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FOREWORD

This report presents the current status of a proposed program ~-~r
- training the use of infantry weapons in an air defense role. Conclusions

from several studies and tests have resulted in the present reccinjnenda-
tions for a scaled-down training environment. I -

Individuals frcm both HumRRO Division No. 5 (Air Defense) and the
U.S. Army Infantry School have been actively concerned with this work.
From HuinRRO, suggestions and solutions to questions have come from
Dr. Robert D. Baldwin, Mr. Walter E. Burrell, Mr. Richard C. Montgomery,
and Sp/Zi. Stanley A. Sliko, Jr. The primary contributors to this recent
work from the Infant ry School are CPT Charles E. Newbern and UT Michael

L. 0. O~Ne 1].].. The work has been and vii]. continue to be carried out at
— both Fort Bliss, Texas, and Fort Benning, Georgia.
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Requirement

At the request of the U.S. Army Infantry School , HuxnRRO conduct~4 a
study of’ the use of organic infantry weapons in an air defense role,—’
This study resulted in recommendations for an interim training program
for the use of small arms in an air defense roie .~J A proposed program
of instruct ion on “The Engagement of Aerial Targets ” has been prepared by
the U.S. Army Infantry School (USAIS) in Army Subject Schedule format and
will be referenced in the revised FM 23-12 if This program of instruction
includes practical exercise on a miniaturized range ~nd incqrporates the
range estimation and lead training demonstrated by HurnRRO.~ /

The U if S. Army Infantry School has requested additional assistance in
the developnent and testing of an adequate miniature range to be used for
training the skills necessary to engage aerial targets. It will be neces-
sary to train up to 200 men on this range during one training period . It
was specified that, if at all possible, all aspects of the training program
should be conducted on a miniaturized range.

This Consulting Report describes the necessary elements of a training
program to be conducted in a scaled-down environment and the brief tests - - 

-

which are needed to evaluate a miniaturized range and to determine the
length of training necessary to achieve minimal proficiency.

Assumptions and Conditions

The following informat ion is the basis for the developuent of a
training program in a scaled-down environment for the engagement of
aerial targets by Infantry personnel:

1. Tactical Conditions.

a. Units will engage any aircraft committing a hostile act and
helicopters or light aircraft positively identif ied as hostile, unless
the commander has imposed passive air defense measures (concealment ) to
prevent disclosure of positions .

21 Letter, AJIIS-D, Hq, USAIS, dated 13 July 1965, Subject: Develop-
ment of Techniques and Training Re quirements for Use of Organic Infantry
Weapons in an Air Defense Role.

Interim Recommendations for a Small Arms Air Defense Training —

Program, Consulting Report , HwnRRO Division No. 5 (Air Defense), Fort
Bliss, Texas, December 1965.
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b. The 7.62mm weapons are of primary interest at this time,
although the skills for the 5 i f  56mm and .50 caliber weapons could also be
taught in a very similar, if not the same, scaled-down environment.

c. The effective range of the 7.62mm weapons against aerial
targets is 350 meters.

d. The Changing Lead Technique of fire will be used against
aircraft up to 200 knots, and the Pattern of Fire Technique vii]. be used
against aircraft at speeds over 200 knots.

2. Training Conditions

a. The training environment will be scaled down, retaining the
essential ~*iysica]. relationships without altering the psychological
relationships.

b. Anti-aircraft marksmanship training will be given after
basic weapons qualification training.

c. All essential skills necessary for the engagement of aerial
targets are to be taught in a scaled-down environment.

Approach

Engagement of aerial targets is a task that is composed of several
component skills which have been identified in a psychological analysis
of the complete task. The component skills will be taught in a scaled -
down training environment in a step-wise manner, with the last ~~ ase
combining all, component skills of the task.

USCONARC wants information concerning the specifications and material
for a tested miniature range if Therefore, the following program has been
recommended in order to provide this informat ion.

1. Design of a scaled-down range.

2. Construction of this range at Fort Benning, Georgiaif

3. Training of a 20-man group on the scaled-down range .

Li, Validation of the training pr ogram given on the scaled-down
range by conducting live firing at towed aerial targets. - 

-

The time frame necessary to complete the above program is approximately
four months, with the training and live firing programmed for 1 February
1967.

