed Elapsed

time, time
Symbol Event min:sec Symbol Event finlsec

( C2 acquires II 5:52 8 S2 acquirts II 16:24
2 II dismounts DKE 6:42 9 S2 fires at II 16:48

10 S2 acquires II 17:58
3 i)KE fires at C 10:15 11 S2 fires at 11 17:58
, CI acquires DIKE 10:27 12 S2 acquires If 19:35
5 S3 acquires II 10:33 13 S2 fires at II 19:41
6 S3 fires at II 10:1.1
7 II picks up I)KE 11:50
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This appendix presents a detailed analysis of killer-team performance
during the experimental runs. It considers such factors as the ability of killer
teams employing the various tactics studied to initiate engagements with enemy
elements, to bring effective fire to bear on enemy target complexes, and to
terminate engagements before becoming a casualty.

To a large extent the performance of killer teams depends on the measure
of success considered. One type of killer team may appear superior to other
types on the basis of one measure of mission success but inferior on the basis
of another measure. The analyses presented below, therefore, will initially
consider relatively simple standards which are generally considered essential
for mission success and will then proceed to more complex measures.

For antiarmor missions of the type studied to have any chance of being
successful the killer team must: (a) acquire at least one enemy tank target,
(b) take the enemy target vehicle(s) under fire, and (c) be within the effective
range of the antiarmor weapon at time(s) of fire. Table Cl presents a quali-
tative analysis of the number of killer-team missions on which these three
basic requirements were met. This analysis, based on data from App A, showed
that on 25 of the 40 missions the killer elements were able to engage at least
one enemy target within the effective range of the antiarmor weapon. On a
total of 15 other missions, however, no potentially effective killer-team firings
were recorded. The major reason for the lack of killer-team success on each
of these missions is presented in Table C2.

This analysis of killer-team performance will now be narrowed to a con-
sideration of those runs on which the killer team had some chance of success.
The number of potentially effective killer-element fi. ings during these runs
varied greatly. Data indicating the number of enemy targets taken under fire
and the number of missiles or rounds fired at each target are presented in
Table C3. In this table, each target taken under fire per run has been desig-
nated by a different alphabetic character and each firing has been associated
with a firer target range.

The data presented in Table C3 are shown in summary form in Table C4.
From Table C4 it can be seen that:

(a) Teams with dismounted recoilless- rifle crews flired at more enemy
targets per run and more times per run than teams with the other two types
of weapons studied. These results can be attributed to (a) recoilless- rifle
crews generally were successful in coordinating their attacks- whenever pos-
sible each 2-man crew selected a different enemy target and attempted to fire
at the same time their dismounted teammates fired and (b) the repoilless-rifle
teams were able to fire more rounds per target enga'ged than SS- 11 or ENTAC
gunners, because of the high rate of fire for the M67 90-mm recoilless rifle
in relation to the rate at which the missiles can be launched and guided to
their targets.
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TABLE Cl

Analysis of Killer-Team Performance
(Based on firings within effective range af antiormor weapon)

Activity of killer elements with antiarmor weapon

Experimental
run Acquired Fired at Fired within

target target effective range

1-1 Yes Yes Yes
1-2 Yes Yes Yen
1-3 Yes Yes Yes
1-4 No No No
2-1 Yes Yes Yes
2.2 No No No
2.3 Yes Yes Yes
2.4 Yes Yea Yes
3-1 No No No
3-2 No No No
3.3 Yes Yes Yes
3-4 Yes No No
4.1 Yes Yes Yes
4-2 Yes Yes Yes
4-3 Yes Yes Yes
4-4 Yes Yes Yes
5. Yes Yes Yes
5-2 Yes Yes No
5-3 No No No
5-4 Yes Yes Yes
6-1 Yes No No
6-2 Yes Yes Yes
6.3 Yes No No
6-4 Yes Yes Yes

7-1 Yes Yes Yes
7-2 Yes Yes Yes
7-3 No No No
7-4 No No No

8-1 No No No
8-2 No No No
8-3 Yes Yes Yes
8-4 Yes Yes Yes
9-1 Yes Yes Yes
9-2 Y es Yes Yes
9-3 No No No
9-4 Yes Yes No

10-1 Yes Yes Yes
10-2 Yes Yes Yes
10-3 Yes Yes Yes
10-4 Yes Yes Yes
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TABLE C3

