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GUNNER AIMING PERFORMANCE AS A FUNCTION OF TAR( I.T TANK

SHAPE , SIZE AND SELECTION OF FIRING POSITIONS

INTRODUCTION

The fact that target size affects the probability of achieving a hit on the target is y e n ’ .
obvious. When firing under main front or range-type conditions , the rel ationship of s u e  (II rang
to hit probability is clear and unambiguous. Equally clear is the (let that regular , we Il- det i n
shapes—such as circles , squares, rec tangles, ell ip ses, and rhomboid ’. present little in t h e wa~ of
challenge when a gunner must determine the geometric center of mass. Reference points ii

readily available and the human visual system is efficient at determin ing when I I ILSC Iandun, ’’ I
are equidistant and thereby define the center of the shape.

What is not obvious is that relationship of actual presciited ta rget si/C and shape s~l ieui t i ~
target is intelligently interacting with the terrain but still constrained i n  achieve a pa r t i L  uu l i
mission. That mission is not merely to survive , but rather to deliver effective fires on an uh~ect i \ C .

and , concomittantl y minimize its own vulnerability.

The Swedish Casemate tank and the M6OA 1 , because of their dr ,umat ic d i f h t r c n i  ns in ~~~~~~~~

and size (Figures 1 and 2), provide a singular opportunity for examin ing the se rcla t iu ins hu ns ‘~ C
current hardware.

The data and discussion which follow represent the II . S \ t  rn’ I I t u ma un Eng irni
I .abu) rat o ry ‘s effort to establish a basic understanding of these ph ICr innna and eva l nat e thc I’.
as it might affect future tank design.

\PP ROACH

A Swedish Casemate and an M6OA 1 were made available for the t es t .

An objective for the tanks was established at 1 800 yards from the tank’ s inc of de parlr ~n i

Situated on that objective were two vertical markers painted in h,urher pi le fashion f l I t  L . I 5 ~
.IcLluisition by both commander and gunner. These poles , 50 yards apart , defined the 5CC iou i f

respons ibility for eac h attacking system . The advancing tanks had to he able to lay simulated lire
lruim one pole to the other and along the entire length of the 50- ’~ ard secto r .

Each tank was to assume four firing positions as it approached Ihe objective. OnIs handhold
\ 5 . IS to he used for concealment because vegetative concea lments would nullify the paramet e rs ui
interest (size and shape of the tank).

Once a position had been selected , it was essential that both the lank commander and ti ne
gunner could see the objective and deliver simulated fires as described .ihove.
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Figure 1. M6OA1 Tank.
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The M6OA J positions were selected by a senior US Armor noncommissioned officer (NCO).
The Swedish Casemate positions were selected by a lieutenant colonel (LTC) of the Swedish
Armor Corps.

In this way, the pos itions selected were those suitable to and compatible with the design
characteristics of the individual systems.

It would be improper to force both tank systems to use the same positions , thereby possibl y
bias ing the situation in favor of one or the other.

In an attempt to gain some insight on how this bias might wo rk , we subsequently had each
tan k system occupy the other ’s selected positions , thereby providing comparative data on forced
pos itions versus selected positions.

SUBJECTS

Six defender subjects were used to generate the data. Each held an 11 E tanker ’s MOS and
had successfu lly completed their Armor Advanced Individual training.

A br iefing was prepared on the Swedish tank to instruct the subjects on where to deliver t i r e
to ac hieve a K-kill.

A refresher br iefing on the M6OA 1 was also provided.

PROCEDURE

As each tank assumed its offensive position of maximum concealment hy landlold (hut able
to simulate fire on the objective), each defender subject de livered simulated fire on the tank from
each of t hree defensive positions located on the objective between the vertical markers. The
attacking tanks were instructed to lay their guns first on the left vertical marker and then on tI ne
right mar ker as directed.

Each defender position was provided with a heavy duty friction head tripod upon ss hicln ssa~
mounted a pin registered 16mm gun camera and a collimated 8-power gun telescope wi th  a re t i c l e
in the focal plane. This was used to aim at the tank. Aiming was to he accompl ished qu ick is hr ni
a slight target offset. There was no detection requirement.

When sat isfied with his aim point selection , the defender pressed a button ss ti ich a c t i s . n t cJ
the camera and left a mark on the film indicating trigger pull.