‘I.
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Ht~~ 1~c w ii c end net  sev t - ral t t’s t t U - i’m I n~ - t he it- : ~ th t t im~ -necessary t e ~h -ve  I ep pr~- : ’ ett ney In he c¼1:: !-~-n er~t skis is in add it Ion to - J
nt’ormat ion o be us ed ~~ gu idel iiie r t he t -ai :  in~ :- - 

~~~~~~ .

Cc: :~ent ~kt i ls

As de t er : i : a d  ‘~-r ~-~ -~; i ’  , the  r - ~iu Ired sic I is ne~’~ -a:~ 0 5u- ce55t ~i Ij \
engage a mL’-v ing aerial i~~et  w th a - in t ’axit i’y ‘~-.-~-ap~

1. Range e s t I mat  en

2. I~~ I~i Os t~ :a ’ ion .

3. Manual t r n ~’1cing .

~~~. Weapon operat n.

It was dot cm m e d  that r~tn~~e estimation and it-nd t raek :~~ ar~ th ~
sk~ u s  t hat should l~e t res sed dur tug t r a in  i

~~ I’rcbicm .-~t’ N :-~ia~ ur 1za~ on

fl ~~~~~~~~~~~~~~~ 1mg d isL’uss ton ris i ders a ~; L icd—dewn r~u~ge , \~~ ~~
a m~’~ in~ aerial target range, having d Lmt ’us ions e ons ierabl~\ less
than t h o se et’ the real world , but ~r ca t  er ~n hcsc et ’ :~ n int nrc er
shoot ing galle ry range . The range is an out door ~u t  t fac I i  y tor

u’:ie ~eioe~~ty ~~ r r~~1J. c Sif

The eouc’opt underly ing the use of a aicd r : ’- ~ - - c v~-ive the itdue —
tion of the size of  the real—world target s it  u~ct on t’er cc eneu~v ~c~ i
considerations. However. ccv t a in import w~t asi~’~’ t s 

of  ncr I al t ’ I re ~us
be retained so that the ft rer will r c c c  I y e  val ’d raining with relat  I on—
ship to real—world parame t crc while t’lri ng in a luced —won d it  nat i on
The two most Important parameters to be retained from the fu l l -s Ize  t arget
situation are the angular t ~u~~e t v e 1O~’ t y w i t  ~ me spec t to t he 1’ 1 rem and
the number of t -z rget - —len gt -h s  lead appropr ate for each value ci’ angular
velocity.

F The following target situation Is assumed: An n t ror af t -  fl,v t ug along
a horizontal s t r a igh t—l ine  flight path past the firer. The project ton 01’
the flight path on the ground is at some value of crossing range from the
firer ’s position. The plane flies at a constan t velocity. It will he
shown that for a g i v e n  air rifle wenpon there seems to be one size ot ’
sealed range that best represents the full-size angular velocIty t o  tar-
get lead relationship.
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1.. A }~a:; is fur  t h e  1~evt lopuent 1’ the Range.

a. The fofl~ w ing  m azhemat io  ana1o~~’ ind icates  an appr -neh to
the development -_ t a ‘ai d-dow n range . Any h - g inn ing  algebra cuurs
Includes a ~1 LSc U SS I L n  CI r at  lo and proport i on bused on 1 he t iicw I :~~ ‘

relationship:

