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SUMMARY

Opaque shields can be used to channel 1light and thereby reduce
reflections within the cockpit. These shielding devices range from
the standard glare shield on tob of the instrument panel to the more

R and MicromeshR for this purpose.

experimental use of Light Control Film
Previous work in this series has demonstrated two mathematical approaches
to a specific reflection problem in the AH-1 aircraft, namely, the
reflections coming from the portion of canopy directly above the gunner's
head. It was felt that it would be useful to demonstrate the compatibility
of these two approaches and to publish the computer programs (FORTRAN)

for each approach for possible use by others.

ROBERT W. BAILEY
COL, MSC
Commanding



INTRODUCTION

One technique of reducing the reflections of the instruments,
dials, etc. from the transparent enclosures is the use of opaque 1odvres
and shields. In using these screening materials, one wants to maximize
the extent to which they block light from reaching the canopy but mini-
mize the extent to which they block 1ight from reaching the pilots'
eyes. This is accomp11§hed by choosing the proper values for the posi-

tion, width, spacing, angle, etc. of these shields.

In a previous report! we showed a set of mathematical equations fdr
the solution of this problem in terms of analytic geometry. Quite
independently, the problem has also been investigated by a different
ﬁathematica] method,'namely a plane geometrical and trigonometrical
method. The latter method will be documented e]sewheréz. Regardless of
the different mathematical derivations, results from these two the-
oretical predictions of the reduction in interior cockpit reflections
were essentially identical. The purposes of this reportrare to de-
monstrate the compatibility of these two theoretical predictibns and to

document these two FORTRAN computer programs.

ANALYSIS

Due to the nature of the problem, visibility has been classified



into three cases. We denoted the projected points of the lower and
higher points of the louvre to the vertical axis of the pilot's posifion
by h and H respectively. Case I concerns the visibility VI above H.
Visibility VII (Case II) is the region betweén H and h. Below h,
visibility VIII is classified as Case III. Since Case IT is relatively
trivial and since Case III is similar to Case I, we wi]].sh0w the equa-

tions for Case I by these two methods.

a. Analytical geométry method:

VI = ]v d] tan @ - k] ‘ (A)

A CT+Kky tan ©

Where VIA is visibility, c is the distance betwéenrlouvres, d] is the
thickness of the Touvre, © is the decline angle of the instrument panel
and ky is constant. A1l the symbols were exp]aihed in the original
paper and are shown in Appendik I (incorporated with‘notations in the

computer programs).

b. Plane geometrical method:

v, =k 1.(h-H) (Cot” Cos o + Sin 0) - :
I h sec (a-0) - 1 - a sin © sec (a-0) - (h-H Cos © Sin a) (B)




Where VI is Visibi]ity, K is constant, h is the minimum height, H is
“the maximum height, © is the decline angle of the instrument panel and

o is the extended angle.

A detailed explanation of the symbols in this equation is also given-in

Appendix II.

.SOLUTION |
Computer programs for equations (A) and (B) are attached in Appendices

IIT and IV respectively. Commentsvand notations used have been added

in the programs except for the graphic portion of the programs, which

required a few calls from standard subroutines, and were p]otfed through

a hybrid computer plotter3.

Resuits from both methods have been represented by two graphs
(Figures 1 and 2 correspond to methods (A) and (B) respective]y.).‘ They
were indistinguishably identical. (The vertical axis showed the nor-
malized visibility and the horizontal axis was the vertical distance
with respecf to a referenced ground point in the Cartesian coordinates
system. There are six curves in éach graph with each curve representing
a different louvre width. These graphic representations enabled us to
determine the amount of visibility of a pilot under a set of predeter-

mined cockpit parameters.



In short, this study has presented two different mathematical
formulations which produced identical solutions for the analysis of the
use of opaque louvres and shields to reduce reflections within the
cockpit. It has also documented two computational procedures with their -

respective computer programs for future analyses of cockpit 1light reflections.