The subject then proceeded in sequence to each of the other two defender positions and
followed t he same procedure. This provided 18 aim points (6 subjects x 3 defender p usit iuns
18) on each tank. The tanks were next directed to lay their guns on the right re r t i c a !  marker . line
six defender subjects repeated t he above procedure thereb y producing 18 additional ,iim points
for a total of 36 on each of the tanks.

When all the selected positions had been occupied and aim points sele ted . the ent i re
procedure was repeated with the tanks occupying their forced positions.

5 
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TEST CONDITIONS

S-Tank M6OA1

4 Selected Positions 4 Selected Positions
2 Lay Points (L-R) 2 Lay Points (L-R)

3 Defender Positions 3 Defender Positions
6 Defender Subjects 6 Defender Subjects

= 144 Aim Points = 144 Aim Points

S-Tank M6OA1

3 Forced Positions 3 Forced Positions

2 Lay Points 2 Lay Points

3 Defender Position; 3 Defender Positions

6 Defender Subjects 6 Defender Subjects

= 108 Aim Points = 108 Aim Points

DATA AND RESULTS

We expected the test conditions to produce about 500 aim points.

Because of the nature of the terrain at the closest range , only one firing position could be
found that was acceptable to both tanks. Therefore, there is no “forced” position for either tank
at the 900-yard range.

The data consist of the following:

1. The variabili ty of the aim points.

2. Target shape and the center of the aim points.
I

3. Target size:

a. in selected positions.

b. in forced positions.

4. The calc ulated hit probabilities for:

a. M6OA1

(1) selected positions

(2) forced positions

b. Swedish Casematc

6
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(1) selected positions

(2) forced positions

Variability of Aimpoints

When the gun camera film was anal yzed , we discovered that data recording malfunctions
had eliminated many data points: about one-fifth of the film data hacked the essential trigger pu lh
marks. The remaining or good data fortunately are distributed about equally across all defenders
and conditions. This results in approximatel y 30 data points per target and only these are used in
the analysis.

Each presented target had a 4-foot-square black and white reference marker nearby and in
the camera’s field of view. Because of its superior definition , we used it to measure subject ‘o
subject changes in aim point through the simple change in location of the marker .

Table 1 presents these data as a standard deviation in feet and mils. The variability is of the
order of .2 mils. Targets were presented starkly without garnish or camouflage of any kind.

Target Shape and the Center of the Aim Points

As the film was read , it was apparent that the defenders were selecting aim points ge ncn , I ,
in the region of the presented target ’s geometric center. Because the film s~,ns pnorl~ ex pose d , Inc
precise center of the aim points could not be determined in many L asL s, hut , nevertheless , a ‘.nsn j , i I
estimate could be made and is presented in Figures 3 through 6.

The estimate was achieved by dividing the aim points SO that one-half were above the
dividing l ine and the other half below. In similar fashion , the aim points were divided left and
right . The shape of these tanks did not prevent the gunner from i.uying accuratel y on the tar2ei .

Target Size - Selected Versus Forced Positions

The data in Table 2 express the relationship of presented target size of the two  tank s
between “selected ” firing positions and those that they were “forced’ to assume.

Overall , the S-tank showed some advantage in the selected positi ons. Not SO much so in tic
horizontal dimension , but substantially so in the height dimension: 2.4 feet for the S-tank yers uis
4.0 feet for the M60 on the average.

But , in the “forced ” positions , the M60 does as well as the S-tank in both dimensions.

In fact, Table 2 (target size in feet) shows that in the forced positions the M60 often does
better than the S-tank in the critical elevation dimension.

I t seems clea r, then , that th e S-tank’s size alone is not the determining factor in presented
target area. It must be able to find and take advantage of terrain if its design characteristics are to
be meaningfully employed. Thus, it is simplistic to talk only of tI;e size of the S-tank with utu
regard for the interaction of terrain.

7
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TABLE 1

Standard Deviation of Aiming Performance Against the M 6OA I and the
S-Tank Expressed in Feet and Mils

SELECTED

Standard Deviation
Feet Mils

Position Range AZ EL AL EL

S-Tank

4 1771) .8 1.0 .2 .2
6 159(1 .6 .7 .1  .1
8 121)0 .7 .6 .2 .2

2 900 .5 .3 .3 .1

\ 1 60

1 7 7 ,  .7 .6 I . 1
3 1f~~H .~~ .6 2 . 1

5 12 3 ’’ .4 . 7 .1 .2
2 ‘101) .~~ .6 .2  .2

FO RCED

S-T a nk

1 177 1) .7 .9 . 1 .2
3 I ~~S0 . 9 1 . 0 .2 .2

S 1 7 3 0  .~~ .6 .1 .2

2a

M60

4 177 0 .9 .6 .2 .1
6 I S ,io I ii .~~ . 2 .2

8 1 200 .5 .6 .2 .2
2d1

‘1N o ‘‘forced’’ p us , t u , u i  w a s  u s a  ilahle it the ‘10(1-s .inI r n~ c.