A1 }~ B~
-

~~

-- 
~~~~~ 

A1 ~~r A

The fo l lowing  d c f I n l  Ic ns w 11 l-~ applied to I ~n - values in the equat i en
above:

(1) B = information concorning air r i f le  ballistics.
(2 ) B~ = 1:iforn ~ t I o n  concerning 7 .t~tThun ballistics.
( 3 )  A~ = real-world linear dimensions .
(-i ) A~ = scaled-dow n linear dimensions

h . The value ~-f B /B may be considered t o  be a scale factor
that relates the scaled world ~ c the real wor ld if  Corresponding items of
informat i on conc’erning air rifle and 7.62mm ha.llist ics aa-e compared below
in order to arrive a’. a vaj ue f L r  t h e  scale factor , B1/B2 . The first
Items to c~~npare will  be the muz zle  vel oc i t i e s .

Muzz l e  Velocity (Ft ./ Sec .) Ratio (B1/B2)

BB Air Rifle 300 
67.62mm N-l~ .~,750 1 9.1

c.  Assumi ng a scale factor ut ’ one-ninth, some hallistie
properties are compared based on an air rifle to t arget range of 100 ft.
and a 7.62mm range ci’ ~)00 ft.

BB 7.62mm B1/B2

Slant Range 1 
(Feet) 100 900 1/-)

Projecti],e V:locity (Ft./Sec.) 228 2l~~ 1/9.33

Time of Flight (Sec.) .3~ .37 1/1.03

The values of B /B shown above show that the quanti t ies involving a
length such as ~‘ee~ and ft./sec. are scaled roughly by the same factor
as the muzzle velocities, one-ninth, while the time of fli~~it of the BB
in the scaled world is within  three percent of that of the 7.62mm round
in the corresponding full-size situation. It may be shown that the angu-
lar velocity of the target on the sealed range will be the same as the

—_ - — ~~~~~~~~~~~ _ S  ~~ •~~~~~~ if_5_ _~ - - - -~~ ~~~,_ — - :~~~_ . .  ~~~~
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n- . - - ja r  ve loc i ty  of th e ful l— size t are ’ - . :iu - e  t~~ - i roie -~’ti1e ‘ S ‘ ci ’
f l igh t is essen t ially the 5~Lmt - in 1 . 1  ii :u-~- - t  s i tun ~ i~ us , h~ requl rt- d
l’-ad t -x I - r ’  ssed In t:u’~ - - 1t’~~’1i:c , or as anet ie  f- - i’ t hit t - a ’  t -  r .  w i l l be

it same in he s.- .. s nations • I sh:~ si-i  h - psI t d ut that ‘. ne max i —

mum ~-~- i  : - a t - - ci’ t h e  i’u ,l c c t  em doe s not scale icy ont- — u i:ith . so t h a t  ‘he
a ir  r i f it  r t h ires mL i’ - super- l t-vut  Ion i a : . does the 7.65 ’:umt: - a: -n

d. Exa~iplc : Using a h y p e t h e t  t eal t a r e t ’t situa~ ion , t he

f t i  lowing numbers w til result • A gun: c r f i  m~es at us at - :’ ial t are- at a
s lant  :‘:t T ~- of 900 f t  . (. ‘I . meters ) w i t h  ‘ h- prepe r l - a d  t o  hi t thL - 0’ - -

a’. S c r c s s L -v c r  p0 icc . The alt tide need no t. ice c- . us i d c r ~-d , but the
iu~~t - t  speed 1’~ O ‘~~i. ( i~X~ ft  ./sec . ) . The iu’~~t -t leng th Is .5 ft  . Th~b~ llt~t ‘s time of i’ l .gh i t  is .~~~~~‘ S ec . ,  t h ~ re f5 -re . t i le  lead is  f i ’ui ’~ :u-

:‘o~ lows:

I~I uu’ Lead = .~~~~~
‘ x i~t~ 3:.8 :“ .

= 37.b/ 14 5 = . 1:u’~~ - Len gth s

At c ros s over th - t urge I w - - d have a: - angular veloci ty - 1’

V ~~w = = —~ --~~--. if 113 rad:aiis/ sec .
- 0

= r . 5 /see.

Looking at th e  cu e— n in th  s- ’al e s i t  ma: I- -n ,  the follow ing values are I ’ound:

Slant ~~~e l~ C f t .
:‘ar-~et Spo e~t ii~~~. p ’ m ’.Th (11.3 :‘t ./ s c c .)
Targe t L e n o t i m  5 f t .
BB Time of Flicht .3~ sec .
Linear Lead = . 3 H  x 11.3 = ~ .3 f t .  = . i~6 Target LL

A ular Velocity w = •
~~~~~

-
~~~~ 

= .113 :‘ad./ sec . = 6.u ° sec

e. 21s- r e sul ts  Indicate th a t  the BB ~un range gives t h i o  same
values of angular ve locity and re~ ui~’ed lead as the real sit m at  i t -n. The
BB gun ballistics wi ll  not  N’ exact ly  one—ninth  those  of the h -o,~m:::
throughout  the weapon ’s cut ire useable r~u i ft - . but one—n i : it  h i i s  a reali st Ic
scale factci’ value for this particular weapon .

f .  Cam the Range Be Sealed tlown Even Further?

a. A one-ninth scale range is st ill rather large , and a smaller
range would be much more desirable fran the  standpo :ut of space and cost.
l imitations . Retaining the same t r a i ni n g  weapon , a ~~~ ft ~ / s ec .  TflU ,Z10
velocity air gun . and us ing  a new scale factor , one-twentieth. t h e
f ollowing si tu a t  Ion will result :

_ _ _  