CONCLUSION

Previous work in this series has demonstrated two mathematica1
approaches to a specific reflection problem, namely, thé'ref1eétions_
coming from the portion of canopy directly above the gunner's.head.
Although these two studies addressed a specific reflection problem, they
~ each represented the modulus of a general approach to the canopy -reflec-
tion problem. Therefore, it was felt that it would be useful to de- |
monstrate the compatibility of these two approaches'and to publish the

computer programs for each apprbach for possible use by others.

RECOMMENDAT IONS

In future canopy design, it is recommended that an analysis of this
sort be carried out prior to fabrication of the’canopy‘and cockpit. In
this way, some potential reflection probiems could be prevented without

having to initiate costly re-designs and product improvement-programs.
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FIGURE 1. Visibility as a function of height in the plane of the gunner as determined by the method
of analytic geometry.
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coL.

(4 becimal)

1-7

22-28
29-35
36-42
43-49

INPUT
CODE

A

APPENDIX I

ANALYTICAL GEOMETRY METHOD

SYMBOLIC
CODE

a

HEADER
CODE

A

COMMENT

Distance friom
panel

Distance the louvre is

up the panel

Distance between the
louvres ‘

Width of louvre
Width of louvre
Lo

Beginning point



APPEMDIX II
PLANE GEOMETRIC METHOD

coL . INPUT SYMBOLIC HEADER
(3 Decimal) CODE CODE CODE
1-7 | A % L
-8-14 B - o B
15-21 C K K
2228 D H HF
29-35 E a A
36-42 F 0 ' T
43-49 6 M M

COMMENT

Starting width of 1odvre
Program Increments dy

.003 -

L o

Distance between louvres - -

Starting height to be
varied + 10 by .25

Height.up the panel
Lo

Distance from panel



APPENDIX III

COMPUTER PROGRAM (a)



7711774 d9L 3R CASLO. S ARMY AFQOMFN RESEARGH LA3

GINR BILAF LS008 AAY? DR, CHIOY
$APTION 1 4 ;
KFIBTTNW 5

KEXECUTE FOQT: Jf\f\'

XXX XK XN X T KX XXX KX X XL A XXX x{y\yg)(yyyyyyxyyyyvyxxﬂyxxyyxxxyyx
C  THIS »ROG2a+ CALGCHATES VISISILITY BETWEFM LOUVPFS

C  START [t JHruF _VISIHILITY IS hQrATLQT AND GOTNA

‘D«"]?\'T IFr B | o=

C 68 ALSH IT BIVES & THAT FuukFQDan Tn ruqvc

1o C_ PaIISES ADF  SEFT UP THAT vE may SFET SCALF R SET PFN
[ C THIS 1USFS dw, CHIDN FOPMIL AHe ceeaae
12 CRXXXXANA XX KKK LY AL COAXXKRX XD A X XXN XK AN XAX AKX XXX XX KRN XXX XX XXX
1.3 lal DV!T\ 2, ‘I[JI"(\ L‘x-.)f MY X K.Y . 5
la DIVMEANSTION PY(2000) 4 VIV(20i0)
1% RF AL Kf‘q*(‘).*()q a e KR eK ]

: > 3 - 3 A CF TN ORM—FOR—GRAPHINMG————————
17 COrmmai}ny Iw1.[ ] .
1¥ G ICnmy [S aaX SCALE FRACTIGCH
T3 [CORV=7F#F3T=1
20 CXYXYXYXYKYXYXYXYKYXYXYXYXYXYXYX Y YXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXY
21 C TS AT IE THE PROERAN SETS 1R THE GRAPHING
27 : caLp Iwrr
23 CALLL SaCa (] 615 KR)
Pt Ir1={V1_.
75 CALL 1238 (el elid]lelrirb)
A .’.)Allsp- ARTATN
=7 r‘j_J(wtv
v Tvi=1Cady
25 Chb | |—U\Aln.‘l.T'Tl.Ii—[-Di
30 DEISE FULLSEC '
§§ CXYXYXYXY:YfY(YfYKYKYxYXYXYXYXYXYKVXYYYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXY
<7 BAalE SLIE A LR Sar AR o |
43 Q] FORwMAT(1AL)