Killer-Team Firings on Potentially Successful Missions

Designation of

Experimental enemy.target Times target vehicle Target-killer team range
run vehicle fired at for each firing, m

i-I X I 2000
1-2 X4 3 b 1200, 1200, 2000

Y 2 900, 1300
1-3 X Ic 1000

Y IV 22000
2-1 X 1 1500
2-3 X 1 1500
2-4 X 1 2000
3.3 X 1 1300
4-1 X 2 800, 8(0)
4-2 X 2 500, 500

3 X -o1400
Y 1 1400

4.4 X I 100
Y 1500

5.1 X 1 550
Y I550

5-4 X 1 1000
Y 1000

6-2 x 1 800
Y 1 800

6-4 X 1 700
7-1 X 2 30. 30

1 2 30, 30
7-2 X 2 200 200

Y 2 200, 200
8-3 X 2 150, 150

Y 2 200, 200
8-4 X 2 200, 200

Y 2 200, 200
9-1 X 2 350, 350

Y 2 3,50, 350
9-2 X 2 200, 200

Y 2 400, 400
10-1 X 2 200, 200

Y 2 200 200
10-2 X 2 150, 150
10-3 X 2 30, 30

Y 2 80,80
10-4 X 2 100, 100

Y 2 100, 100
8B3-complex vehicle.
hlncludes two firings by H2.
CFiring by H2.
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(b) Dismounted killer elements fired at slightly more targets and more
frequently on runs in which they did not receive active helicopter support than
on runs in which support was provided. Thus helicopter assistance during the
attack phase of the killer-team mission did not enhance the ability of DKEs to
acquire and fire at enemy target vehicles.

(c) The killer elements were noticeably more effective against fluid enemy
vehicles than against targets in stationary complexes.

TABLE C4

Summary Comparison% of Killer-Team Firing Data

Type of killer Enemy target.,. fired at Total firings

elements StationlJyjJ7Total StationaryjJlid Total

SS-11/tIll-I 5 3 8 8 3 1I

EN'I'AC
Active 1 ( 7 1 8 9
Passive 4 1 7 4 3 7

Totul ENrAC 5 9 it 5 11 16

Recoilless rdle
Active 41 4 8 8 aI 16
passive , 1 11 8 14 22

Total recoilless rifle 8 I] 19 16 22 38

DKE
Active helicopters 5 10 15 9 16 25
Passive helicopters 8 10 18 12 17 29

Total DKE 13 20 M3 21 33 54

Although the killer elements fired at a total of 4A vehicles within the ef-
fective range of their antiarmor weapons, root all the targets taken under fire
would have been destroyed. Under actual combat conditions, many of the firings
would have resulted in misses and several in hits but not in kills. Given the
data shown in Table C3 and hit-and-kill information H"ll the expected number
of target vehicles killed during each run can be calculated by applying the
methodology illustrated in Table C5. An analysis of this kind, based on the
probability of incapacitating either the firepower or mobility system of the
enemy vehicle (i.e., of obtaining either an F or an M kill), indicated that 20 of
the 41 vehicles fired at would be killed. Of these 20 kills, 4 were scored by
SS-11/UH-I killer teams, 3 by ENTAC teams with active helicopter support,
2 by ENTAC teams with passive support, 5 by recoilless-rifle teams with
active helicopters, and 6 by recoilless rifles with passive helicopters. Of the
20 kills, 8 were scored against stationary targets and 12 against fluid targets.
Dismounted killer elements obtained 8 expected kills with helicopter support,
and 8 expected kills without helicopter support during the attack phase of the
killer-team mission.

The estimate of 20 expected kills overstates killer-team performance
because it does not take into account firings at killer-team elements by the

76

CONFIDENTIAL



C-

x

C. C CL. C. C . - ~ -' 4CLC. . C

IA_

E ~ 20~

-j CL

L U

e p -, 0

.E. >

0

E 7-

.40
wU .~~'r

- x
0 j l~' ~ . ~- ~u '

-2 C. C. C. C. C. C C C77 C



CONFIDENTIAL

opposing side prior to the 41 killer-team firings. Ideally, this consideration
should have been introduced before estimating the expected number of ground-
complex vehicles destroyed. This was not done, however, because a portion
of the range data for ground-element firings at killer elements was not as
complete as is desirable for calculating hit probabilities and because it was
not possible in several cases to determine which of two identical killer elements
was taken under fire.

TABLE C6

Ground-Element Firings against Killer-Team Elements
(Prior to killer-team fire)

Against helicopters prior to Against DKEs prior to ENTAC
first S.-11 launch or J Again lessprioretoiEnA

Experimental hkiller-element dismount or recoilless-rifle firing
run .