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Slant Range = ~5 ft.

Target Speed = 7.5 mph (5.1 ft./ sec.)

Target Length = 2.25 ft.

BB Time of Flight (Ii’5 ft.) .16 sec.
Linear Lead = .16 x 5.1 = .816 = .363 Target Lengths

if 5.1 - o ,Angular Velocity = —~~~~~ = .113 = o.5 /sec .

b. The angular ve locity of the scaled target is the same as
that for the full-size target and will always be the same , no matter ‘what
the scale factor , but now a .363 length lead is required instead of the
.81~’ length lead required to hit the real aircraft .

The above discussion means that to realistically train people to get
a feel for the proper magnitude of lead required for a given velocity tar-
get , a target range scaled to the ballistics of the appropriate weapon
must be used. People can be trained to lead a target by .8~i. lengths on a

F one-twentieth scale range, but the target ’s angular velocity will have to
be greater than the 6.5°/sec . value In the full-size situation. In order
to train people realistically on a small range with a scale factor less
than one-ninth , a training weapon with a muzzle velocity less than 300 ft./sec .
will be needed. This is about the lowest muzzle velocity that is avail-
able in a commercially-made air rifle .

After looking at the problem a while, it may be decided to ignore
the angular velocity and the training weapon ballistic relat ionship.
Instead, a one-fiftieth scale m ight be selected and a 575 ft./sec. muzzle
velocity, semi-autcviatic, carbon dic~cide pellet rifle might be used to
give a small range size and a more accurate weapon. Target speeds could
be calculated for the pellet rifle ’s ballistics so that one, two, or any
number of target lengths lead would be required, but it should not be
thought that the target’s speed or angular velocity with respect to the
tracker-firer bears a realistic relationship to the real-world situation .

A solution to the problem is to pick an ideal weapon that realls-
tically simulates the most important characteristics of standard service
weapons and then to build an aerial target range scaled such that the - - 

-

projectile ’s time of fl ight to various distances will be the same as to .1
the corresponding full-size distance. The follow ing section contains a
discussion of some low-veloc ity weapons that might be considered for
training weapons .

8
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14 if Pellet:: t m : .  hil ’ s. Ilot h lypo s of ammutult iou havc h i t  I i  a l I t - m i m i ’ : t ,- - -
~

tU iti ci Isad vantages ~~0.~ t t 1  I m i ’ , ‘i t ot  I i  0_i’m I m m  I ’ll 5 , w i t  hi  BB ’ :: I t  i i - cheapt -mu
( i~~. c u c mO t ’ct l ’  iJt~~.~~i l ). The p t - I  l e t  113 l c l ’ O I I m t t I i m  luau ~ t I - ‘mmd i y more i’ -al I s l i t ’
I ! m m m m i  I - I t t ’ h i l t  w hm ’r - m m m :  I t t  - - lilt Is  , s i i m m  1 1 tiumu ehi t ’m m: ;  I e m ’  m i t  ~h I’aat or I - l oad
li t t if t t l t i  W~~~L j ~~’ l t  t -htti i t - l i c ’ ( ‘t ’ilt t , t i f / t i  [ cli uni t, u~ m u m m l  l ,v ho ~ ‘, ‘t u l t ’ tj h i t! i v  - i u : : m l  l ,v
cui d o t ’ h t -: mt  I ’l l In a gt v ~’ m m  t l t  i ’, -~ ’t I - m i  so t h t t t  I t  I’m t ’t t , - ’, - - r m - if ~‘t l y , N -  m i m i 4 I t I ’
t~I m c i t  typ e  oh thlfltflUul t t I o m i  I s  mim ~ect , It : : In ’i i l  1 m l t t if i m L I t t V  h if c SI ’!’ ing— fed m u t t  l i t  ~
t ho.r t u -:m’av [ t v — t e d  so t l imi t mm :d ic t I S  : t : m m : i m i ’ c~~I e mt - ’lt 1 1mm ’ I he t - I ggem’ is
p u l l e d  . A pm 5 1 it’ I r i f I t ’ m u s m u m i  I v  l i t i : ;  m m  ri t ’It ’d I - a t m ’  - I a - l i  i - ‘I i  gives moi’ t

m t ’ c u t u ’ t t t  0 t I m ’  t l i a : m  I t ic  m u t i r  1 i t t  II li lt g m u i u •

5. 1 f l i t  S • I~vem t ii’ mm w ( ’m m t f s if mi  ili ’, ’~ m i t ~’t I - c l  and m u i r  11 f X i i i f ’l i ,’~’ 11km ’
I n -  i’t ’~u,2. I I t  I m i 1 -: , It s h i t ’ m z l  II I i :mt - ~- I l i i ’ m m m l i i i ’ ’ L~~l m I p I - ‘ t u t u  an a 7’ t -

~ t nert ’i Oc ’ 
—

\sS i i l i f S i l , eupc~’~’ l eti I ,’, i t ’  some som ’t  of ’ i f ( ’ I i i l i i j ,  1 ’ : t l t I - : -  es timat ion is t o  be
