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ABSTRACT

This report covers the development and operating procedures for a
computer operated automatic targeting device. The device consists of
(16) ballistic screens, (3) chronographs, a teletype, and a PDP 8/E
computer. The ballistic screens are ordered in parallel and present
a6 x 6 ft. area and 4 planes to the projectile. With these four
planes, the X and Y position and velocity of each round is obtained by
trigonometry. Further computer calculations obtain statistics on the
dispersion. The same statistics can be obtained for accuracy, if a
point of aim is input to the computer. Listing of the coordinates of
each round, in chronological order, can be obtained from any reference
point, the default point being the center of impact. A graphical plot
of the rounds may also be printed on the teletype. The high, low, and
average velocity may be output from the computer program, or each in-
dividual round may be obtained on command. Due to the 8K core computer
limitation, the present program will handle a maximum of 60 rounds per
burst. The program is written in Digital Equipment Corporation's (DEC)
FOCAL-8 language with PAL III assembly language overlay. This program
may be operated in automatic or interactive command mode.

This device was developed in support of the XM188/XM230 Data
Acquisition Test. As such, the system accuracy can only be stated
with respect to 30MM rounds. The round position for a 20 round burst

is within + 1/2 inch at 1,000 inches. This accuracy is stated at a
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50% confidence level. Erroneous ballistic screen outputs are usually
of large magnitude. The program will trap these errors and delete
the respective rounds from its computations. This input error is
dependent on ballistic screen adjustment and sensitivity; however,
under existing conditions this correctable error averages only 3 to 4

rounds per 300 rounds fired.
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I. OBJECTIVE

The objective of this effort was to reduce the time required in
determining accuracy and dispersion of automatic weapons during
engineering tests. The task was to be accomplished using as much ex-
isting equipment as possible and to computerize the process so that

tabular and graphical data would be available after each burst.



IT. GENERAL

A Digital Equipment Corporation PDP 8/E computer, 3 chronographs,
teletype (Figure 1), and 16 ballistic screens (Figure 2) were used to
accomplish the objective. A detailed list of equipment used is contained
in Appendix D. The PDP 8/E was selected because it was in inventory,
and relatively easy to interface. The velocity screens were chosen
over other methods because of existing ballistic screen technology.
The screens were arranged in a particular deometric pattern to enable
measurement of both velocities and dispersion of the rounds fired
from weapons being tested. The screens were positioned downrange from
the test weapon as shown in Figure 3. Computer printed circuit boards
were procured and modified to provide the capability desired. An ex-
ternal ballistic program (See Appendix A page A-15) was used to cal-
culate an effective muzzle velocity from the velocity received down-

range.



FIGURE 1. TELETYPE, COMPUTER, AND CHRONOGRAPHS
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ITI. PRINCIPLE OF OPERATION

The 16 ballistic screens were oriented as shown in Figures 2 and
3 forming 30-60-90 degree triangles and four planes. As the projec-
tiles decrease the Tight input to the 1ight sensing diodes (Oehler
model 55 ballistic screens), a 12v square wave with a rise time of
0.1 microsecond is produced. A1l four screens in one plane are con-
nected in parallel to provide one output per plane. Screen one (first
plane) starts all three chronographs and screens two, three, and four
(remaining planes) stop their respective chronographs (See Figure 4).

The interface between the chronographs and the computer works in
a hand-shake method. The chronographs sets a print 1ine when its
Binary Coded Decimal (BCD) data is stable telling the computer to
read the BCD data from its respective two input/output devices. The
computer then sends a read-down line signal to reset the chronograph.
Two one-shot devices were required on the interface boards per chrono-
graph to convert the normally high and low lines to pulses. A 112
nanosecond pulse was used for the print command and a 240 microsecond
pulse was used for the read-done command to double-safe possible
timing problems.

The computer continues in this method of dumping BCD cata into
core until a maximum of 60 rounds are fired or a programmable time
between rounds is exceeded. Either the number of rounds in the burst,

or an error message stating core has been exceeded, is then printed
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on the ASR (teletype). The assembly language program designated FN
performs this operation. N = FN(-L) is the form of this subroutine
where N is the number of rounds fired and L = 60, the maximum rounds
per burst in this configuration. With extended core, L may be in-
creased. Due to core limitation, only the BCD of the time and its
pointers are retained in the computer, other variables are calculated
each time they are used. To retrieve the BCD chronograph times in
FOCAL floating point (3 words per variable), the assembly language
subroutine FT/N,CR) is used where N is the round number and CR is the
chronograph rumber.

To calculate the displacement, first the computer calculates the
velocity for the respective round by V = D5/T3 (See Figure 4 for
symbols). The time to the first possible "Y" Tocation for this round
is YFT = D1/V, the time to the last possible "Y" location is VLT =
D2/V, using similar triangles the following proportionality holds:

Y : Has

(T1-YFT) : (YLT-YFT)



"TI |
|
T1 = chronograph
#1 time (also
P it e | s e | ~ see Figure 4)
|
H
! '
|
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e (T1-YFT)
(YLT-YFT) =

FIGURE 5. TIME/DISPLACEMENT RELATIONSHIP FOR "Y"

From the above, by substitution, the resulting equation for Y is
as follows:

Y = H{(D5-T1-D1.T3)+(D2.T3-D1.T3)}

The program may be operated either in automatic or command mode by
setting variable switch AZ = 101 or 0 respectively. The commands are
shown and explained in the command mode of the FOCAL program (See
Group 23, Appendix A, page A-5).