S
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TABLE 2

Presented Target S u e  in Mils and Feet As a Funct ion of 1 sso Sets of
Firing Positions , Selected and Forced

SELECTED

Targ et S u e
Mils Feet

Position Range AZ EL Al EL

S-Tank

4 177 0 1.8 .6 9 .7 3.1
6 1590 1.9 .4 ~~~)

8 1200 2 .6 .5 9 . I 1 .9

2 900 3.4 1 .1 0 . 1 3 .1

M60

1 1770 1 .9 1 .1
3 I6~0 1.9 .7 9 . 7
5 1 230 2.7 1 .1 I( k()

2 900 2.5 1 .0 6.9

FORC ED

S-Link

1 1770 1.6 .9 S .~
3 16~0 1 .6 .4 7. S I S
5 1230 2.5 1 .1 . 2 4 .0

M60

4 1770 1.7 .S 0 I 13
6 1590 1.4 .5 ( 1 . S 2 3
8 1 20(1 2.0 .9 7 . 1 3 .1

13



Hit Probabilities on S-tank Versus M6OA 1 Targets

Target area alone is insufficient to describe the probability of obtaining a hit. Errors in the
vertical plane for fall of shot are always greater than those in azimuth.

Obv iousl y, two targets of equal area could present entirely different challenges to the
engagi ng gun ner from a ball i stic standpoint.

The hit probabilities are presented for both dimensions of the target , horizontal auid vertical ,
in Table 3 and are derived from Figure 7.

It should be noted that the curves of Figure 7 are for a 7.5-foot by infinity target.
Consequently, an adjustment for actual target size was necessary before emp loy ing these curves.
The appropriate standard deviations for these curves were obtained by multiplying the computed
standard dev iations by the quot ient üí 7 .5 divided by the actua l target dimension.

Because of ballistic characteristics of tank ammunition , an engaging gunner gains an
advantage as the target gets larger in the vertical plane.

Therefore , an M6OA1 turret , while higher (taller) or more exposed than the S-tank ui the
vertical plane , could still have a smaller exposed area than the wide and how S-tank striving to
look over a small berm and delive t fire.

But , the vertical plane is where the gunner needs the assistance in hitting the target.
Therefore , a vertical exposure of lower total area is a more vulnerable exposure than a larger but
closer to the ground exposure.

The data in Table 3 for ‘selected” positions certainly suggest an advantage for the S-tank
survivability in most cases. The probability of a hit in the vertical plane on the average is .87 as
opposed to 1.00 for the M60. This difference of .13 is nevertheless considerabl y short of
estimates based on height alone without regard for terrain interaction.

In the “forced positions ,” ones they might have to accept if hasty emplacement is called for
or previous reconno iter is denied them , the two systems begin to 10(1k s er v similar , Ph E of .95 for
t 1 ne M60 and PhE of .88 for th u S-t a nk , a difference ~if only .07.

The calculation of hit probabilities requires , in addition to the standard deviation of toe
aiming error , a measure of ti ne bias or mean of the distribution. This derives from the standard
pru cedure of firing at a well-defined aim point. However , in this case there was no well-define d
aim point such as a cross or sp here. Consequently , we have taken the bias (if the distri bution t

icr ’. Because this may be s nine w ha t  unr~aI , s~ c rcca hcula t e , l  our hut probabil ities employing .1
bias of 1 foot . However , this resuf ted in no practical change in Ph in e ither dimension.

Since it is conceivable that the bias mi giut become large through Lamouflag e pa inting
(making center of mass more (lift cult to judge ) or the addition of garnish , addit ional hit

proh,lhilitics are presented in Tabl e 1 for two larger val ues of bias. These hit probabi l ities sue,t~est
the importance of inducing large biase s in the gunners ’ aiming behavior. However , it mas he mu r e
im portant , all other things being ‘ l;Ll . Il , to plate empha si s on dcc ei s ing (through use of te l  r,i i n ,
fohi ,it~e , camouflage , e t L . )  the visual s~ stem ut t he enems gu uulne r t ian 0) emphasi ze ta rget heug ht
reduction for its own sake.