ntadt -’ using th e  f in  a it  m ;I  g! i t

t~ . Ht’~’o 1 .1 . IL imi mty be i m m i p o t ’ t  ~u m I  t o  m m i t : m t i i  m m t  t - I l i i ’  t ’ c 1 ¼  I I  that is
i m m v o i v t ’d in t ’im ’ing m m real weapon . l~t ’ ’~’ I  I fr om s u u t ’c ’t ’613it- c ’ m ; I i c ’ t t ;  j ’ i m m 1\ : ;  aim
Import -an t- part in t -i ’aclcl ng a moving t am’fc ’t and 1 m m: i i -:i i t tn  - au mmd y am t mm ~--
t o  ~ I m m i m u l a t  o its eI’ I’e et  m u a l m a ’ .

I
i

& s c r  Lp t .  j o l t  ct ’ i’i’:m m i m im - -~ immi muid  : o m m I t s d — I ~~’ wmm I0U14~f -

1_ if Progm’i un P h ’ t ’ t ’I d m l t ’ m, The I m um i i i  I m m ~~ i’~’ t~~m ’~umi l imu: ;  t t t ’t ’ i u  t t t ’ t k c ti ~I o’,~m m
into dlsei’t to mu I c ’p m ; t o assure m i t - I  m m I m u t a n t  of ’ pt’oE’ I~ ’ I f t t t ’,V out ou ch t ’cviporueru t

i l l  mm:: f ’~t i~l ~I W m :

mm .  A l o o t  mi mu -  pei’icxi dur ing which I I n -  o m i t  I m n I t m m m k  t I ’ engaging
mov i m i f  mL& t~ l u i ,l I m i , t ’f O t i” 1:; ii i m S ’ l l m m L i e S I if

‘1’ . R m tt :~ c ’ C :; t I ni~~I I I ’ll l i t : :  t t ’ tmt ’ I I ot t  (iJimi j t mume I - l ee ,

• e • J t ’umd i ’s t- I nia t  I ou t  I mum: t - t ’ t i i f ’ 1 m~~t m i  1111111 I f t ’ m t i f ’ I i c c ’ .

d. 11mmad m ’st - l inat lo i i  ni-id t - u ’ mu ’h i t t i -~ ( % t ’ ~it ’ I i~’m ’ w i t  Ii t’am h i  It u’i ea t  lou
1’ i m ’ i h f  ot ’ a st u b — t a i l  i l ’ i u ’  Wc 5 m q ~e m i .

I - t m m c m ~~- muic - t i I  of mov ing cl ot’ iftI t argot , w i u l e l i  ~‘omi~ (lie :: m m l i
if ’ t f t m u l n l m m t ’ , m t .  uk tim if

I Cr it  h int ’ ot ’ t ’l I mug m e n u :  i l - a .

g. Rev iew of alrcrai ’t re~’ ogmi I tion I t am i thug .

The above ut~v c ’ m u  steps wil l  it t ’ accomplished ott  a rm tl t t t ’m ’tl — m i O t t i  I ’ r m i t i f m ’

represented in I - It t ’ bl ock diagram (coo FI gmu’m’ i) .
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2. Range Estimation Training• During the  initial instruct ion period
- ‘ - it will be pointed out that to make maximum US- :  ui am mun i t ion , tia~: targe t

should be fired upon only while I t  is wi th in  the effective rwtgt  of the
weapon (350 meters for 7.62mm weapons). This determination requ i res the
gunner to estimate the range ui the target if Simple rules will be provi ded
to assist the trainee in estimating range.

At Station No. 2 In the block diagram, the trainees will practice
using the rules for estimating 350 meters . Both the r i f le  sight and
index finger (which may be more appropriat e for use by machine gunners)
method s of estimati ng range will be taught. Figure A-i of Appendix A
illustrates the correct relationship between the range estimation aid and
the target at a range of 350 meters . The target will consist of a rep re -
sentative aircraft scaled to approximately 1/72 of actual size. The
training device ‘will be so constructed that the instructor can move the
target “in” and “out ” , stopping it when the trainee indicates it is at
the correct range (see Figure A-2, Appendix A) .

Each trainee will use a service rifle during the training trials
employing the rifle sight.

The number of trials necessary for the trainee to learn the correct
relationship between the target and the range estimation aid (either
rifle sight or index finger) will be determined by H umRRO in a series of
tests to be conducted at Fort Bliss , Texas .

3. Lead Estimation Training. In order to hit a moving aerial
target, the rifleman must determine the correct aim point somewhere in
front of the aircraft . It is a difficult task to locate this aim point
in space with the few reference points that are available in the Sky if
The aircraft itself is the best re ference available , and the apparent
aircraft length is the best reference scale available.

Because of the dynamic nature of the geometric relationships charac-
t . teristic of anti-aircraft firing, the correct lead changes continuously.

However, the training problem can be reduced by teaching two or three
different leads which are appropriate for a wide range of aircraft speeds