The major area of concern in this device is the character of the
signal between the ballistic screens and the chronographs (See

Appendix C). With the chronograph in start and stop mode instead of



common mode, the chronographs themselves act as one-shots. That is,
only the first start pulse of many is used while the respective chrono-
graph is stopped and only the first stop is used while the chronograph
is running. Therefore, many erroneous pulses noted in Appendix C are
eliminated by the chronograph counters. Sensitivity and pulse width
of the ballistic screens (Oehler Research) can be adjusted with two 25
turn potentiometers (i.e., two on each of the 16 screens). As can be
seen in Appendix C, the sensitivity adjustment is critical (See System
Accuracy, Section IV, for reasons). These ballistic screens are the
weakest 1ink in this system. With the 30MM, only 50,000 rounds were
fired before more than 8 of the screens required replacement or were
disconnected because of erroneous output (excessive pulses). This low
life and reliability can be explained by the excessive abuse the 30MM
round delivers in the confined ballistic screen location. Sonic shock,
floor vibration and expelled propellant and debris encountered were
reduced by additions to the set up shown in Figures 2 and 3. The 15
feet square firing bay does not allow firing shocks to dissipate as
rapidly as desired. The affect of these set up changes was noticeable
on ballistic screen reliability; however, their 1ife was still considered
marginal. These modifications consisted of sound insulating material
draped along the sides of the screens to break up shock waves bouncing
off the range walls. A plywood shield was placed between the weapon,

and the screens to break up the shock wave and reduce the propellant
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and debris flow through the screens. Finally, rubber and foam pads
were placed under the screens feet to reduce vibration transfer from
the floor to the screens.

The extended distance and angle limitations from the illuminiline
to the 1ight sensitive diodes were not covered in the manufacturer's
lTiterature and were considered major factors in screen life.

Even with all the problems encountered, the time saved in reducing
targets is well worth the effort. The time to set up, retrieve, and
reduce a 1" round color coded paper target to the statistics presented
by the computer is estimated to be 40 minutes and require 3 to 4
people. With the aid of a digitizing table and computer, this time is
reduced to approximately 20 minutes. With the Automatic Targeting
Device, this process takes less than 2 minutes and requires only one
person to accomplish the work. The time savings is, therefore, es-

timated at 2,000% or 20 times faster.
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IV. SYSTEM ACCURACY

A. FACTORS AFFECTING SYSTEM ERROR

PROGRAM PARAMETERS

D1, D2, and H are the programming parameters that affect the "Y"
coordinate calculations (See Figure 4) where:

H - height of the screen

D1 - top distance to "Y" detecting screen from start screen

D2 - bottom distance to "Y" screen from start screen.
The DEC PDP 8/E must have six M1703C input boards and FOCAL programming
available for the PDP 8/E in order to have the capability to work the
problem.

The three parameters (H, D1, and D2), therefore, establish the
effective angle the "Y" detecting screen is to the line of fire.

Increasing H will increase the extreme vertical spread evenly,
while increasing D1 will spread the upper half of the target area
rounds more than the Tower half and increasing D2 will spread the
Tower half more than the upper half. This is shown in Figure 6. D3,
D4, and W for "X" are similar to the "Y" parameters; however, an
error is introduced because D3 and D4 are larger than D1 and D2.
Since D3 and D4 are larger (3 millisecond at 2,200 feet/second), the
assumption of a straight Tine round path is more critical. On the
other hand, this is more than compensated by the increased time of

flight to screen 3.
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"Y' Screen Plane

Changing D1 will rotate "Y" screen plane about lower corner.

Changing H will rotate plane about the center.

Changing D2 will rotate plane about upper corner.

"X" plane is similar but with D3; D4; and W
Displacement instead of angles and trigonometry was used in order
to provide this increased flexability.

FIGURE 6. "Y" PARAMETERS SETUP
13



SENSITIVITY

Sensitivity can affect system error as shown by the following

example:
aD1 = 0", aD2 = 6", AH = 2", AEV = 1"@10"
ALL @ 1000" Range.
AD3 = 5", AD4 = 4", AW = 3", AEH = 1"@16"
EV = Extreme Vertical Spread EH = Extreme Horizontal Spread

YLT and YFT are microsecond times to Y = 0 inches and Y = 72 inches,
the minimum and maximum Y coordinates. They are calculated for each
round and are, therefore, a function of round velocity and parameters
D1 and D2. A one microsecond error in the chronograph can be resolved
into a 0.052 inch error in the "Y".

XLT and XFT are similar to the above, but over a 70.0 inch span
instead of a 72.0 inch span. A 1 microsecond error in time from the
first screen to the third screen can be resolved into a 0.047 inch
error, the percentage being 3 times lower.

A three or four word (12 bit) variable size had no appreciab e
effect.

BALLISTIC SCREEN

(Oehler Research Model 55) Quantity: 16 with 4 per stack.

Ballistic screens can affect system accuracy. The generated pulse,
per specification, is 12 volts for 2-8 milliseconds with a 0.1 micro-
second rise time and 0.1 millisecond fall time. Pulses are generated
by five light sensitive diodes observing a 60 watt lumiline. Sensi-
tivity is controlled by a 25 turn potentiometer. The highest number

of errors are produced by the ballistic screens. These errors are
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easily detected by the program and result in deletion of the entire
round. Some error causes are listed below:

1. Flash and other external lighting

2. Blast

3. Debris covering the plexiglass window

4. Dust accumulation on Tumiline

5. Vibration through floor

6. Shock waves directly from rounds and weapon, and reflected
from walls and floor.

7. 1Misalignment and vribration of sensor shading and aiming column.

The last plane of ballistic screens seems to be the most suscep-
table to failure, presumably caused by shock transfer.

