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SUMMARY AND
i RECOMMENDATIONS

F (U) MILITARY PROBLEM

The peimary function sl the 18-inch tonk-mounted seatchlight is to peovide llumira-
tton {or almed main ain [ire. How can the light octually be erployed in this way witheu®
0o great a risk thot the comtier tonk will be desttoyed by enemy aimo 2 To unswet this
question requires an estimote of the max'mum effectiveness of enemy main qun li¢ oqainst
\ a cartier tonk. The study summarized hete was conducted o provide this estimote, tosed
on the petiormance of the fice control aystem of the M48A2 tonx,

(V) RESEARCH PROBLEM

The atudy wos an ottempt 10 answet {Ive speciiic questions:

{1) What are the {irat-tound ond tial-cound hit peobabilities foc the M4BA2 {ue
contro] system when {ire is cimed at an 18-inch tank-mounted seorchlight?

(2) What ore the probabllities that the cartler tonk will be hit within cestain
tiine intervals after its searchlight s turned on?

{3) In this {ising situstion, is sensing accurats enough to moke odjustment of
{1ze possible?

(4) Which are moce occurote, sensings made by the tonk commonder or those
made by cheervers stationed to the {lank cf the {iring tank?

(5) What training xoblems are related to {iring ogainst seazchlightz?

(U) RESEARCH METHOD

Terget, Since the cost of fiting directiy ot 18-inch searchlights would be peohibitive,
a target site was designed which mode it posaible to fire at ¢ mirror image of the searche
light which was not, {or {izing purposes, distinguishable from an actual light. The use of
large tazqet panels and color-coded rounds made possibie the collection of d1spersicndata.

Equipment. Eight MABA2 tanks with new MA1AL qun tubes, vnd toue 18-1nch seatch-
lights with 2,500-watt bulbs, wete used,

Subjects. The firing wos done by elght tunk commandets, two classilied hy theit
commanding officers as avetoge, ond six os expart. Eoch tank commander was assigned
to one tank, which he {ired throughout the study. The proliclency level of the eight loadets
was approximately that ol the averore Advanced Infontry Tralning (AIT) qraduate. Eight
crewmen setved as senaing observers, stationed to the flank of the {iring tanks.

Design of the Experiment. The over-all cesion may be summarized as follows:

SR e e g

-

Roage Firlag Positions for Nunbeor of Masloem Nesber of
{Yards) Fa:h Tesk She: C:oaps Fired Revade por Shet Ceoup
800 In beam center 8 s
800 Out of the Lram 8 S
%,590 In beam ceater 16 10
1,500 Out of the bean 16 10
CONFIDENTIAL "
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:RICOMMENDAYIONS
‘
\ Fiach tonk commander (each tonk) {ued cne shet qroup from each ol the tWo Blamg 14 5

tions and two shot groups from each of the two 1,500-yord positiona.  The 13k wis
stationary: the searchlight was rotated 10° 50 that the tank was out of the beom let half
the shot groups. For each shot group, lising was stopped whea the maximum auinbet ol
tounds hod been (ited, oc sooner If the target mirtor was destzoyed. The tank commander
ond two obsetvera made senaings for each round {lred.

Procedwe, An ottempt was made to opproximate User Service Test conditions, ox
outlined {n Report ‘R-1380A, Frankioed Arsencl. Since night {lring conditions ote At
described 1n that report In sulficient detall 1o petmit opecational duplication, abitsary
interpretations wete mode (n establishing the {izing procedures to be followed in this study,

Firing positions were selected which wete as level as posaible and ftom which
the angle of site wos s near to zero as poasible. All rounds were APT-TIIE?7 omruat.
tion ond were fired from the tank comzander's statfon. During the aftemoon of each flring
night, tonks were zeroed foc each shot group.

For all the ahat groups fired from 800 yards, the correct range was Indexed in
the {ite contrcl aystem. For the first hall of the zhot groups flred from 1,500 yatds, the
tank commander was tequired to range on the target; for the second hall, selected rorges
wete Indexed, representative of the ronging erraxs which con be expected under these
{iting conditions.

Ammunition from the same lot was used throughout the test, excepl on the
last night. Fizing was conducted only undet cestain npecilied weather conditions.

(C) MAJOR FINDINOGS

Firat-Rouvad Hit Prebabilities. Data wete obtained lor tiroe target arecs: the miror
(18 inches squarl as a tarqet); o section of the target panel 71/2 ‘eet square, with the
mirtoc as its center; and a lower central section of the target panel tepresenting the car-
{ier tank. The firsttound hit probabilities (both heam pv vitions combined) were:

Roege \liver Tasge® Teger 11/2 Foot Square Cartiot Tosh Tagar
800 yarde 06 1.00 08
1,500 yords 0 " 28

Nis Probability as & Fuaction of Time. At 800 yards, hit pobability for one tonk
which opened flre on a cartler tank as soon o8 ihe searchlight wos turned on was .50 in
25 secords—that Is, in appeoximately the time it-took, on the averoge, to {ire tha lirst
mund. For two tanks 7iring, the hit peobabllity was .75 within 25 seconds.

At 1,500 yords, hit peobabllities were .39 for two tanks and .53 {oc three tanks
in 40 seconds, the average time requirod to fire the firat round ot thot range.

Effects of Practice. Hit peobability foc the first half of the shat groupe flred from
1,500 yards was .48; foc the second hall of the 1,500-yixd fiting, it was .76, The average
{ime tequired to get a hit wes reduced, for the second hall of test firing, by 28 pet cent
at 800 yards and by 20 per cent at 1,500 yards. Thete s no evidence that sensing
{mproved with pactice.
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Neasing Performance. Atall the positizas ton, which sensings wete  3te_getd 1 -
once was much better than would be expected by chance. The teaults s?aw thy 62
tounsds fued from beam centet, sensings mo¥z 1o o posstion ta the (lank <f the hiins

tank were mote accwate. Foc rounds {ited from outside e bear, sensings rate b, tha
tank commander weze imav accurate,

CONCLUSIONS

Two assumptions must be mede befoce the tesults ol the study tecome gcceptable
03 an eatimate of the eifectiveness of enemy tank qun fue ogoinst the 1B8-tnch tank.
mounted sear hlight, [t 1ust be ossumed that the petlormonce of enemy medium qun
taks 18 comparable 1o that of the MABA2 tank. Also it must be assumed that o fuing test
carntied ow under User Service Test conditions 15 appeopriate {or estimating the masinum
capabtlities of the enemy in combat,