Li (up to 200 knots), crossing ranges (out to 300 meters), and altitudes (up
to 300 feet).  When target speed exceeds 200 knots, the Pattern of Fire
Technique must ‘be used. Both the Changing Le ad and Pattern of Fire
Techniques ‘will be explained during training, in addition to the  lead

- - estimation practice.

The concept of lead will be explained during the initial period of
instruction. At Station No. 3 in the block diagram, the trainees will
receive practice in estimating various leads using the apparent aircraft
length as a scale . Scaled-down two-dimensional aircraft diagrams will be

13
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used as target- s if The I r mm I l1c~ i~ will  14 1 old I -u t- ~~t - L m mmmm t a it -ad in a i r cr a ft
leng ths , w hich he will do by ~ ‘c5 I t .  - - m m I ng h i mm weapon so that I t  pu i ruts  at
what he estimat es to b.- ’ I h i -  t’’ct’i ’ ’ t ’t aim point .  (The wt - i t l t O m u  w ill ~~ piacud
in a cradle—like I -mci dt ’r pivot ~-d i~c - t i t - c i t h i  the  n ’~ 11’ l’u I L ) A rt mml u’ i ’ r m t t ’t s 1 —

houett e will be raised by the i ri m ; I - run ’  I. or 1 o m d  i t ’at t - the ‘om’ri 0 1’ :mt l
point . The t rat ta - c will th in s be able t o imrnt ’d I m i t  i - i  y O u t  ck h i is t -~~t m a t  -

Fj~ um’t A— 3 ‘ci’ AppendLx A is  ant illus I -r at  ion of t h i  m m t i t  V let

L~. Familiar i~ ation Firing . Prior to f i u ’ i m u g  at t h e  mm tov i ng  ~m mr 1 ’~ - t  ‘cut
the scaled-down range the trainee should have familiarizat ion f i r i ng  w i t h :
the sub-caliber weapon to be used . (The mos t i’ctiiI i ly available sub-
caliber weapon is a BB gun with a rtuuzzle velocity around 3CmO f t ./ ~~ec.
Figure A-~ of Appendix A shows a sample training weapon wi th  and without
the M-l1~ s ight .)  At Station N i f  ~ the trainee will 1’e g i v t ’ m i an oppor tun i ty
to become familiar with the operat ion of t ime training weapon l’e f ore he is
required to fire at a itu ovi ti g tal get- if A half-man silhouette will Fe mu sed
as a target , constructed ‘ci’ a material that will provid e auditory feedbac k
concerning hits.

5. Lead Tracking and Firing. After the trainee has become f a miliar
with the training weapon, he will move into the next training step, which
combines lead estimation atid tracking with weapon operation. At stat ion
No. 5 the trainee will lead and fire at a slow-movi mig target.

A model or two-dimensional cut-out of an aircraft will be suspended
from a sloping line and weighted so that it moves dow n the h u e .  Th~
correct aim point wil l  be marked for various aircraft length leads similar
to F igure A-5 in Appendix A. The trainee will be re quired to a i m  at,
track , and fire at the moving aim point , while keeping the ta~get ~t u v i e w i f
The relationships of speed , distance , and size will be such that a
correctly aimed shot would hit the target and the sound of the hit  could
be heard by t h e  trainee.

During this training cx orc i s o  a “coach-pupil ” arrangement should be
used to insure I — hat the trainee (pupil) aims correctly arid continuously
tracks the aim point while firing.

6. Firing on the Scaled-Down Ra~~e. Each trainee will he re quired
to combine the component sk ills lie has learned i m u t - o  the task of engaging
moving aerial targets on the scaled-down firing range . Again , a coach-
pupil training arrange n~ nt will be USe dif Each trainee will fire a
specified number of rounds , which will be determined by HumRRO , dur ing
practice and the n fire for record . Practice and record firing will he
acc omplished in groups of five trainees, ‘which w ill he uiecessary in order - 

-
to later train up to 200 men during one training i~~m’iod . Firing results
will be recorded as team scores.

I 
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The scaled—dow n f i r Ing  I ’atigu w i l l  c ’ t m ls ist - ci’ mm q uar t  n ’ — n ul  it-
track with two strai gh t side s ci’ appn’- ’x I ;‘:at ‘

if ly 100 mcI ‘ : -  L m t ’ h i  if ihi
curves will be banked i’d ’ mm not or v ’h m Ic ic - t m ’ave I ii ig uu ~’ t t ’  30—3~ ap i :
t o  four firing 11 ries , with  t ’i Vt ’ ~~‘c5 i t  1 ~m m each. coal d 1’~ I ~‘t ’&t t ti m u u ’ ~ ‘1