COUNTER CHRONOGRAPH

The chronograph (E.C.I. Model 4604, quantity: 3) has a 1 megahertz
time base crystal with a 10 nanosecond error from -20°F to +130°F
after 30 minutes of warm-up time. Error from the chronograph is,
therefore, considered only a factor of readout, i.e., + 1 microsecond.

B. TOTAL SYSTEM ERROR

The total system error was established with the aid of a digit-
izing table having an absolute accuracy of measured distance equal to
+ 2.5 parts in 104 (e.g., + .00025 inch in 1 dinch), and paper targets
with colored round signatures collected directly behind the velocity
screens. The accuracy of this table output was, therefore, considered

only a function of its follower's position.
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For comparison, round displacement for both programs was taken from
the second round. For a 20 round burst the average "X" error was
-0.95 inch to +0.38 inch at a range of 1,000 inches. The maximum
variation for 20 rounds was +1.14 to =0.87 calibers for "X" and +.32
to -1.11 calibers for "Y".

The system error (for 20 rounds with 50% probability) can be
designated within + 1/2 inch from actual position at 1,000 inches.

This equates to 10 microseconds timing error.

See Appendix B for sample output.
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APPENDIX A
COMPUTER PROGRAMS
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The following program calculates the velocity, dispersion, and
accuracy from the respective three times for each round. Other
functions may be performed on command as noted in the command node
group 23. The language is Digital Eguipment Corporation's FOCAL.

Reference is given to Digital Equipment Corporation's "FOCAL-8
Programming Manual", No. DEC-08-AJAD-D, dated Januarv 1870.

A-2
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*23.18 I C(AA-QPXY)23.19,20.03
*23.19 I C(AA-0L)I23.2,20.06
#23.20 1 (AA-0101)23.2152.1
*¥23.21 I (AA-0S5) 23.22,28.01
#23.22 1 (AA-GPUYI23.23,24.2
%¥23.23 1 (RA-2AY23.2452.01
*¥23.24 1 (AA-0Q)23.25,24.1
*23.25 1 (AA-BDTI23.26,26.85
*23.26 T “Pl------- PRINT CHKOVOGHAPH TIMES', !
*23.30 °f "PAY------ PRINT X-Y COORDINATES’ !
*23.31 T "L N2,83--LIST KDS. N2 TO 3", !
*23.32 T "101-=-=--- RUN PROG. 1@l DESPERSION",!
#23.33 T "Y-==-==-= PRINT AVERAGE VELOCITY",!
*¥23.34 I VUPY----=--= PRINT ALL VELOCITIES",!
#¥23.0.5 T "DT Ni----DELETE TEST NO.'", !
%#23.36 T "RR=-===-- RESTORE ALL ROUNDS", !
*23.38 T "A-------- CALCULATE ACCURACY",!
*23.39 T "Rl-=------ RESTORE ALL TESTS",!

T

T

G

*24.11 S SVU=03D 2.12

*24012 F I=1,N;D 25.13D 25.113D 25.13

*24e 14 D 24.8;D 24.815D 24.32;6 24.85

24020 T "x%kPRINT ALL VELOCITIES#%% TES s 255K, !
*24.390 D 2.12 i

*246 40 T "EDe NOo VELOCITY (FTe/SECe)", ! :
*¥24.50 S SU=0

*24.69 F I=1,N30 25

*24.80 T !'s "AVERAGE VELOCITY ", %8.02,SU/N>" FOR '"5%35V¥," RDS.'",!
*¥24.81 T "HIGHEST VEL«",%8.02,L%X,!

*24.82 T "LOWEST VELe "5 %8.02,MX,!

%2435 T-11135G 23.01

* .

*25. 100 S I3=FTCINCI))»3)/1000000:S V=(D5/T3>)/12
*¥25.11 S SVU=SU+V

*25.12 T %3,1," s BB e WI25 Vs !

*25.13 S X=V;D 3;D 5

%¥25.14 R

E 3

2695 Cx*xkxDELETE ROUN D%

*26. 10 A %35N1

*¥26.16 F I=1,N3D 27

*26.183 G 23.91

*

*2T7e 05 I (NCIJX=-N1)27e45274152761

¥27 10 I C(I-N)2T7¢165272527.16

27«16 S NCIJX=NCI+1)3R

*27.20 S N=N-13H

*27.40 R

E 4

A-5



*28.01
*28 02
*28 « 33
*28 .04
*28 o (18
*28e 10
*28411
*28.12
¥28.15
*¥28.17
*28. 18
*28.19
*28 .20
*28 .25
*28. 30
*28 . 40

HT TR eSO S

P1=035 P2=0

V1,"TEST NO« *57Z3sK1, 0018, "
"P0RP00300311111111112822222222333333333344444444445555555555"
1" '";F L=1565T "0123456739"

]

13,1 -

Kk % PLOT X=Y*%*%

I=15D 12;T 15%2,FITR(FABS(Y))» #3535 X2=X3D 28.35D 28.4
111G 23.021

I=I-1;D 1255 Y1=FABS(Y)>3; S I=I+15D 125S Y@&= FABS(Y):S Xa=X
(FITR(Y1)-FITR(Y2))28.2,28.25,28.2
J=FITRCY1X+1L,FITRCY2)3T 1,%22,J5 #

#

K==1,FITR(X2)5T " "

ll+ ”"

*k@@cpepepPOePepAPARRARL
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The following subroutines are written in Digital Equipment Cor-
poration's PAL III assembly language and are overlays to and inter-
faces with FOCAL.

Subroutine XFILL fills core in field 1 with chronograph BCD data.

Subroutine XFT retrieves this data, converts the BCD to FOCAL
floating point variables and interfaces with FOCAL.