(1) At beth ronqes (800 ond 1,500 yords), ond presumably at tanges botween
them, the risk of desttustion of the carrier tank 15 considerable if the sestchlight temains
on long enough (0 enable eremy tanks to {ice,

(2) When the seatchlight Is used 10 provide illuminstion fox delivering otmed
main qun {ire against enemy armox, the light should not be tuned on {ox as long a peniod
as it tckes enerry tanks to qget ofl a {uest tound ecch. {Average Dimes to {ue the liat
tound, in thiz study, 26 seconds ot 800 yoeds: 39 seconds ot 1,500 yarda, inchirding
ranging lime.) For o tank platoon equipped with two seotchlights, the oction sugqested
18 thot the lights be tuned on In succession to tlluminate the same target areq, leaving
each light on {or a period slightly shotter than that needed by ensmy tanks to {ire: ond
that each carrier {onk be moved as 306 as 1ts light 1s twned off. This will illuminate
the target for o pertod twice as leng as that dwing which each cortier tank 18 o target ot
enemy lite, .

(3) Fizing ogainst searchlights seers (o be a unique qunnety task which
requites practice tn addition to that afforded by conventional qunnety exetcises,

RECOMMENDATIONS

(1) That the {indings ond conclusions {rom this study be Incorporated tnto armox
doctrine and literature pertaining to searchlights.,

{2) Thot tank plotoon traing for night combat emphasize troining tn coordinated
action between carrier tanks ond {1zing tonks.

(3) Thut tonk commanders be given practice in {iring aqainst searchlights 1if the
use of searchlights by enemy atmor is anticipated; and that the target laycut designed
for this study be utilized In such {iring practice,
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OF THE RESEARCH

THE EFFECTIVENESS OF 90mm TANK GUN FIRE
AGAKINST THE 18-INCH SEARCHLIGHT (U)
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(v) PROBLEM

One result of the efforts in recent years to extend the night fighting
capabilities of Armor is the development of the 18-inch tank-mour*ed
gearchlight. This light has been in use since 1952 but has not yet jeen
widely {ssued, and methods for ite employment have been stated only in
general terms.! Its chief function !a to provide Illumination for aimed
main gun fire. Methods must therefore be developed to provide adequate
illumination of targets and, at the same time, minimize the probabllity
of destruction of the carrier tanks by fire from the main armament of
enemy tanks,

Such methods cannot be developed without an estimate of the maxi-
mum effectiveness of enemy maln gun fire against our carrier tanks.
The primary objective of this study was to provide such a maximum
estimate, basing it on the effectiveness of the main gun of the M43A2
tank againat the 18-inch tank-mounted searchlight. The data {rom this
study may alsobe regardedas providingan estimate of the ¢ffectiveness
of our tanks against similar enemy searchlights. A secondary objective,
then, was to obtain information which might be used to improve methods
of firing aguinst searchlights,

To accomplish these aims, the study was designed to determine:

(1) The first-round and total-round hit probabilities for the
M48A2 fire control system whenfire is aimed atan 18-inch
tank-mounted searchlight.

(2) The probabilities thut the carrier tank will be hit within
certain time intervals after its searchlight i{s turned on.

(3) Whether, {n this{iring situation, rounds canbe sensed accu-
rately enough to make adjustment of fire possible.

(4) Whether sensing is more accurate from positions to the
flank of the firing tank or from the firing tank itself,

(5) Training problems related to firing at searchlights.

AP N

‘j RESEARCH METHOD

(U) Approach

Test firing against & searchlight with the main gun of a tank presents
& number of problema:
(1) When several hundred test rounds are to be fired, the light
must be protected from damage; otherwise the cost of the teat would
be prohibitive.

"Employment of the 18-Inch Tank-Mounted Searehlight 1n Battlefield Nllumination, D A
Training Circular 17-2. (Reference 4.)

e
"
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{2) The location of each round ator near the piane vl 1he targe*
must be recorded on a target panel so that dispersions can be vomputed
At » range of 1,500 yards, a panel at leant 20 feet squarc Is required,

(3) The sequence of the rounds {13 a shot group must be identi-
fiable on the panel. (It is not possible to spot the rcunds at night, since
the target panel is not visible,)

() The eflects of the searchlight glare must be minimized.
When fic» is directed against a searchlight from positions near the cen-
ter of the beam, the gunner is faced with an uncomfortiable glare in his
periacope sight, which may make precise laying and senxzing difficult,

These four problema were solved in the following ways.

(1) 1f only first-round hit probabilities were involved, the light
could be protected by the simple device of ll!hunL‘ at the light and actu-
ally firing at a panel target beyond it, using & known elevation offset.
When subsequent rounds are to be fired with adjustment, however, each
round must be almed directly at the light to enable the tank commander
(or gunner) to change his lay on the basia of his sensing of the previous
round, Therefore, a special target site was designed which protected
the light from damage, yet kept it visible as a target. (See Figure 1.)
The light was buried in a trench which was dug at the top of a berm. The
light faced {n the direction of fire and its beam was refiected toward the
firing oite by two plate glass mirrors.

(2) Tu o target panels were erected to collect the rounds fired
at the unage of the light. One was located behind the trench, the other
in {ront of the berm, The dimensions and the relative positions of the
target components are shown in Figure 1, The panels were made of
cardboard covered with target cloth, and were supported by wooden

SEARCHLIGHT TARGEY
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¢ frames, The alignment of the upper narror wiid the pances Was Su s tha®,

as geentrom the firing position, the target site jvuked aimust LIRe @ #ibj.e
panel target 20 feet square with an 18-inch square marror at 18 ve ter.
(Sce Figure 2,) During the test {iring only the image of the searchhitht
wasg visible, Four suchtargutsites were constructed to make 1t posgsiic
to ffre four shot groups per night without delay for target repair.

TARGET SITE AS SEEM FROM KiXiNG POSITION

3
(
\
¢

Figeeo 2 (V)

(3) Identification of the holes in the target panels was made
possible by color-coding the ammunition. The nose cone of cach rovid
in a shot group was painted a different color with apray enamel, which
left an acceptable trace on the target cloth, Thus all ﬁrltt rounds left
one kind of trace, all second rounds left another, and so on.