Time under Firings Time under
Irn fire, sec fire, sec

1-1 2 5 - -
1-2 8 91 - -
1.3 13 61 - -

2-1 1 15 --
2-3 5 90 --
2-4 1 1 - -
3-3 0 0 0 0
4-1 0 0 0 0
4-2 1 13 0 0
4-3 2 7 0 0
4-4 0 0 0 0
5-1 0 0 0 0
5-4 10 75 0 0
6-2 0 0 0 0
6-4 3 15 0 0
7-1 4 80 0 0
7-2 1 12 0 0
8-3 0 0 0 0
8-4 0 0 0 0
9-1 5 23 0 0
9-2 0 0 0 0

10-1 0 0 0 0
10-2 0 0 1 6
10-3 0 0 0 0
10-4 0 0 0 0

The summary data provided in Table C6 furnish several interesting in-
sights into killer-element status prior to fire. These data indicate that:

(a) On all 8 runs involving the SS- 1 1/UH-1 weapons system the lead
helicopter was fired at before missile launch.

(b) Aircraft transporting heliborne infantry, however, were fired on only
7 of 19 missions prior to dismounting the killer elements.

(c) On 18 of the 19 runs in which dismounted elements fired within the
effective range of their antiarmor weapons the killer elements were not taken
under fire before they were able to fire at enemy targets.
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TABLE C7

Ground-Elemont Firings against DKEs
(After killer.team fire)

Action against DKEs after ENTAC
Experimental or recoilless-rifie firing

run
Firings Time under fire, sec

3-3 1 4
4-1 0 0
4-2 2 31
4-3 0 0
4-4 I 6
5-! 1 2
5-4 0 0
6-2 1 6
6-4 2 20
7-1 1 7
7-2 1 2
8-3 3 29
8-4 3 14
9-1 0 0
9.2 1 1

10-I 3 21
10-2 1 18
10-3 2 23
10-4 0 0

TABLE C8

Comparison of Ground-Element Firings against DKEs
(After killer-team fire)

Times DKEs Time DKEs under Number of experi-
Comparison fired at fire, sec mental runs

Elements
ENTAC 8 69 9
Recoilless-rifle 15 115 10

Support
Active 12 93 9
Passive 11 91 10

Targets
Stationary 5 16 7
Fluid 18 168 12

Data concerning ground-complex action against DKE after killer-team
fire are presented in Table C7. As in the case of ground-complex firings
against helicopters, it was very difficult to reconstruct the details of ground-
element firings against DKE personnel. From the summary data provided in
Table C8, however, it can be seen that:

(a) Almost twice as much return fire was directed at recoilless-rifle
crews as at ENTAC teams.
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(b) After firing at enemy vehicles, DKEs were subjected to approximately
the same amount of fire on runs with and without helicopter support. Supple-
mentary analyses, presented in Table C9, revealed that of the 93 sec of fire
directed at DKEs after the killer elements had fired at ground targets on runs
with active helicopters, 82 sec occurred before the helicopters could provide
any suppressive fire. At best, therefore, helicopter suppressive fire would
have reduced the volume of ground-complex fire against DKEs by a total of
only 12 sec.

(c) The amount of ground-complex activity against withdrawing killer-
team elements was considerably greater on fluid runs than on killer-team
missions against stationary target vehicles. These results can largely be
attributed to the relatively heavy fire against recoilless-rifle crews withdraw-
ing from ambush positions in cultivated fields bordering the column's route
of march.
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Appendix D

ANALYSIS OF GROUND-COMPLEX ACTION AGAINST
KILLER-TEAM ELEMENTS

Figure
D1. Interaction between Type of Killer Team and Vehicle Movement 86

Tables
DI-D12. Two-Factor Analysis of Variance:

D1. Times Helicopter Was Sighted during Entry Phase of
Killer-Team Mission 88

D2. Times Helicopter Was Fired at during Entry Phase
of Killer-Team Mission 88

D3, Time Helicopter Was in View during Entry Phase of
Killer-Team Mission 89

D4. Time Helicopter Was under Fire during Entry Phase
of Killer-Team Mission 89

D5. Times Helicopter Was Sighted during Attack Phase of
Killer-Team Mission 94

D6. Times Helicopter Was Fired at during Attack Phase
of Killer-Team Mission 90

D7. Time Helicopter Was in View during Attack Phase of
Killer-Team Mission 91

D8. Time Helicopter Was under Fire during Attack Phase
of Killer-Team Mission 91

D9. Times Helicopter Was Sighted during Entry and Attack
Phases of Killer-Team Mission 92

D10. Times Helicopter Was Fired at during Entry and Attack
Phases of Killer-Team Mission 92