There are two sources of information which are helpful in setting
up programs. They are: "Focal, How to Write New Subroutines and Use

1

Internal Routines"’, and oveﬂays2 from the Bedford Computer System,

Inc. for the digitizing table.

1Doug Wrege, "Focal, How to Write New Subroutines and Use Internal
Routines", Engineering Experiment Station, Georgia Institute of
Technology, Atlanta, Georgia, circa 1970, 37 pp.

2Private communication from Bedford Computer System, Inc., 14616
Southland Lane, Rockville, Maryland 20850.
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BA HHAY
ABLOCKA
ACONVI
ACOUNT
AGET
ALIMI T
APOINT
AaxG
ARKRAY
ASTO
AXX 1%
HLOCK
QN
CoNvl
COuNi
OuNtl
Coo =
Covls
123 )
"DEL
DeiaY
DELAY 1
LrELAT S
ENL
FL+C
GiuT
LIl
LLOKL
Loy
MCOMV e
¥lil
D WA
Piasi
18]

51
Ty
ThaP i
T 4K
Kr Il .
el
Ak 2
A3
AKX 1
X419

4571
4676
4572
4577
4573
457¢
4557
4647
4A31s
u4574
8567
457 ¢
4515
L4600
4645
24556
45r3
4575
4616
4416
4564
4565
45¢.¢
4421
4614
L6660
HELT
4405
4415
4657
PARRY XA

. AERY )
A5G

4430
4AGR6
561
70562
4555
FAPILE Y]

4456,

4519
as12
4591
4613
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EXPUNGE
FIXMRI AND=0000
FIXMRI TAD=1600
FIXMKI 1S5SZ2=2000
FIXMRI DCA=3000
FIXMRI J41S$=4080
FIXMRI JMP=5380
FIXMKI FADD=1000
FIXMRI FDIU=3800-
FIXMAI FMUL=4200
FLAC=44

FEXT=0
FINT=JMS I 7
‘HLT=740%2
CAF=6087
I0F=6Q62

S =7410
CMA=T0 40
CLL=7100
CLA=720%
IAC=7461
S7A=T744D
SNA=T450

SMA= 750
RTL=7006
RTR=731¢
TABLE=126
ERRIR3=4566
EHROK2=4566
EFUN3I=136
"BOTTEM=3% ' .
FNTABF=374
FNTOEL=2165
INTEGER=53
BUFR=60
ENDT=135
START=44080
HARK=66
PUSHJ=4540
EVAL=1613
POPJI=5541
FIXTAB

PAUSE



F YT TR
dD35 4377 BTabi=1
A ETN) N
MA6Y  wTHY  TACLE+ R0
*NDT
Y135 074%¢ TABLE+eR2-
CRBENTALR+ LA
gal anns RELLL
GA1l Ab56 XFT
. EENTARBL+ L4
eetl 13le 31n /¥ ALL as5CII tan

2202 w324 324 /¥T ASCITI 1"
*START
440V 4779 X¥ILL,  J¥MS I ALIMIT -
4401 3356 DCA COUNTL
L aupe 1368 TAD PTABLE
4403 3757 ., DCA 1 APOINT
4484 7000 T 7000 /0P
4405 TO0B  LLOPL, 7000 _ /7N0P
4496 1364 TAD DELAY - .
L4497 3365 . DCA DELAY1 .
“s410 9366 DEL» - 1SZ DELAY2 x
an11 5215 _ - J#P LOOP-
ahie 236% -+ T1SZ DELAY1
4413 5219 ~ .J¥P DEL :
4414 5221 ~ J¥MP END )
4415 6153 . LOOPs. €153
4n16 1418 . SKP
4417 5230 i JUP BD
44z 5216 J¥P DEL
4421 7286 ENDSs CLa
4hex 1375 . TAD CP213
4423 spay . DA FLAC
4L%n 3pue DCA FLAC+E
4425 1356 C TAD 'COUNTL
4426 304% . UL PLACH] ’
4427 5556 JiP 1 KFUI3L
4430 7208 RD CLa
441 3366 | DuA DELATE
932 clsa tlas JaESY A5
dass w4 Jas I AN
403d H1o4 el od /okags LS R ki
4035 4774 Jes 1 ASTO
4436 G173 £173 /5% Lk FLAG SET
44037 5236 JME e=1 /90 14FN 00
4eiiv 6log CElEY YRS Aidb 45y

13
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aa4l
Aana2
4443
4444
{4445
LuH6
Lauyy
4150
4451
4452
4453

anseg -

4455
‘anse
G457

4460
4461
dH4n2
4463

4464

4465
HQL6E

d4467

QUTD

4471

4H472
4473

4474
us7s5

4476

S hn

4569

4591

45648

4563

4501
4505

4506 4
45457
4519

4511

4512
4513
4514

AT74
GL74
4774
G323
5244
6314
4774
634
4774
2306
2777
5205
5221
4778
4771
a4s546-
4647
7482
4ans53
7341
3355
1376
2355 .
7410 ¢
53061
2355
7419
5310
2355
7416
5312
TaALn
1360
2757
NTT3
3361
UNAIN
336
Hb3ls
1563 &rids
5341
1363
1363
5300

XFTs

AX 1,

Jris
slra
'.]3,"/1 sy
ZRE e
JAap
n3ly
dvis
Ay Tard]
Js
Ia7
I54
Jir
JM P
J¥s
JMES
PUSH
ARG
di.1
JHS
ChAa
neAa
TAD
157
SK¥
JMP
152
LK P
JMP
157
SK P
JMP
Al T
TAab
[DIOTR
JMs
N
J4 o
ISl
Juie
Tap
Jm P
Tan
Tesh