) (4) Al firing was done {rom the tank commander's position;
the range finder was used as the tiring sight and glare was minimized
by the neutral density filter of that instrument.

"Twa colors were uned on some tounds in the sequence to avoid using ievs suitable colota,
The following sequence of colots was used: 1) red, 2) blue, 3) yellow, 4) green, 5) orange,
6) blue-red, 7) yellow-green, B) red-green, V) light blue, 10) copper.
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({U) Equipment

Four 18-inch searchlights (Slrong Electric Corporation Model
9800-A), sach equipped with & 2,500-wart bulb (General Electric Model
2500T30), were used aa target lights, They were activatad by two auxil-
fary generator and engine assemblies, each duplicating the auxiliary

1 st ] 4
siectrical aystam of the M43A2 tank,

Eight M4BA2 tanks equipped with new $0mm gun tubes (M41A1)
were used. Thelr fire control instruments had been inspected by the
Ordnance Fire Control Instruments Shop, Fort Knox, and passed as

being in satisfactory condition. (Each tube had fired three Ordnanca
check rounds.)

(U) Subjects

The firing was done by eight tank commanders stationed at Fort
Knox. Two were from the Combat Vehicle Section, U.S. Army Armor
Board, one {rom the 6th Armored Cavalry Regiment, one from the
30th Tank Battalion, and four from the 894th Tank Battalion. Six were
classed by their commanding officers as "expert” gunners; the other
two were clasaed as “sbout average.” Each was assigned to one tank,
which he fired throughout the test.

Eight loaders were used. Their level of proficiency was about that
of the average AIT gracuate ("expert™ loaders could not be obtained).
Six remained with the same t.ni throughout the test, but two had to be
replaced for some shot groupas.

Eight other tank crewmen sersed as ar ging observers at positions
to the {lank of the {iring tanks.

(U) Design

The eight tanks fired a total of 48 shot groups from two ranges,
with the beam in two positions at each range. As shown in Table 1, the
ranges were 800 and 1,500 yards.! The firing positions (at each range)
were (1) at the center of the searchlight beam and (2) out of the beam,
at 10* from beam centec. Tanks remained stationary; in-beam firing
positions were converted into out-of-beam firing positions by a 10°
rotation of the searchlight.

Eight shot groups (maximum, § rounds each) were fired {rom each
800-yard position, and 16 (maximum, 10 rounds each) from each 1,500-
yard position, Each tank commander fired one shot group from each
800-yard position and two shot groups from each 1,800-yard position, a
total of six shot groups for each tank., Table 2 shows the sequence of
firing positions for esch tank, One shot group was fired from each of
four tanks on each firing night,

Each shot group was terminated when the target mirror was
destroyed or when the maximum number of rounds had been fired,

'Actual ranges were withis 10 yards of the target distances.
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Teble 1 18,
OVERALL DESIGN OF THE  XPERIMENT

Hasimum
Nuwber of Numbet of
Range Firlag Peslilon Gt c"""- Romde ;"
Shot Crecp
In beam center 8 5
800 Yards { Out of the beam 8 3
, In beam ceater 16 10
)2
1200 Yards ‘ Oxt of the besm 16 10
Table 2 (U)
SCHEDULE FOR SHOT GROUPS FIRED BY THE EICHT TANKS®
Firtag Shet Growp, Reage, a~d Firing Positiea®
Nigh Teak | Toak 11 Tosk 01 Teak IV
1 1. 8001ls 2. 800 Owt 3 1,50!s 4. 1,500 Owt
3 9, 1,500 Oxt 10. 1,500 Ia 11. 1,500 1a 12. 1,500 Owt
5 17. 1,500 Oxt 18. 1,500 la 19. 800 Owt 20. 800 1s
? 25. 800 Oxt 2%. 800! 27, 1,500 Owt 28. 1,500 Ia
9 33, 1,500 Ia 34 1,500 Owt 35. 1,500 Ot 36. 1,500 1a
n 41, 1,500 1a 42. 1,500 Oxt 43, 08001la 4. 800 Owt
Task V Toak V1 Task VIl Teak VI
2 S. 8001 6. 800 Out 7. 1,500 Ia 8. 1,500 Owt
4 13, 1,500 Oxt 14. 1,500 la 18. 1,500 Ia 16. 1,500 Ot
6 21. 1,500 Out 72. 1,500 1a 23. 8000wt 24. 800 Is
8 29. 800 Out 30. 800k 31. 1,500 Owt 32 1,500 Ia
10 37. 1,50 1Is 38. 1,500 Ont 39. 1,50 Out 40. 1,500 Ia
12 45. 1,500 In 4. 1,50 Ont 4. 860 48. 800 Owt

“The follewing chagzs bad 10 be madar 2het (rovpe 3 and § wore fired oc o mako-up aight (shior the
slxth night); shot groep 17 wea lired ia the plece of 3U: shat 2. vpa 30, 34, 33, sxd 30 wore {kred ea & make-
vp alght (aftor the last schedaled teat alght). These chiages wwe due meatly to rutsmutive difficulties,
asd 414 vot favclve changee (s gusners oc tanks.

"The asmerals ndicate rmage [s yards. *1.“ and %ewt® Indicate the [iclag pesitlen, inside or outside
the searchlight beam.

whichever occurred first.! It was possible to destroy the mirror by three
kinds of hits: (1) a direct hit; (2) a hit on the two-inch supporting pipe,
12 inches of which was exposed between the berm and the mirror; and
(3) a ricochet hit (a hit by a round which grazec the top of the berm and
bounced into thz mirror).

Each rouad was sensed by the tank commander and by two observers
stationed to the flank of the firing tank. The eight observers were
rotated systematically through thege two observer positions. For shot
groups fired from 800 yards, the observer poaitions were 25 anc

'Oxs 1,500-yard out-ol-beam shot group was terminated after eight rownds becavae of damage
to the lower mirvor caused by debeis from a near mins.
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50 yards to the right of the firing posttien, For shet greopes fived o0
” ” ‘
1,500 yards, they were 30 and 100 yards tu the 1oft of the firang -

PROCEDURE

Test Conditions

) In general, the atudy was intended to approximate User Serviee
Teat conditivns, as outlined in Frankford Arsenal Report R-1380A,
which attempts to apecify standard conditions for various types of eval-
uations of mccuracy in tank gunnery.! Because the report does not
describe firingconditions in sufficient datail for operational use, partic-
ularly with reference to night firing, arbitrary interpretations were
necessary !n formulating the procedures to be used in this study,

(V) Three days before the acheduled test firing began, all persennel
went through & practice run, which included zeroing. The entire test
procadure was followed, except that each tank fired one shot group of
five rounds {rom 1,000 yards.