DlI. Time Helicopter Was in View during Entry and Attack
Phases of Killer-Team Mission 93

D12. Time Helicopter Was under Fire during Entry and
Attack Phases of Killer-Team Mission 93

D13-D28. Three-Factor Analysis of Variance:
D13. Times Helicopter Was Sighted during Entry Phase of

Killer-Team Mission 94
D1 4 . Times Helicopter Was Fired at during Entry Phase of

Killer-Team Mission 94
D115. Time Helicopter Was in View during Entry Phase of

Killer-Team Mission 95
D16. Time Helicopter Was under Fire during Entry Phase of

Killer-Team Mission 95
D17. Times Helicopter Was Sighted during Attack Phase of

Killer-Team Mission 96
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D18. Times Helicopter Was Fired at during Attack Phase of
Killer-Team Mission 96

D19. Time Helicopter Was in View during Attack Phase of
Killer-Team Mission 97

D20. Time Helicopter Was under Fire during Attack Phase
of Killer-Team Mission , 97

D21. Times Helicopter Was Sighted during Entry and Attack
Phases of Killer-Team Mission 98

D22. Times Helicopter Was Fired at during Entry and Attack
Phases of Killer-Team Mission 98

D23. Time Helicopter Was under Fire during Entry and
Attack Phases of Killer-Team Mission 99

D24. Time Helicopter Was in View during Entry and Attack
Phases of Killer-Team Mission 99

D25. Times Dismounted Killer Elements Were Sighted during
Attack Phase of Mission 100

D26. Times Dismounted Killer Elements Were Fired at during
Attack Phase of Mission 100

D27. Time Dismounted Killer Elements Were in View during
Attack Phase of Killer-Team Mission 101

D28: Time Dismounted Killer Elements Were under Fire
during Attack Phase of Mission 101

84J



This appendix presents a a,' ailed statistical analysis of the actions taken
by ground-target elements against the attacking killer teams. This analysis is
based on data presented in App B and in Tables 1.0 and 11.

The ability of killer-team elements to survive engagements with enemy
vehicles depends largely on the amount of enemy activity encountered during
the assigned mission. Four of the most important measures of ground-complex
activity against killer-team elements are: (a) the number of times killer ele-
ments were sighted during their mission, (b) the number of times killer ele-
ments were fired on, (c) the duration of killer-team exposure to enemy view,
and (d) the duration of fire sustained by the killer-team elements. Although
none of these measures provides an estimate of the vulnerability of killer-team
elements in absolute terms, each is useful in furnishing an estimate of the rela-
tive vulnerability of killer-team elements employing-the different tactics studied.

The analysis of variance was the statistical technique used to analyze
ground-complex activity involving killer-team elements (see Tables Dl to D12).
This technique is quite helpful in pointing up any probability that observed
"'differences' in performance actually happened by chance. Table Dl, for ex-
ample, compares the observed performances of stationary and fluid ground
vehicles against five types of killer teams (SS-l1/UH-l, ENTAC with active
helicopter, ENTAC with passive helicopter, 90-mm recoilless rifle with active
helicopter, and 90-mm recoilless rifle with passive helicopter) on the basis of
the number of times helicopters were sighted during ýthe entry phase of the
killer-team mission. This analysis indicates that the observed difference in
the number of sightings scored by stationary compared with fluid ground ve-
hicles Is so great that the probability this difference occurred by chance is
less than 0.01. In addition to the 0.01 probability level (E = 0.01), tests were
also conducted to determine whether observed performance differences would
be expected to occur by chance less than 5.0 percent of the time (E =0.05) and
less than 0.1 percent of the time (Li = 0.001).

The analysis-of -variance techniques are also useful in identifying inter-
actions between the major factors studied. In Table D5, for example, the result
that the T Mý factor is significant at the E =0.01 level indicates that for the
situation examined the effects of killer-team type and ground-vehicle movement
are not independent of one another. Some combination(s) of killer team and
ground-vehicle movement differs noticeably from other combinations, a finding
illustrated in Fig. Dl. From this figure it can be seen that stationary vehicles
recorded about 3 times more helicopter sightings than fluid vehicles against
four of the five types of killer teams studied. For the ENTAC with passive
helicopter participation, however, the fluid vehicles scored significantly more
acquisitions (or the stationary vehicles significantly less) than would have been
expected from the outcomes of encounters with the other four types of killer
teams. These results were attributed to the fact that on Run 6-4 (ENTAC,
passive helicopter, fluid targets) the helicopter pilot did not withdraw to a
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position outside the mission area as instructed and subsequently was caught
on the ground by the entire enemy force.