Jup

1 AST)

kil ty 1,80

I a5i70

4 R VEETE
=1 /Y02 I,
: ik O
I A51D

/s
I ast0
CALNTL

I atouxt

rar (S
DaF

ISRRTERN,

Law &

LLOEL
END
I ALIMIYT
1 AARRAY
J

VA NI
I INTEGER

Iac /NEG 1
TIME
BLOCK »°
TIME

XK1
TIVME

XF2.
TIME

XF3

R HROL
PINGLE
I APOINT
1 AGET
VTEME
I acil
Tk¥~1
CONvV
Clbbe
&
cuoE
CuBone
XX1

NV AC

~

AR

7.0%

NEY



4515
4516
4517

4524

4521
4580
4523
4524
4525

4526

4527
4534
4531
453%
4533
4534
4535
4536
4537
4544
4541
4542
4543

4544

4545
4546
4547
4550
4551
4552
4553
4554
4555
4556
4557
45606
4561
4562
4563
4564
4565
4566
A5 87
4570
4571
as 1e
45713
4574
459"
4976
a577

FRCIEE
Sy
RRELG
3 A
1361
71132
71
Teil e
Tl e
a477
1361
7112
fG1z
477
1361
47782
1562
7112
fal2
791
Thle
4772
1362
711
7812
4772
1362
4772
4407
3767
780

5536

453.17]
1o 151%)
4675
b126
Ja0v
6101515,
Biin2
TI1¢0
Ll
DG
43613
4~YT
4041
YL
4NGE
LEAR
=34 B
Lue1s]
N654%5

~ ,
() '_) : ,'V 2

TIME»,
COUNTI,
APOINT,
FTABLE,
TEMP,

-TEMP1ls..

Cavaz,

DELAY,

DELAY 1,
DELAYZ,
AXX 1@,
SLIMIT,
AARKRAY,
ACONVL,
AGET»
AT
CO313,
BLOCK,
ACOUNT,

i,

v LA
LRIIYOL |
rlLAC+ 2
FEMP
CLL

LiLe
1230
1J.0m
LG
TRy
HTKR
s
e
T A
3a8
LD
nte
RYY O
Jdis I ACONVI
iAD TEMP
Ji5 1T ACOWNY1
Tab TevpPI
Kl CLL

ikl

HTH

M

Jias I ACONVL
Tap TEMPIL
nTh CLL

RTR :
JVMS I ACONVI
TAD TEMP1
JMS 1T ACONVL
FINT

FDIV 1 AXX1@©
FEXT. M
JMP I EFUN3I
% '

1]

4675 .
TABLE ‘

7]

@

2

T700

[/, 2

&
4513
el 7
4631
ARaYs1Y]
NEED
4H€6
4013
wooy
445

I ACowvl
TiEap
CLL

/S

/LS BCD



4691
4601
4602
4683

4684,

4605
4606
§ﬂ6Q7
(4610
4611
4612
4613
4614
4615
461 6
4617
4620
4621
4622
4623
4624
4625
4626
H627
4630
4631
4638

¢ﬁ33ﬂ
B34

4635
4636
4637
B LD
U4pay
642
643
G644
1645
BUE

1}e A4
4650
651
AE5
H6LH
HeH4U
4655
A6 5 G
4657
FEBG
4661

R4 1]
Bzlie6
3211
a4@7
1210
4213
13163414
5600
0513
alotal’]
NBvY
P304
2400
BB
Yy
JB00
4453
3245
Lead
{41
i/ 4G

124¢

7700
Ta62
5617
BOAY
7049
1245
3245

1245 |
1245

1245
1245
1245
1245
3676
5631
ARy
1653

166

1as?

AL

Seh#
n500
141
T
5541
154

A
08

6211

k4600

CoONV1Y,

.FLPCs»
7
x%x4 3,

CoulT,
LIVMIT,

. ARRAY »

COUNTS
Miwl,

L5,

MCDMMES
GE1l,

9

AND CBB17 /BS54 GRT HUD

UCA FRFC+1

PINT

"ADU FLPC /CONVERT FEO% BCD

FMUL XX 14 /1 FLOATING PTe
CFEXT .

JMP I "CONvl

13

2]

@ &

4 ' '

2461

5]

ALY

€3

J¥S 1 INTEGEE

LGA COUNT

AL Loudt

598

HL T /b

fap. 4191

S48 CLA '

HLT /EHRROK "

JMP 1 LIMIT

(3 ' ~ , &
- cMA ‘ =, : s L

TAD COUNT . -  /SUBTRACT 1 FHOM COUNT

DCA COUNT '

TAD :COUNT
TAD COUNT
TAD Couwn

TAD COUNT

TAD COUNT ™

TAD COUNT /MUL COUYT BY 6

DCA I ABLOCK . ;
JMP 1 AKRAY /BLOCK CONTAL IS APPe .BLOCK
4

-i45

Tar CHAR
Teh WG
574 CLA
JAE e+ 4
P ;\‘4 J
Tual-1
IAC

PO
7524

5]

B2l

My

/8 GOaviiar
ZYms: wX1h o wla p0OFJ



v

i

:\"-
e "y
L4562 1675 Tan 1 POLYY
4363 €2¢1) €201
4564 2275 . 157 POINT
4665 5660 J4F I GEY
L4666  BGEE  STD, ¢
4667 6211 £211
4673 1ead CMA /7COMe OF LCL mECIEVER
BTl 3RT7S ¢ pca 1 POINT
4672 6201 A2 1
4673 2275 157 POINT
4674 5666 Jir I 819