{u) For each shot group the {ire control system was zeroed about two
hours before sundown. The zeroing procedure in Field Manuals 17-12
and 17-79% war follcved, except that all {iring was done {rom the tank
commander's position, The zeroing range waa 1,430 yards. Each tank
was moved a few hundred yards from the zeroing position to the firing
position, which had been selected to be as level as possible, and to have
a minimum angle of site.?

(U) APT-T33E7 ammunition {rcm the same lot was used for all zerolng
and test firing except on the last night of testing. An Army-wide recall
of all 90mm AP ammunition uccurred before the final test night; ammu-
nition from ancther I* ¢ was subsequently used for the night on which
shot groups 30, 32, 35, and 38 were fired.

(U) Test firing began about two hours after sundown. Just before being
moved to its firing position, each tank was supplied with the maximum
number of ammunition rounds (five rounds for 800 yards, 19 rounds for
1,600 yards). The color-coded rounds were placed in the ready rack in
the predetermined order In which they were to be fired. Shot groups
were fired one at a time in the order shown in Table 2. Only one tank
was stationed at a firing site at any time. All test firing was done from
the tank commander's position,

(U) The tank commanders and loaders were instructed to try to obtain
a hit on the light as fast as tney could. In order to motivate them to

) ‘Heference 1. This dacament reflecta the official poaition of the Office of the Chiel of
Ocdaance. It is axpected that, after minot revision, it will reflect the oflicial CONARC positioa,

"References 2 aad 3,

"From the zeroing position to the B00-yard position the distance was about 1,200 varda; ta
the 1,500-yard position, sbout 500 yards, Neither a perfectly level liring poaition nor zeto angle
of site ia required uader User Service Test conditions. Actual anple of site wan 20 mils from the
100-yard position aad 12 mils from the 1,500-yard pasition.
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] operate at maximum apecd vunaistent with Riud iaying, awards were

made for hits, the value of cach award depending un the time 18 ook *
obtain the hit,

(V) Firing Procedure

. The following {iring procedure was adherud to:

(1) At the firing site, the tank to be fired wan potnted in the
genersl direction of the target,

(2) For »il shot groups fired from 800 yards, and for the first
half of those {ired from 1,500 yards, the tank commander indexed battle-
aight rangw (800 yards), For the second half of the 1 ,500-yard shot groups,
a range unknown to the tank commander was indexed. The distribution
of theae ranges was basedon data obtainedin an earlier study of ranging
againat the tank-mounted searchlight,! The distribution was normal,
with a mean of 1,500 yards and a standard deviation of 191 yards !

(3) For allshot groupsfired from 1,500 yards, the range finder
range scale and the computer range dial were covered with tape,

(4) The target searchlight was turned on, the tank coromander
switched the range finder filter lever to the ON position, laid the gun
on the light, and then deflected the gun 540 miis to the left. The light
waz then turned off,

(2) The *ankcommander took position in his cupola. Theloader
wag ready to pick up the first round.

(6) The target light was turned on again, now as & signal to
commence {ire, and the tank commander made a gross lay with his
periscope sight, The loader loaded the {irst round on command from
the tunk commander, then continued loading until all rounds were fired
or until he heard a sensing of “target” from the tank commander.

(7) For all ghot groups fired from 800 yards and for the second
half of those fired from 1,500 yaxds, the tank commauder followed his
gross lay with a precise lay with the gun-laying reticle of the range
finder, and then fired.} For the tirst half of the shot groups fired from
1,500 yards, the tank commander first ranged on the target light before
making his precise lay.

. (8) The tank commander announced his sensing of each round,
then adjusted his sight picture for the next round by the burst-on-target
method. If he sensed the round as “lost,” he used the same sight picture
in firing the next round,

For all shot groups fired from 800 yards, as previously stated, the
correct range was indexed in the fire control system, The procedure
used for the 1,500-yard firing was the result of the following circum-
stances: For the first half of the shot groups fired from 1,500 yards,
the tank commander was re¢quired to range on the target. It was

"Reference 7.

3Seq Appendix A for the {ndividual range values wsed.

*The task commanders were permitted 1o adjust the beightaess of the reagiag reticle in order
to make the gua-laying raticle more distiact, Most of them preferrsd maximum brightasss of the
tanging reticle {or this purpose. They were act permitted to wse the auxiliary reticle for laying
the gua.
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originally planned tofollow the same firing procedure for ail shut groups
fired from 1,500 yarda—with the range finder range scale and the com-
puter range dial covered—in effect, forcing the tank commander to range
on the target even though he might know the approximate or even the
exact range.! However, once a tank communder knows the range and
the approximate range finder knob position for that range, it ia difficult
for him to make an honeat ranging, even if ha wants to,

After close observation of the tesik commanders during thefirst few
shot groups fired from 1,500 yards, it wes suspected that scme of them
went through the motions of ranging but were actually attempting to turn
the range knob to the 1,500-yard position. When they themselves con-
firmed this suspicion, it was decided to change the ranging procedure
for the second half of the 1,500-yard shot groups. Consequenily, for
these shot groups, aelected ranges not known to the tank commanders
were indexed. These ranges werc representctive of those which can be
expected under the {iring conditions of this atudy.

(U) Weather Limitations

Zeroing and test firing were limited to the following

weather conditions:

(1) No precipitation.

(2) Temperature 30 degrees Fahrenheit or above, and no drop
of more than 20 degrees between zeroing and test {iring,

(3) No fog.

(4) Windvelocities no greaterthan 10, 15, and 20 knots, respec-
tively, 2t anglea of 61-30, 31-80, and 0-30 degrees to the line of fire,

These weather limitations are stricter than those outlined {or User
Service Test conditions in Frankford Arasnal Report R-1360A. Firing
was conducted only under these conditions, although xeroing for one shot
group was doné during a light snow.