An analysis of ground-complex performance against helicopters during
the entry and attack portions of the killer-team mission is presented in Tables
Dl to D12. In these analyses the main factors studied are the type of killer
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team (SS-ll/UH-l, ENTAC with active helicopter, ENTAC with passive heli-
copter, recoilless rifle with active h~elicopter, and recoilless rifle with passive
helicopter) and the effect of ground-vehicle movement (stationary, fluid). For
Runs 1-1 to 1-4, 2-1, and 2-2 during which two UH-1B aircraft were employed,
the total quantities of ground-compiex act!,vity against the helicopters have
been divided by a factor of 2. The results of the analyses shown in Tables Dl
to D12 indicate that:
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(a) During the entry phase of the killer-team mission, significantly more
helicopters were seen and fired at by stationary enemy elements than by fluid
ones. Similarly, the period of exposure of entering helicopters was aignificantly
longer to the stationary enemy vehicles than to fluid elements.

(b) During the period of killer-team attack the number of times that heli-
copters supporting some kinds of killer teams were fired at differed significantly
from the number of times helicopters associated with other kinds of teams were
taken under fire. Only one firing on eight runs, for examp)e, was recorded by
stationary and fluid enemy vehicles against passive helicopters transporting
recoilless-rifle crews.

(c) Based on the entry and attack phases combined, significantly more
ground acquisitions and firings were made against helicopters supporting some
types of killer teams than others and significantly more acquisitions and firings
by vehicles in stationary complexes than by vehicles in fluid complexes.

The data shown in Tables Dl to D12 indicate that the amount of enemy
action observed against helicopters employed as weapon platforms for SS- 11
missile launchings is substantial. The average number of times that helicopters
equipped with the SS- 11 system were acquired and taken under fire was greater
than for helicopters in any other role examined. For this reason and because
the employment of helicopters on this type of mission was different from the
role of helicopters supporting dismounted elements, a set of statistical analyses
was made that excluded the SS-11/UH-1 data. These analyses presented in
Tables D13 to D24 compared the exposure of helicopters (a) in support of
ENTAC vs recoilless-rifle crews, (b) on active vs passive missions, and (c)
to stationary vs fluid enemy ;.ehicles. From these 12 analyses it was found
that:

(a) During the entry phase of the killer-team mission the number of
times helicopters were acquired by stationery vehicles and the length of time
they were within sight of stationary ýehicles were significantly greater than
for fluid vehicles.

(b) The number of times helicopters were sighted and taken under fire
during the attack phase of the killer-team mission was noticeably different
for some combinations of helicopter participation and target movement than
for others. Helicopters providing active support, for example, were fired at
a total of 51 times by stationary targets and only 22 times by fluid vehicles;
on the other hand, passive helicopters were fired at only 2 times by stationary
vehicles but 11 times by fluid enemy elements. The unexpectedly high number
of times passive helicopters were fired at by fluid enemy vehicles was attri-
buted to Run 6-4 during which the helicopter pilot deviated from the role pre-
scribed for passive aircraft and was fired at 10 times by fluid enemy elements.

(c) Based on the number of times helicopters were acquired and fired at
prior to retrieving the dismounted elements the amount of enemy activity against
helicopters was significantly less on runs in which the helicopter assumed a
passive role than on rums in which the helicopter provided active support.

(d) Vehicles in stationary ground complexes acquired noticeably more
helicopters than vehicles in fluid situations.

The first 24 analyses presented in this appendix are based on ground-
complex actions against the helicopter portion of the killer team. Analyses
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of the evasiveness of the DKEs are provided in Tables D25 to D28. These
analyses indicated that:

(a) Significantly more acquisitions and firings were recorded against
recoilless-rifle crews than against ENTAC crews. Because there were two
recoilless-rifle crews per mission compared with one ENTAC crew and be-
cause the recoilless-rifle crews had to come within 400 m of their targets,
these findings are not unexpected.

(b) ENTAC crews were exposed for a significantly longer time to sta-
tionary vehicles than to fluid vehicles (380 vs 180 sec), but recoilless-rifle
crews were exposed for significantly less time to stationary enemy elements
than to fluid vehicles (179 vs 588 sec). This killer-team target-movement
interaction can be attributed in part to the fact that against fluid vehicles the
recoilless-rifiIe crews frequently selected ambush points in relat'vely opeia
terrain offerring Limited cover during killer-element withirawal, but against
stationary targets the recoilless-rifle crews ap•p. oached and withdrew from
target-complex vehicles through wooded terrain whenever possible.
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