4675 PO POL ITs  GOW
4676 4576 ABLOCK, 4576

" AARRAY 4571
ABLVCK 476
ACOW VI 4572
ACOUNT  4n77
AGET 4573
A.IALL 4576
APOING 4557

Akt iV
ARKAY 4631
ASTO 4574

AXX10 N567
HLOOK 4576
QONy 4515
QoNv1l L4y
QPUIT 44645
QU1 asbhs
coana 4563
U 13 ABT 5
CALil ¢ 416
DEL 4510
BeLed 4504
LELAY 1 L6
LDELAr 2 Aneé

N Lidig
FLEPG LF1D
GET AReG

LIMIT 4617
LLOoF1 4405

LOOK 4415
MOOMME 4557
M1O1 hEd 6

POIN1 4075
PladLy 4560

RD “Hi 36
STO 4606
TEMF 581

T®MEL 4562
TIME , 4555

%
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The following external ballistic program is written in FOCAL and
used to establish the effective muzzle velocity given the ballistic
screen velocity and location downrange. Other input requirements are
documented in the program. This program provides engineering approx-
imations and can be used for any caliber and configuration projectile.

Due to core requirements of the PDP 8, program accuracy is
1imited; however, this accuracy is well within test requirements.

The program was originated at Rodman Laboratory, Rock Island Arsenal

by Dennis N Ladd.
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C-8K FOCAL @1976

21.01
Pl.02
Bl.04
Pl.06
01.08
A.10
fle12
el
Ble 16
Pr.18
P1.20
Pl.22

P2.01
B2.082
P2.04
P2.06
n2.08
22.10
Y2.12
P2.14
.16

B3.01
@802
83.083
B304
A3 G 6
83.07
B3.08
23.10

P4.B1
P4.22
D4.04
D4.06
B4, 48

iNoNeoloNoNeNoNeoNeoNeNe]

norarPpup P»wnd

DUrO>nNnDnd

nNnununmunwm

Prrrrrry, "kkkEXTERNAL BALLISTICS PROGRAM**%xUS*, !

THIS PROGRAM USES COL. MAYEVSKI'S BRACKET FUCTION
OBTAINED FROM FIRINGS DONE BY KRUPP AT MEPPEN GERMANY
(1881) USEING A PROJECTILE 3 CAL. LONG 5 2 CAL. OGIVAL
HEAD RADIUS 3 WEIGHT 1 LB« ; DIA. | IN.. THIS SAME PROJECTILE
WAS FIRED BY THE GAVRE COMMISSION (1918) RESULTING IN THEIR
G-FUCTION « ONLY SLIGHT MODIFICATIONS WERE MADE FOR AePeGe'S
G1-FUCTION. '

THE FORM FACTOR (I) CORRECT DIFFERENCES BETWEEN THE ABOVE
STANDARD PROJECTILE AND THE PROJECTILE BEING EVALUATED.
THIS FACTOR MAY BE OBTAINED FROM THE REF. NOTED BELOW.

"PROJECTILE WEIGHT (GRAINS) ? '",%Z,W0
W=Wwa/7000 '

"PROJECTILE DIAMETER (MM) ? ", %2,D@

D=D0*.083937

"AIR DENSITY RAITO ? '",%,DR

REF. HATCHER'S VOTEBOOK P.574 & 430

"FORM FACTOR ? ", %,1

REFe HATCHEHK'S NOTES P.571 & 572 OR '"SHORT CUT TO BALLISTIGCS"
C=DR*W/(I*Dt2)

"UVELOCITY (FT/SEC) & RESPECTIVE RANGE C(IN,) 2?2 ', %,UX,XX
XX=XX/12 '
"MAXIMUM RANGE (M) ? ", %,XE

XE=XE*3.280833

"RANGE INCREMENT (M) ? ",%,XI

INCREMENT IS CRITICAL TO ACCUKACY !!

XI=XI*3.280833

"ANGLE OF ELEVATION (DEGREES) ? ', %,TH; S TH=TH*3.1416/180

V=VUX;D 1@

AX=R/C

V@=FSQT(VUX1t 2+2%AX*XX)

V=V@;D 10

AF=R/C3 S AX=(AF+A8X)/2;D 4.04
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P5.01 T 111

25.02 T '"PROJECTILE WEIGHT ' 25.045%, " LBSe', !

@5.94 T "PROJECTILE DIAMETER £, %25.045D," INCHES", !

P5.06 T "FORM FACTOR 2" 25. 0451, !

25.08 T "AIK DENSITY RAITO $", 25. 345 DRs !

P5.10 T "BALLISTIC COEFFICIENT :"»%5.0345C, ! .

P5.11 T '"MUZZLE VELOCITY :'",%25.02,VU05 " FT/SEC", !!

PS.14 T " KEMAINING TOTAL TRAJECTORY "4

.16 T ' HANGE TIME HORZ+ UEL. VELOCITY DROP ', !

@18 T "™ (M) (SEC) (FT/SEC) (FT/SEC) OFTHY ey

P6.D1 S VI=UB*FCOSCTHY; S V3=Vl

P6.02 S U2=UP*FSINCTH); S va=y2

B6.04 S X=03S Y=05S 1=0.