Because of dust at the target site {due to low rounds), and because
of obscuration, the visibility of the target dropped considerably during
some shot groups, However, because of the nature of the target, low
target +isibility was never a problem to the tank commander. In fact,
for shot groups fired from the center of the beam, periods of lower visi-
bility undoubtedly made gun laying easier.

RESULTS

(U) Data Analysis

A total of 268 test rounds were fired, 57 from 800 yards and 211
from 1,500 yards. All rounds fired from 800 yards and all but 18 of

WOther ways of foceleg the tank commander to renge were {ound to be aither not feanible ot
not adequate, It ws= ot possible to place targets at waknowa distances beacketing 800 and 1,500
yards, for the target installation was permanest aad the four target sitex wese located at the only
barm on the range. Moviag taaks to aaother {iring site for each shot group was not considered un
adequate procedure, siace some of the task commanders wire fariliar with the dimensional charac-
teristics of the range facilitien,
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those {ired (rom 1,500 yards pasuscd thruugh the area svered s e
target panels (30 feet square),

V'I‘he codrdinates for every round were measured from photugraphs
of the panels, or from the target cloths directly.! Four cach of the 16
rounds which passed outeide the pancls, coordinaics were establishedas
follows: [he sensings forthe round were checked, and the sensing made
at the position which had yielded the beat average sensing score for that
firing position was accepted as valid? |t the round waa senacd as
“right,” for example, It was arbitrarily scored as being 11 feet to the
right of target center. Then the vertical position of the round was arbi-
trarily assigned the median value of the vertical positions of the other
rounds in the seme shot group. Similarly,a round sensed as “over™ was
scored as 11 feet above the target center and was given the median hori-
zontal position of the other rounds in the shot group.

Each round was scored as a hit or a miss on three target arcas:
(1) The target mirror (18 inches square as a target), (2) an area 7 1/2
feet square with the mirror as its center, and (3) the silhcuztte of an

M48A2 tank a#,ving as carrier tank for the searchlight reflected in the
target mirror?

RELATIVE POSITION OF THREE TARGET AREAS
USED FOR SCORMG

. r¢e -
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Figere 3 (¥}

'Photographs of target pancls could not be ssea for all shot growps, because of equip-
ment failure,

"None of the 16 roends was seased as *lost.”

'Except as noted later, three hits high on the mirror portion of the target were sot scored as
hits oa the carrier task terget,
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Analyais of the {{ryt-round vertical disperston data showed that the
change In firing procedure for the accond half uf the shot groups fire:
from 1,500 yards did not increase vertifcal dispersion of iirst ruunds.
In other words, requiring the tankcommander to fire the {irst round with
typlcal range error indexed did not increase vertical dispersion over
what it had beenfor shot groups which {ncluded some *pseudo-rangings.”

For this reason, the data for all shot groups fired from 1,500 yards have
been combined.,

Total Hit Probabilities

(u) Table 3 showa, for all rounds fired, the number of hits and the pro-
portion of rounds resulting in hita (the empirical hit probability, i.e., the
ratio of the number of hits to the number of rounds fired). As stated
previously, a shot group was terminated when the target mirror was
destroyed, Therefore tank commanders who obtained hits onthe mirror
on earlier rounds fired fawer rounds {n those ghiot groups. It may be !
assumed that, on ths average, they would hxve {ired subsequent rounds
as accurately aa tank commanders who obtained mirror hits on Iater
rounds. (See Appendix B for total-zound dispersion values.)

Table 3 (O)
NUMBER OF HITS AND EMPIRICAL TOTAL-ROUND HIT PROBABILITIES"

Tocget Frea
Nonbet 1
Fllag Poeltion ol ln:h Mirre Peael 7 172 Foel Square Cartler Tank H
Fiee
Hita Hit Pred. Nka Tllt Preb. Mita Rit Pred.
At 800 Yarda
In Deam Cester 32 1 03 25 a8 21 46 {
0" o‘ 8‘-‘ 25 5 -m 25 lvm 22 -”
Total 87 6 S0 4
Mean Hit
Probability 42 39 a7 |
At 1,500 Yerde
1a Besm Center 107 S 05 67 .63 ST 53
Out of Beam 104 8 08 62 &0 35 M
Total 211 n 19 92 '
Meaa Hit
Probability 06 61 R
Total for All Firing 268 19 179 135
Over-All Mesa \
Probability 09 a8 40

Sxatle of the aumber of hita 16 the aumber of rousda (ired,

First-Round Hit Probabiiities

(u) First-round hit probabilities~both empirical and constructive—are
shown in Table 4. A “constructive probability” is obtained by estimating,
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Takle ¢t
FMFRICAL AND CONSTRUCTIVE * FIRST Rut &0 1T PROBAELT -

Nanbet }— N ,I’E'_‘ Ales
Futag Fonitjen | ol Firng Nirrer Pasel 77 2 Fert HwJ Carrerr faxd
Ronsda 3 — ) -

I mexT SEY e m;»]’ s Mabe | M

At 800 Yarda
In Beam Center ]
Enpitical 1 R ¥ 0 7 I
Constractive " A H 95 o0 68 10
“1rat of Beam 8
bapirical 0 0 10 0 1.0 0
Coastructive 03 07 % o4 » os
\iean flit
Prabability
Eampirical 06 1.0 R
Coantructive .03 97 B 1
At 1,500 Yardn
1a Beam Center 16
Eempideal 0 0 1. .12 25 R}
Constructive 02 04 b} A2 33 A3
Out of Heam 16
Empirical 0 0 A3 A3 28 i
Coaatructive o K 4 13 " 1
\taan it
Peabebilaty
tmpirical 0 43 .25
Conatructive .02 32 )
Total Firat Rouada 48
QOversAll Mena
Probabitity
Fmpirical n 30 56
Constructive 05 .65 60

;l‘mpomn ol hite to be espected, based oa populetion valven lor center of tmpact aad dispernion,

Standard Frroc,

from the sample values, the population values for center of impact and
for dispersion,and then calculating from these estimatea the proportion
of hits to be expected.! For the carrier tank target, constructive hit
probabllities were calculated by simplifying the tank outline to two rec-
tangular target areas (11'11° x §°6” and 7'6% x 3'3") representing,
reapectively, the ch.ssis and the turret,