the inside of the trac1~ • w i tIm 1’ 1 ri rig ~h 1st ~U ic ‘s :dt - ’r~’ d u. m i eo t  m ; s ;L r ~

At the present time it  dot ’s not - appe ar t hat t hit ’ use of t h u r e c. -
dimensional targets will  be uuc. ’ t ’t ’s smmry  for  I r a i n in g ;  t i n - r e  fort - , w e —
dimensional print ed t mu’ge I w 11.1 )ce used scaled t c.’ et a -  — - - nt .h actual m m ,z e.
four to five feet in length if 

- 
-

Method s of moving the targe t hav e l’ecut st mud i ccl at ler:gt Ii . wi t  t Ia
initial conclusion bein g that a target—holding device be I’ll ted int o the
rear of a jeep ( see Figure A-6 , App endix A ) .  This device could 1”- held
in place by sandbags and would carry the t arget. l~ -i5 feet ;mb t ’vc t h e
jeep. The holding device woul d be so c.’onmmt,i’u ctc -d to facIli~ at  c~~l I c ;-~ and
easy chan ge of targets. The j eep could be pr ot ect ed front poss ible ~i mumnu g ’
by the BB anirm unition with a shield of plywood or target cloth .

Validation of Reduced-Scale Range

The concept of miniaturized train lu -mg for small arms air de ft -us e linu s
yet to ‘be validated ; that is , it is not know n to what degre e’ t r a inI ~~- in
the miniature environment will transfe r t o  the operat i onal t ask of firing
at moving aerial targets with small arms . Therefore , t ime  proposed
traini ng progra m must be tested by having personne l t rai ned ott t h e
reduced-scale range fire at t owed aerial t uu’gots u s i n g  service w & i f l I x ’ t i a if

Live Firing Test. It is proposed that as socn as the range is
constructed a group of AlT personnel be given the training pm’ogrnnr. The
next day , using the M-ll+ i’ifhe . t i n t ’ trainees would I ’lre at a t ow ed a er ia l
target. Training score s will le  compared with the hi ~ t- t’i r ing scores t o
evaluate the transfe r of tr a in .iiig.

A second group (control group ) will also fire at t i m ’-’ towed t arget
and will receive brief verbal instructions conccrtm lug I-he eumgagem;;t’nt ‘ci~
moving aerial targets just prior to fir ing. Ti -me l ive fir ing scores for
the traini ng group will bc.’ compared to the scorc.’s for the cctttrc ’i group
in order to evaluate the effect ivene ss  of the training program . l’hie mmc ’
scores will also be compared w ith live firing results from prc.’v i om u s field
test s  for further evaluation of t he  training program.

The targets to be used for the live firing t i ’s ts ‘will ‘be t owed
sleeve-type targets. The Infantry School will ~1ct-orm1ne whe t her or not
the Army air cra±’t U—6A can be modified in time i’or the test to t ow the
targets. If this modification cannot be accomplished , the Navy should be

l~
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requested t c prov ith- to w suppor t lot  the i i i  ink , t t i f ~t if ri -mi~ IcI ’o pc~st -d T~ m t
leo ign Concept is c.t I s~’uissc.-d i mu Appendix P.

~~eh iminary Tests to be Conducted by HuniRRO

Before a complete’ t t’n i n i m i g  program can be prepared , several tests
must be conducted.  These t o o t s  w ill pr imar ily  provide informat i on nmt ’ ( ’es-
sary to determine the n umber 01’ t ra In ing t r ia ls  re quired l’c ’r a group of
trainees to rc.-ach a sp ec i f i e d  prot’icietucy level for each of t h i t ’ component
skills composing the task c’t’ engaging a moving aerial target.

1. Range Estimat ion. The training environment ‘will be scaled down
to 1/72 of the actual size. The . i m ms t - r u t , ’t Ion will concentrate on the
trainee learning the relationship between the target aircraft and t i m e
training aids at a range ot ’ 350 meters .

HumRRO will c onduct a study to determine the number of t raining
trials required for Army trainees to reach the specified criterion. The
criterion established on the basis of previous tests will be no more than
a 10% error of estimation for 90% of the trainees.

2. Lead Estimation Training. Us ing as a target a two-dimensional
figure of an aircraft reduced in size to one foot in length , the trainees
will be taught to use the apparent aircraft length to estimate various
leads. The minimum number of training trials to acquire this skill ‘will