P6.06 D 7+183D 720

P6.08 F X=XI1,XI»XE;D 7

P6.190 QUIT

P7.02 S VY=U33D 103S AP=R/C

P7.04 S US=FSQT(U312-2%xA0%X1)

0706 S T1=2% [I1/C(U3+US)

07.08 S U3=V5

0710 S U6=U4-32.16%T1

@7.12 S T=T+TI1

B7+14 S Y=Y+T1k(U4+VUA) /2

P7.16 S U4=V6

0718 T %5.005X/3.280833528.055T>%28.015U3,%1501,FSQTC(V3t2+V4t2)
- @7.20 T " ) ", 28 D45 Y5 !

10.91 C MAYEUSKI RETARDATION FUCTION (R=A%UtM) FT/SECt2

10.02 1 (840-Y)10.04

10.33 S S5=Vt383D 11.025S R=7.442E-04%¥UxS63 R

10.06 S R=5.9939E-08%VUt 33 R

10.08 1 (1199-U>10.12

1010 S S5=U1293D 11.02;5 #=2.3335E~-18%UtéxS65 R

1012 1 C1460-U)10.16

10.14 S R=9.5408E-28%Ut3

12.16 1 (2000-V)10.20

1018 S 55=VU1515D 11.1925S RK=5.9814E~04%U*S65 R

10.20 1 (2600-U)10.24

1022 S R=5.8495k=-03%UxFSQTCU); 1

10.24 1 C4000-U)10.23 )

10626 S S$S5=Vt4330 1140258 HB=1+5366E-03%UkS6E3 R

13.23 T “VELOCITY OUT OF RANGE",!

10.30 QUIT *

11.21 C 6= 64 TH ROOT OF 85
11.92 S SE=FSQTCEFSQTCFSATCRFSOTCA SATCESQATCSS) )Y
*

J
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APPENDIX B
SYSTEM ACCURACY
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The following ASR output is from the paper target (Figure B-1)
using the digitizing table. These X and Y coordinates, as explained
earlier, are to be considered actual within + 05 inches. The stat-
istics are also considered accurate and can be compared to the ATD

output.
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TEST NOe & DATE: | 454, 2JUNT6
WEAPON & S/N: :
VERTI CAL SUPPURT - YES

SPKING RATE & DAMPIMG: 65K> o3
30 MM XM639Bl AMMO LOT:  LC-13-802 : ,
TNUMBLR OF ROUNDS: ~ 28

) SR U S VR R U | 1 1 1 1 1 1 1 1 1

EXTREME VERTICAL 9.61 WMILLS
EXTREME HORIZONTAL 1085 WMILLS
EXTREME SPREAD 11.86 MILLS
MEAN RADIUS ' 2¢49 MILLS

STANDARD DEVLIATION
STANDARD DEVIATION
STANDARD DEVIATION

2.59 WMILLS :
MILLS h
1.85 MILLS

e i S
—
.
o0
&S

CENTER OF IMPACT:
‘Y - 5.67 WMILLS .

*kk K=Y COORDINATES **%

RD NO X Y

1 : 609"—1 a 9068

2 .00 ° - ©.00

3 = 3.90 - 5¢1¥ .

4 - 3.81 - 7.56 ;
5 - 2.79 - 4.52 7 '
6 - .86 = 559

7 3.22 - 5.85

8 ' 30@5 o Ll057

9 . - BD.25 - 5.28
16 ' ) 1051 - 604@

11 De D0 = 5446

12 - 1.37 - 5.92
13 H B Pe21 ki 5.868 \

14 @.22 = 4097

15 1.31 - 5.94 '
16 323 - 675
1'/ . 1.09 = 4450
18 B 04 - 7.27

19 2.19 - 669

20 ) 2e¢31 - 5050
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TEST NOe
WJILAPON

VeI CAL SUprrubl

SPRING

30 MM

. JUMBish OF HOUNDS:

1

EA L oikvib,
EXTAEME
X THEME
MEAN RHADIUS

STAVDARD

CENTER OF

RD

-
wZa

iJ

oD WS-

1@
11
1
13
14
15
le
1/
14
15
20

DarTk: 454,
S/n
YES
KHATE & DAMPLaG: 65K
KMG39B1 AMv) LOTs
20
1 1 1 | 1
VERTI CAL Jerl
HORIZON 1AL 10eH>
SPHEAD 116
2e 49
STANDARD DEVIATION X 2e59
STANDARD DEVIATION ¥ 150
DEVLATION N 16585
IMPACT:
£ Ce &2
1 = 587
dkk K=Y CODRDINATES &%
X Y
6o = Je 22
e 1) =! We i
3T - Sel¥H
3e51 - Tebe
2079 - 4052
NeH K = S5e 59
3e22 = 545
300)5 = 14.57
go{?‘5 = 50?.’.';
1e51 o Ge il
e Pinh - Se HAE
137 - He9
ezl - 544
V.}OBH - 4097
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APPENDIX C

CHRONOGRAPH/BALLISTIC SCREEN INTERFACE
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The interface pulses between the chronographs and the ballistic
screens are relevant in observing proper operation of the system.
Page C-3 shows the pulse shape for fhe test conditions (oscilloscope
readings) 1, 2, 3, and 4. The effects of 1ine capacitance and im-
pedance mismatch can be seen in test 3 and 4. Page C-4 shows the pulse
time relationship as obtained from a 4 channel storage tube oscillo-
scope for test condition 1. The positive active chronographs will
then record times T1, T2, and T3. Page C-5 is a listing of the times
T1, T2, and T3 in microseconds from the computer core. The actual
number of rounds fired was 30. The 2nd, 3rd, 4th, 28th, and 30th test
number would be deleted automatically by the computer for further
calculations. The program wili then obtain a renumbering for the
rounds. The program can actually delete either the erroneous test
number or round number on command. The distinction between erroneous
test number and round number is obvious in this example due to the
extra pulse received in test 2, because all three times are beyond
reasonable 1imits. Once acceptable criteria for the distinction is
made, the program could be improved to automatically perform this
operation. Pages C-6 through C-8 are TEXTRONIX 4010 printouts of the
respective screen plane pulses. The screen printouts can be compared
directly to the listing on page C-5. Erroneous pulses shown on page
C-8 are eliminated by the one-shot action of the chronographs. A 10
volt cut-off of the pulses is due to A/D saturation. The elimination
of erroneous pulses from page C-8 to the print-out on page C-5

illustrates the effectiveness of the setup.
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APPENDIX D
EQUIPMENT LIST
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EQUIPMENT LIST