Although emptrical probabilities give an accurate picture of the
results in terms of number of hits, constructive probabilitfes, by taking
d'apersion into account, provide a better estinuate of the number of

"Thus calcalstion assumes that the horszontal and vertieal distributicns of the population of
rounds lin this cane, fitat rounds) are normal distributionas,
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hits which can be expected in future firings under simtlar cunditiers.
Considering the small size of the aamples used in this study, the cor-
respondence between empirical and constructive probabilitizs s
surprisingly high.
{w Table § shows constructive {irst-round hit probabilities computed
‘ without bias, that s, with the center nf {mpact of the group of {irst
AR rounds superimposed on the target center., These data represent cuti-
mates of the hit probabilities which would ve obtained if all horizontal
and vertical blas were eliminated. (See Appendix B for {{rat-round cen
ter of impact and dispersion 7alues,)

Table 8 (C)

CONSTRUCTIVE FIRST-ROUND HIT PROBABILITIES
ADJUSTED TO EXCLUDE BIAS

Torget Ares
Nembeot
SN Futeg Pesition | of Fuat Minw Panel 7172 Featl Syeate Cartier Teak
< Kooads
His Pred, &8 Hie Pred, L1 Hic Tyeb. SE

AL 800 Yards

TR WY
.

In Beam Center 1 20 M ¥ 97 .07 53 20
Out of Beam 8 .52 + 20 1.00 00 60 .20
Meaa it
Probability 34 .| 56
At 1,500 Yarda
1s Deas Center 16 03 .08 A7 A3 37 9 &
m‘ﬁ 0' BQ‘. 16 503 -05 -39 0‘3 ~39 C‘J
Vean Hit
! Probability .03 a8 .38
T Total First Rousde 48
OvetAll Mena
Probability 20 .68 A7

(C) Time Required to Obtain a Hit

Becauge the tank commanders did not range for the second half of
the shot groups {ired from 1,500 yards, their time scores for these shot
groups were adjusted as follows, to include ranging time: For the first
half of the shot groupsfired from 800 yards,the median {irst-rcund time

.. was 30 seconds; for the {irst half of those fired from 1,500 yards it was
43 seconds. The difference, 13 seconds, was attributed to ranging, and
was therefore added to the time scores of these shot groups fired from
1,500 yarde which did not include ranging. Over-all median times to
fire the first round were 26 seconds at 800 yards, and 39 seconds
(including ranging time) at 1,500 yards.

Table 6 shows the mediantimes (in secoids)and the median numbers
of rounds required to obtain a hit, No data are given for the mirror
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target, strce more than half the shotl gruups - ataines 1.

mirror. Table 7 gives « more detalled tabulation of the relatvn

Tadle 401

MEDIAN TINE AND MEDIAN NUMHER 0F ROUSDS
REQUIRED TO OUTAIN A HIT*

Panel 712 Feet Squarn Cartier Tesd
Fuisg Tesitisa
Time Time
(Secoade) Rewads {Soceads) Rewad-
AUL300 Yacds
{n Beam Ceater 22 1 pal 1
Out of Beam 28 1 P ] 1
Mean 2 1 % 1
At 1,500 Yarde
In Beomm Center $? 2 ) 25
Ost of Beam 42 2 72 35
Menn S0 2 &9 1

3ot

*

¢

¢Ne datx are givex {oc 1he misvor target, an more 1haa dall 1he shet grovps
conlained ne hit va it.

Tedle 7(C)

EMPIRICAL RIT PROBABILITIES AGAINST THE. CARRIFR TANK,
YITHIN VARIOUS INTERVALS AFTER THE SEARCHLIGHT IS TURNED ON*
: {Perceniage of Tasks Obsalniag ot Least (hae Nit Within the Tine Perins)

» Nombet of Seconds Aher Light la Twaed oa

Filag Poaitien
13 2 b= 30 h U3 [ /] 43 %0 LY o
At 800 Yards
Ia Beam Ceatet
Hix Probability Jz 38 62 35 88 .8 82 88 A8 88
Saedoed Error J2 .18 18 6 2 a2 a2 g2 a2 a2
(it of Basm
Hit Probability ] 25 38 S % 7S s s s
Stasdard Error 0 A6 18 16 6 N6 16 16 16 .16
Meaa Hit ProbaMlilty 06 32 % 8 A2 82 32 82 A2 82
At 1,500 Yarde
{n Beam Center
Hit Probability 0 06 19 19 31 38 i
Staadard Etror 0 O 10 0 22 a2 .13
Oxt of Bean
Hit Probability 0 06 .25 38 38 M4 50
Stasdard Erroc 0 O 11 12 a2 1
Mean Hit Probability D6 22 28 M W4l W
Over-All Mean Probability 03 5 25 38 M4 52 85 .58 61 .64

3acluded are treae hits on the target mirror not originally scored as hits oa the carvier taak target.
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between time and hit probability, with the varrier tauk .- e Ty
The data [n thie table represent the peorventages of tanks whe b fad
obtained at least one hit within the regpective time perpsis fros the
moment the resrchlight was turned on,

Performance as & Function of Practice

(U) The study was not designed to measure the e¢ffects of practice, tut
some aspects of the data maybe examined for indications of such effects.
As previously stated, each tank commander fired alx shot groups {four
from 1,600 yards, and two from 800 yards). These were so distributed
that, during each half of the test, each fired two shot groups from 1,500
yards and one {from &G0 yards. Performance during each half may there-
fore be taken as a unit of practice,

(V) The emplrical total-round hit probabilities for each half of the test
are shown in Table 8. There is a strong suggestion that performance
for shot groups fired from 1,500 yards improved during the course of
the test.! Also, the median time forfirst-round hits for the second half
of the teat was 28 per cent less for shot groups fired from 800 yards,
and 20 per cent less for those fired (rom 1,582 yards. Theae apparent
practice effects are noteworthy because the amount of practice was
rather limited, and because most of the lank commanders had had con-
siderable expertence as gunners,

Table 8 (C)