14 
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TABLE 3

Probability of Obtaining a Hit On the S-Tank and M6OA1 for Tss u
Sets of Firing Positions, Selected and Forced

SELECTED

Position Range PhA Ph E

S-Tank

4 1770 1 .00 .85
6 1590 1 .00 .81
8 1200 1.00 .80
2 900 1 .00 1 .00

M60

1 1770 1 .00 1. 00

3 1 680 1 .00 1. 00
5 1230 1 .00 1.00

2 900 1.00 .99

FORCED

S-Tank

1 1770 1 .00 .96
3 1680 1 .00 .69
5 1230 1 .00 1.00

M60

4 1 770 1 .00 1. 00

6 1590 1.00 .57
8 1 200 1 .00 .98

Hit probabilities were calculated from the three values of target suze , t he mean it the dis t r i h iun
of aim points and their standard deviation. A Nomograph describi ng these u .~ I a t i u  iu~~obtained from the U.S. Army Ballistic Research Laboratories to uunipt i te the s . u l u ue ~ of u n
presented in this report.

15
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TABLE 4

Hit Probabilities for Two Values of Bias on the M6OA1 anti the S-Tank
in Selected Versus Forced Positions

SELECTED

B ias - 2 Feet Bias - 3 Feet
Position Range PhA PhE Ph Ph A Ph[ Ph

S-Tank

4 1770 .97 .72 .70 .90 .61 .55

6 1590 1 .00 .71 .71 .96 .59 . 66
8 1200 1.00 .70 .70 .89 .60 .53
2 900 1 .00 .99 .99 .8’) .81 . 72

M60

1 1770 1.00 1 .00 1 .00 . 95 . 85 . 81
3 1680 .99 .95 .94 . 01’ .76 .6%

5 1 230 1.00 .91 .91 .82 .71 .58

2 900 1 .00 .90 .90 .89 .70 .62

FO RCED

S-Tank

1 1 700 1 .00 .88 .88 .93 .66 .61
3 1 680 . 97 .58 . 56 . 8(1 5S 44
5 1230 1 .00 .95 .86 . 06 .75 .72

\ 16()

4 1770 97 0~” . 94 .5( 1 .80 .64
6 1590 . u~ 74 .71 . 77 M2 .45
8 1 200 1 (11 ) 57 57 I I  65 1) 2 
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DISCUSSION

The data presented above represent only one military advisor for emplacin g each tank and a
single terrain site at Fort Knox.

Sonic might argue that these results , therefore , merel y reflect differences bet~veen t h e
advisors skill in emplacing their tanks or that a different terrain site would produce e nt i re l ’ .’
different results. These sources of variat ion could probably be dealt with only by having several
adv isors and several terrain samples. This was not possible.

Whatever restrictions may apply to these data because of limited conditions , we be lieve that
th is test nevertheless provides insight regarding design characteristics and terrai n interactions. Our
percept ions of those relationships are provided in some detail below .

Reduced height alone will not guarantee improved battlefield survivability for a tank .

While size obviously counts for something, it is a co htectab le dividend only when
synerg istically released by the intelligent LI5C of terrain. And most assuredl y, there wi ll be t im ’S
w hen ideal terrain is available. It would be unwise , however , to deve lop designs and tact ics
predicted solely on this premise.

Consequent ly, tank size should not he pursued merel y for presenting a smaller target , h u t
rather it should be developed via a cogent philosophy and he an integrated outcome of mobility
and agility, weight , armor protection , cost , fire power , and especially tact ics and use of terrain , to
cite most of t he more salient characteristics.

Of course one can rationally argue that in the “open ,” a largen nank is hit more read il~
other th ings being equal , than a smaller one.

However , this smal lness may not be a desirable outcome of a design should it sacr if ic e th~
commander ’s v ision of the terrain ahead or if internal crowding produces a decrease in vehicle
fightabi lity.

Indeed , conceivably it might make greater sense to enlarge the tank’ s silhouette wi th ,~n
external lightweight armor app lique , the re h~ accepting a higher prnh.ihuhits of hit in c\c hange fo i
a diminis hed kill probability.

In the final analysis , armor is the combat arm of decisi on—not the combat arm u if s urviv a l
And in the fina l assault , any tank becomes a large and a hitahic tar get . So there ire good reasonc
for bui lding a tank without emphasizing target size and re lated Hp .us the l imiting dc s uc n
cli a rae te r i st i c.