APPROX IMATE

Qry DESCRIPTION

UNIT COST

APPROX IMATE
TOTAL COST

(16) Model 55 Ballistic ‘Screens
Oehler Research
Post ‘0ffice Box 9135
Austin, TX 78756

(3) Mode1-4604'Counter'Chronogrgph
{ECI) Electronic Counters, Inc.
Englewood, New Jersey

k) 8K PDP 8/E Computer
(DEC) Digital Equipment Corp.
Maynard, MA

(1) ASR-33 Teletype

Software: a. FOCAL-8K 3 word variables

b. Program 1isting (inclosed)
Misc: Interface cabling

(4) 500 foot section of coaxial
cable, 50 impedance

(6) computer ribbon cable and

DISTRIBUTION LIST

ADDRESSEE

Commander

US Army Development and Readiness Command
ATTN: DRCRD-FW

Alexandria, VA 22304

Director of Defense Research and Engr.
ATTN: Mr. Robert T. Russell

The Pentagon (Room 3E1060)

Department of Defense

Washington, DC 20301

Assistant Secretary of Defense (R&D)
The Pentagon

Department of Defense

Washington, DC 20301

HQDA
ATTN: DARD-DDA
Washington, DC 20310

Commander

US Army Aviation Systems Command
ATTN: DRCPM-UA-T

P.0. Box 209

St. Louis, MO 63166

Commander

US Army Aviation Systems Command
ATTN: DRSAV-EVW

P.0. Box 209

St. Louis, MO 63166

Project Manager

Advanced Attack Helicopter, AMC
ATTN: DRCPM-AAH

P.0. Box 209

St. Louis, MO 63166
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1,000
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1,200
50
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$7,200

3,000
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1,200
50
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ADDRESSEE

Commander

US Army Air Mobility R&D Laboratory
ATTN: SAVDL-EU-SS, Earl Gilbert
Eustis Directorate

Ft. Eustis, VA 23604

Commander '

US Army Aviation Systems Test Activity
ATTN: SAVTE-A Reference & Research Library
Edwards AFB, CA 93523

Director

US Army Materiel Systems Analysis Agency
ATTN: DRXRD-AMM

Aberdeen P-oving Ground, MD 21005

Commander

US Army Command & Gen. Staff College
ATTN: Acquisitions, Library Division
Ft. Leavenworth, KS 66027

US Army Aviation School Library
Post Office-Drawer 0
Ft. Rucker, AL 36360

AFFDL/FER
Wright-Patterson AFB, OH 45433

Commander

Naval Air Systems Command

ATTN: Tech Library (Code AIR-604)
Department of the Navy

Washington, DC 20360

Commander

Naval Air Development Center
ATTN: Code 503 (Paul Young)
Warminster, PA 18974

Commander

US Naval Weapons Laboratory
Code EAA (Mr. W. Mannschreck)
Dahligren, VA 22448
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ADDRESSEE

Commandant of the Marine Corps
ATTN: Code AAW

HQ, US Marine Corps
Washington, DC 20380

Mr. M. Cleary

Hughes Helicopters

Division of Summa Corporation
Centinela Ave. & Teal St.
Culver City, CA 90230

Dr. Joshua Greenspon

J.G. Engineering Research Associates
3831 Menlo Drive

Baltimore, MD 21215

Commander

US Army Armament Command
ATTN: DRSAR-RDG

Rock Island, IL 61201

Commander

US Army Armament Command
ATTN: DRSAR-ASI

Rock Island, IL 61201

Commander

Rock Island Arsenal

ATTN: SARRI-RL (Dr. Beckett)
Rock Island, IL 61201

Commander

Rock Island Arsenal
ATTN: SARRI-RLT

Rock Island, IL 61201

Commander

Rock Island Arsenal
ATTN: SARRI-RLW

Rock Island, IL 61201
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ADDRESSEE COPIES

Commander 10
Rock Island Arsenal

ATTN: SARRI-RLR

Rock Island, IL 61201

Commander 2
Rock Island Arsenal

ATTN: SARRI-RLS

Rock Island, IL 61201

Commander 2
Rock Island Arsenal

ATTN: SARRI-RLP-L

Rock Island, IL 61201

Defense Ducumentation Center 25
Cameron Station
Alexandria, VA 22314

Commander : ]
US Army Development & Readiness Field

Support Activity

ATTN: DRXFS-E

Ft. Hood, TX 76544

Commander 1
HQ MASSTER

ATTN: ATMAS-LO

Ft. Hood, TX 76544

Commander 2
US Army Test & Evaluation Command

ATTN: DRSTE-BG

Aberdeen Proving Ground, MD 21005

Director 2
Ballistic Research Laboratories

ATTN: DRXRD-BEL-FT, Mr. Baron

Aberdeen Proving Ground, MD 21005

President 1
US Army Aviation Test Board

ATTN: STEBG-TO-AR

Ft. Rucker, AL 36360



ADDRESSEE

Commander
Naval Weapons Center
China Lake, CA 93555

Commander

Frankford Arsenal

ATTN: SARFA-NDE, A. Cianciosi
Bridge & Tacony Streets
Philadelphia, PA 19137

Commander
Picatinny Arsenal
Dover, NJ 07801

Mr. V. Gardy

General Electric Company
Lakeside Avenue
Burlington, VT 05410
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