be determined in a preliminary study at Fort Bliss.

3. Lead Tracking and Firing. Once time trainee has learned to
correctly estimate lead in a static situation, he must then transfe r this
skill to a moving target s i tua t ion .  During this training step, the
trainee will fire the training weapon at a slowly moving target. The aim
point for firing will be two apparent aircraft lengths in front of the
target , designated by a wire silhouette of an aircraft. The relationship
will be such that a hi t  on the target wil l  be obtained if the trainee
aims correctly and c~~tinuously tracks the aim point.

Both the training crit-erion and number of tra ining trials required
to reach this criterion will be determined in a study at Fort Bliss.

1~. Firing on the Scaled-Down Range. The final step of training
will require teams of trainees to combine all skills making up the task
of engaging a moving aerial target . Teams that fail to demonstrate the
specified proficiency level should be recycled through the training
program . This desired level of proficiency and the number of practice

- 
- 

rounds needed by the trainees to achieve this level will be determined
in preliminary f i r ing tests at Fort Bliss.
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INDEX FING ER - TARGET RElATIONSHIP
[ ( Index Finger Held at Arms Length.

Target at 350 ~4eters.)

____________________

[ Figure A-i Pif*Gi _ _ _ _

- - ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
—

Range Estimation Aids
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U Lead Training Device
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Photos of Training Weapon 
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BB Gun With and Without M-1~ Sight Attached U
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Appendix B

TEST DESIGN CONCEPT FOR LIVE FIRING VALIDATION
OF REDUCED-SCALE TRAINING PROGRAM

Subjects

Forty AlT or BIT personnel that have qualified with the M-]Ai rifle
will be needed , with qualification scores representat ive of the range of
scores above qualification. Personnel should have 20/20 vision, corrected.

Trainees will be randomly divided into two groups : An exper imental
training group and a control group.

Experimental Procedure

The training group will receive instruction and practice concerning
the component skills of the task of engagement of moving aerial targets
using the M-lIi~ rifle. This training program will be conducted on the
prototype scaled-down air defense train ing range .

At the end of training, the trainees will fire for record at the
scaled-down moving aerial target. Scores will be determined for teams of
five men firing at the same time • Each trainee will fire 100 rounds of
BB anmiunitlon .

The training program will be conducted by USAIS personnel with
assistance from HumRRO personnel.

Live Firing Test

The live firing test will be conducted on the same range that the
training program was administered on the da~r following training.

Five-man teams from each group will be randomly assigned to firing
orders . Each man vii]. fire 100 rounds of bail ammunition with the M-ll~’rifle. An aerial target vii]. be towed past the firing line several t imes
for each firing order. After each order has fired, the target will be
dropped and the hits counted. Scoring will be accomplished by a scaling
factor which indicates the relat ive size of the towed target compared
with an appropriate aircraft of actual size. Scores will be recorded as
percentage of hits obtained for rounds fired.

— 29
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The target will be towed at approximately 150 knots at~ a crossing
range of 100-200 meters and at altitudes between 100 and 200 ft t t . A
total of eight orders will f ire, requiring eight Sleeve targets.

Each of 40 men will fire 100 rounds of 7if 62 ball ammunition,
requiring a minimum of 4000 rounds of ammunition .

Stat ist ical Analyses

A ehi-square analysis will be used to compare the performance of 
if

the training group with that of the control group. The total number of
hits will be counted and compared with the total number fired.
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