As one analyst 1 has pointed out , turret size and therefore the wei ght of our tank s c o u l d  he
significantl y reduced by simple design changes (in our breech rings). The additi on of weig h t to
the breech ring wou ld allow the trunnions to he moved back along ‘.s tli a reduction in the length
of recoil. The space used by the gun would he reduced and a l h u u~’, for a reduction in t~e size of tine
turret.

1Zaroody, S. The heavy breech principle for tank guns. BRL \le mouandum Rerort No . 2242 ,
U.S. Army Ballistic Research Laboratories , Aberdeen Proving Grou nd , Md , November 1972 .
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The Russians have achieved a smaller turret desi gn , improved safe ty an d surv ~vahih i t~ and a

signif icant weight reduction by simply removing the ammunition from the turret and retaining
heavy breech ring.

In neither of these cases is size pursued for its own sake. Size is the by-product of the logical
consideration of design options related to mission achieveme nt arid the perceived threat .

In the matter of tank shape, it too will emerge as a logical consequence of the desu gn
options.

I t is inconceivable that tank shape would develop as some sort of novelty independent u~
techno logical advances in armor and slope design and the evolut ion of new ammunitions.

The assertion t hat the S-tank enjoys a significantl y lower proha hu lut ~ of hit merel y by r i le
of its size cannot be supported by this fie ld comparison.

When constrained to lay fire on the objec tive , it was necessary to hn ’~ dr upuien mat ucahl ’~
elevate the tan k (Figure 5) ,  thereby restoring it almost to its maximum height.

The turreted M60 on the other hand , when it ac hieved hull defilade , presented a small target
in e levation and azimuth. Only the turret ’s width established the hori z iuntal dimensiuni . T u) d~ h i ’ , e r

f ire , it mere ly elevated its gun or slewed the turret. There is no requirement to move from hull
defilade.

An examination of the M6OA l in comparison with the S-t auik reveals tha t the S~iank has
only 10 inches of space above the gun mounting. The M6OA1 , however , has a full 30 inL :h1es
abo ve the trunnion. That means that regardless of the terrain advantages which may he seized ,
tile M6OA1 is forced to expose this minimum in order to fire .

Paradoxica lly, the M6OA I could be even taller t h an it us and present a small e r target ‘a lien
defiladed , provided only that the trunnions were put higher in the vehicle. (Optics also ss oibd
have to move up in real life.)

Now , this theoretically very tall veh icle could poke its mui,le user the berm wi t h  nothing in
the tank higher than it. The chances of hitting such a presented t ,urget wo utd be minuscule. Yet ,
measured in the motor pool with a standard M6OA 1 , our high truinninned theoret ical  tank wou ld
appear to be considerabl y more vulnerable based on heig ht alone ss i t hun ut considerin g hoss it
would use terrain to present essentially only tI ne gun barrel as a target .

It is not seriously suggested that Ii gin tru tin ion posit ion i rig he pursued ii and ii I t~c I . But
rather , it is to say that in tank design , space above the tr u i nn i ut ns should he at (lie bare st
minimum .

CONCLUS IONS AND IMPLICATIONS

The principal conclusion to he drawn f ruum this f ield test is that neither si/C nor shape can
be treated as independent design features. Both ,ure arid ~s Ii u u o i t  inuc t~ he inc \ t u  caNs hound up
with fundamental design philosoph\ oh ‘a hichi t !1e~ will he un ls ,tfl ,inc ill, irs out i time.
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Comparative testing of tank systems should always take into account the unique design
characteristics of each system when measuring performance in a tactical setting . Terrain selected
for fir ing positions by an S-tank commander is likel y to prove who lly unacceptable to the
commander of an M60. When this principal is overlooked , the emergent data are likely to be
biased.

The S-tank’ s s ize alone is not the determining factor in presented target area.

When denied the use of selected or favorable terrain , the S-tank often presented a larger
vertical target than the M6OA 1.

Overal l, the S-tank enjoyed some advantage in the preferred positions.

To fully exploit its unique size advantage , the S-tank must be able to find and take
advan tage of favorable terrain.

Advances in camouflage painting and the addition of garnish and other eye deceiving
techn i ques may have greater influence on hit probability than size alone.

The configuration of a tank with respect to its trunnions and t h e space provided above them
is of greater importance for survivability than height as measured in the motor pool.
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