FMF RICAL TOTAL-ROUND HIT PROBABILITIES FOR
THE TARGET 71 2 FEET SQUARE AS A FUNCTION OF PRAGTICE

Flest Hall of Tem Secoed Hall of Test
Rounde

Finag Position
His r Rosads

Fired Fued | 0 } 0
At 500 Yarde
s Beam Ceater 13 10 ot 19 15 9
Qul of Beam 14 " 1,00 n 11+ 100
y Total % A 30 %
Meas Hit Probability B3 .90
At 1,500 Yards
fa Beam Center 3 p- ] A9 4 41 o
Ost of Beam (Y] % 46 T b1 iy
Total} 110 52 01 o
Mess Hit Probability A8 %6
Total for all Firlag 137 6 131 103
(ver-All Mean Probebility 48 83

'A similar saalysis for other aspects of the probability data wan nat practicable because of
limited sample size,
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Sensing Performance Y
(u) Since there {4 no gtandard system for & \. ag sensiag performas. o,
the following syastem was devisead. \
Locatfon of Round on Target Panel Sensing Scure

Within 23 1/2 degrees {from the senst:
Between 22 1/2 and 45 degrees from ,  scnsing
Between 45 and &0 degrees from the \;- Ly

’

— O =

Over 90 degrees from the sensing

"Degreen”™ refers to circular degrees in the plat - r{ the target pancl.
Sensings of “lost™ were given a score of 0, Figu | 4 ilwustrates this
scoring system; the four diagrama show how a sci ng of “short right”
was scored. )
(U) Table 9 shows the distribution of scores for senw

*¢ inadefrom the
tank and from the twe cbaerver positions, The data ft.

tae two ranges

PROCEDURE USED FOR SCORING SENSINGS \ :
In the csomple shewn, \

et the roved wed seased oo \

o “Short right . .

Koo, +1 $cote, o} K
[ ] \\‘
N
N

$eote, =) Yot

Logesd

-d :m m"ﬂ et
Figete 4 (V)
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were combined, since analysis showed no sigmifivant variaty o by
differences in range. Ateach of the three positiung, Senging per. eyt v
was conalderably better than would be expected un the hasiy of «han
alone; all differences were significant well beyond the 0001 feval of
confidence. More than half the sensings had a score of +} or +2. S nee
all rounds had to be gensed with respect to an 18-inch square, and 1nee
about 9 per centof the rounds hadtracer fatlurcs, theae resulta indiate
a considerable degree of accuracy in sensing performance, For rcunds
whichmissed the 7 1/2 foot square targetarea,twe-thirds of the sersings
had a score of +1 or 2,

Table 9 (C)

NUMBER OF SENSINGS XHICH RECEIVED EACH SCORE,
FOR EACH SENSING POSITION

Sesslng avd Fleing Positioee

Senaing Score® Toak Commander Near Lateral Oboerver® | Far Lateral Observert

In Beam [Owt ol Beam| 1 Besnn |Owt ol Besm| IaBesm [Ou of Beam

2 40 H 532 5 4 kI
i 16 b3 19 28 ro) H
ol S0 4 3 N 35 n
A 20 3 22 " 29 P
Total Seasings 126 110 126 110 126 110
Total Seasiag Score 76 104 101 a4 N 76
Meaa Sensing Score .60 95 B0 .76 .60 69

*See teat los chart of acoting nystem.
For 800-yard liring, the near lateral seaning ponition was 25 yarda to the right of the lied g tank, lor
1,500 yard firing, SO yarda to the lefr,
“Fot 800-yard liring, \be [ar lateral sensing ponition was 50 yseds to the right of the fina tanl, for
1,5%00-yard {ieing, 100 yarda to the left,
Iacluded in the senslags given a scote of 1et0 are those {of rounds senard an *loat®, 15 20 rounda
did not shaw & tacer,

(v) During the course of ‘e s'idy the eight obgervers made .wice aa
t.ny sensings .8 the eiyht tark commanders. A compariso. of the
mnsings made b+ the observeri during the first Z4 shot grcups with
1108¢ made during the second 2\ shot groups shows that the wdditional
' ractice by the observers did n.t result in improved sensirgs. This
dack of improvement was to be expacted because the observers had no
tnowledge of the accuracy of thair ; erformance,

(c) According to the sensing data, for rounds fired from positions in the
searchlight beam, sensings made frowm the nearer of the two observer
positions were most accurate. For ro. nds fired from positions out of
the beam, sensings made from the ta kX ~sere most accurate. A Chi
squar2 test showed these differences to ..e significant at the .)01 level
of confidence,
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(o) DISCUSSION

Br{ore the resulta of the study can ho avcepted a8 anawer vy -
problum of estimating the effectivencas of main gun Nre from eren
tanks againat tanks employing the 18-inch tank-mounted searechisgh, *w.
important factors must be considered, Firat it must be assumed thae
the effectiveness of enemy medium gun tanks is equivaient to that of *hv
M48A2 tank., Second, it must be assumed that » {iring test carried vut
under User Service Test conditicns is appropriate for eatunating enctny
capabilities under combat conditions.

Hit probabiliting noted hereln are probably somewhat higher and
firing times somawhat lower than would be expected under many, though
not necessarily all, combat conditions. Also, it should be noted that hit
probabilities againat the carrier tank which have beun obtained in this
study refer to a stationary and fully exposed tank; againat a moving tank
or against a tank positioned tn defilade, hit probabilities would naturaily
be smaller.!

The most relevant aspects of the results are shown in Table 7. At
a range of 800 yards, hit probabilily against the carrier tank ;:apidly
approaches 1,0, It is likely that ay soon as {ts searchlight is turned on,
a carrier tank would become a target for mure than one enemy tank.
With two enemy tanks firing agains? {t, hit probabliity approaches 1.0
within 25 seconds, thai {s, within the average time it takes to fire the
first round. It may be concluded, then, that at ranges of about §00 yards,
the risk of destruction of the carrier tank becomes too great if the
searchlight is on long endugh to ¢nable two enemy tanks to fire one
| round each,

A simlilar analysis shows that at 1,500 yards the number of enemy
tanks firing increases in importance as s factor in hit probability. With
a single enemy tank firing, hit probabllity is .22 in 40 seconds after the
searchlight is turned on, that is, within the average time it takes to t're
the first round at that range. With two enemy tanks firing, probability
fs .39; and with three tanks, .53. Table 10 shows how various hit prob-
abilities increase as afunction of the number of tanksfiring. This anal-
ysis indicates that even at ranges of about 1,600 yards the risk of
destruction of the carriertank becomes relatively high if each of several
enemy tanks {s able to fire one round.

If the foregoing analyses were made with respect to a daytime
engagement, the conclusions would be regarded as zeif-evident, and
the results reported here would be regardad =235 proving only the obvi-
ous, However, the results of small-arms firing tests against the tank-
mounted searchlight’ seem to have been overgeneralized, and have
created consideraniz doubt about the vffectiveness of any fire agaiust
the light and the carrier tank. The esults of this study should serve

' to dispel such doubts,

e, B B M R

It should be noted that only level terraln would permit target illumization by a moving
cartier taak,
'References §, 6, and 8.
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lable it

PANLE OF HIEORE 1AL HEE Pronsd b
RETHE MORE THAN EAL E\NA

Lisven thens theatetinal L Theoe will be the Mt panbehiities bo
MU jenhalilities ] ' ¥
ket vave tank: ‘ 2 ranka 1 1anla K { tanie % tanie

SRR S U | - ¥
05 A0 A 1 .
10 A9 by n i
15 24 1 4 kg
N " 7] K 6?
0 4 58 OR vh
W R1 b6 76 A3
5 4 k] A2 B4
n Ky 38 a7 92
G 0 5 9N 95
% an .48 K2 97
( " 91 96 o4
(‘) l“‘ ‘9‘ .97 'w
65 .48 96 4 1.00
0 9 97 K 1.00
v 94 ] 1.00 1.00
Ly 96 99 1.00 1,00
a3 K. 1.00 1.00 1.00
0 99 1.00 1.00 1.00
25 1.00 1.00 1.00 1.00

The implications of the {indings with res= .t to the employment of
the tank-mounted searchlight may be stated as folluws: In situations in
which the searchlight {sto provide illuminationfor deliveringaimed fire
from the main gun against enemy armor, the light should not be turned
on foraalong a period as it takes enemy ianks to open {ire. Each of our
tank platoons is suthorized two searchlights; hence, the lights should be
turned on in succession to {lluminate the same target area, leaving each
light on for a period slightly shorter than that required by enemy tanks
to open fire. Euch carrier tank should be moved immediately after turn-
ing off {ts light, This procedure will provide illumination of the target
area for a period twice aslong as that during which eachcarrier tank is
a target for enemy fire. This period {s probably long enough to e¢nable
each non-carrier tank to fire at least one round at the enemy,

It a period of 28 seconds is accepted as being just short of that
required for the enemy to get the first round cff, then the auggeasted
scarchlight procedure would result In target illumination for about
50 seconds, This {s stilla relatively short time for{finding and engaging
an enamy target. Coordinated action between the carrier tanks and the
firing tanks therefore becomes all-important, Platoon training for night
combat should emphasize this kind of coordination.

The finding that even experienced tank commanders improved their
performance suggests that firing against cearchlightsis a unique gurnery
task which requires practice in addition to that afforded by conventional
gunnery exercises,
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Appendix A (U)

RANGES SET OR INDEXED DURING THE 1,500-YARD FIR«N4

Table A.)

RANGE SETTINGS MADE DURING FIRST HALF OF
SHOT GROUPS FIRED AT 1,500 YARDS

Nember of Shot Crosp® R!I&c‘fz‘l;“l‘ Nunber of Shot Grosp Rn(a;j;:;“&
3 1,540 13 1,540
4 1700 14 1.590
7 1,230 18 1,495
8 1,100 16 1,850
9 1,480 Y 1,550
1 1,550 21 1,480
12 1,150 2 1,570

:Skol Growpa 1, 2, 5, 6, 19, 20, 23, and 24 were lited at 800 yatda,
Thin diatribution of tange acttingn han o mean of 1,505 and a atendard deviation of 171,

Table A2

RANGES INDEXED FOR SECOND HAL. OF
SHOT GROUPS FIRED AT 1,500 YARDS

]
Nomber of Shot Group® a"(‘;.:::;“d Number of Shot Genr R“(‘Y'.:;f;"d
n 1,530 n 1,820
28 1,530 38 1,820
k} 1,400 39 1,470
32 1,470 40 1,400
33 1,680 1 1,600
34 1,680 42 1,600
35 1,180 45 1,320
36 1,180 46 1,320

;ssolcroup- 25, 26, 29, 30, 43, 44, 47, and 48 were [ired at 800 yards.
This distribution of ranges lndexed has a mean of 1,500 aad a ntandard deviation of 191.
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Appendix B {(C)

JUMMARY OF TARGET! DATA

Table 1.1

CENTERS OF IMPACT FOR FIRNT ROUNDS AND FOR
CUMULATIVE ROUNDS

il
Geater of lmpast®
Fuiag Paviion Firnt Rounds L Cumulative Rouads
b Y . o \ B . - b}
- e« —— wdh U — 1 - ————
At BOO Yurds
In Beam Center M -29 40 -14
Out of eam 56 =68 A5 =35
Mean 50 -.48 8 D)
At 1,500 Yands
In Beam Center 5 =32 16 - 16
Out of Beam R .05 X k]
Mean 50 =14 a2 .08

“A plus X valoe meann right of target centér, @ mlnun X value means lefis A plus ¥ value
means over targel; 2 minus Y value means ahort of target.

Table B-2

HORIZONTAL AND VERTICAL DISPERSIONS FOR
FIRST ROUNDS AND FOR CUMULATIVE. ROUNDS
{Standard deviations in mils)

Disperalon
Fitiag Poaition First Rounds Camslative Rosuda
r—llwlxonhl Yertlcal Hoelzontal Vetvica)
At 800 Yards '
In Beam Center A9 .68 65 1.14
Out of Beam A3 22 46 .62
Mean A6 A4S 56 .88
At 1,500 Yards
In Beam Center i 1.2§ 50 93
Out of Beam A7 1.50 45 1.04
Vean 61 1.38 48 98
CONFIDENTIAL %
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Hu=RRO Technical Report 56, The Effestiveness of Tank Oun Fire
Againat the 18-Inch Searc t ,

1. On page 1ii, Swsmary and Recomsendationa, under the heading
"wsesrch Hathod" (U], in 1ine L of the paragraph titled "Subjacta®, the
word "Infantry® should read "Individual,.”

2. W¥e would appreciate your making this correotion in your copy of
the subjeot report.
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