3a CADCﬂA%CHuJC)xQP\AJFWADCDHFCHAHCHQHCHAR(DAQhHAQCﬁA”CDARCDARCDARCDABCDARC

s C FACH OF qugu JAVE & LFCTYAL PrLarFe
A C = THE OHISTAnNCE Feijw T=E BANE

a7 c N 2= DTSTANMCE TIUNERS ARF 1P THE DARNEL

R C C = DISTANCE =ETWEERN THE LIVERS

g c N1 = \'[\TH ()F LOLV <Y

%5t © Hrp———in- :|-—v Gt

al. C F = A%GLE OF TARE PaxFl

4 . C Aa 1S N0T ACTUAL Y 1J<EN

43 CARCDARCUARCIIARCHAACDARCUARCT ARC O A<CLARCT ARCNDARCD ARCH ARCDARCNARCIYABCUABT
4a ? READ(Sal)AeHeCaD]l a2 gF ¢ 2N

4% 1 FORMAT(TIET . 4)

an IF(A)3eua

a7 4 C”HTIJWF

4 C—HSF oA R TR SRS

asg FA=F /572957795

a0 T=90/57 472957795

ST C WY K GY A7F TAr BEIGHT 1P [Rr Y OXEC

a2 HY=(4+(3+C) /COS(EA) ) #STM(T=FAa) /COS(T=FA)

83 GY=(NA+A/COAS(EAY)#STN(T=Fa) /COS(TuERN)

Sa 0 GHN=05M]1=5Y

59 W ITE (Ael])

Erais T A T € Bt b2 £
57 ) DR =Y GY')

ar WRITE (5e30) A QquUlqﬂ?vto\KﬂmloPY ~Y

59 SUTFURPATTIY OV [FS .4 [U Xy /F [ JehR)

H4) WwRITE (Ae31)

61 AL FORMAT (YO T PY(T) VIV (T) ')

2 weITE (5 e8)

~3 R FQwMAT(r V)

aY (#3440 S0 2020 4030 4 S5 4020 S AT SE AR 2 0 A 03 2 2020 A0 2SR T I B R ST R AR S SR S R S S S S R
Ak C THE CALCHL aATIaM NnF X & Y IN THFE FORM QF AN ARRAY TAKE PLACE HFEAR
AT FOU CONTINITF

HH Ne 709 1=1+2000

£HY9 RY (1) =0 GEN

70 200 COAT - hIE

71 IF(HY.HH PY(T) ADPY(]) (K .BY)EQ TO 300

7> S+ war

1.3 300 CONTI 4

T4 V'[,T_:l.'!‘
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5 VIVIL)=vII

74 GO T4 399

77 400 CONTI e

78 IF(UY([).GT 4Y) GO T 8¢

'I‘\ I‘h Tl\ L 1} -

RU 500 C(‘ lT_f I-IC'

R KA=A+ (H+CYHCAS(FA)=N1R#G TN (F )

3 K=Y T = ((FFC TS T F oy FI = s (o))
B3 KY=XA /K2

A4 VT-]-U1/P*(QTl(rA)/Llk(rd)-ﬂl)/(1+K1*§TM(FA)/C0§(FA))
Bns VIV(1)=VT

A6 600 COITINIFE

:l'? O I\—-\AJ("!!_L".'\"I‘

/K 700 COTTWIE

C****%%%#***b“%**%*%*?%r*w“f# 58 5k 30 2 3 40 40 35 48 31 36 T 3 S8 3 3F 3 2% 0 46 30 2 30 AR 4 b IE 4k 3k 330 A A

g) q Cﬂ’TI|”P
92 C__ XS THTIS TS _RPAT 0OF Stal Twi3
93 YS=0R5 =G =e D]
94 Ny 23 4= .?n’h]
Q5 oo InT 2 fv) AJF AY Ay 1o SOt v FLACTIAN B END QU APHING
94 '[.)]:["\lhl'(t)Y(‘)—v_:("-*:\]v)/Y‘\
97 Ivl:ICﬂJU*VTI( 3 )
il Ftr e Tyt
99 51 COMTLNIE
100 229 TF (aM T et N1 allitgokt )ilﬂ)ﬂﬂ TF 732
101 \%IT?(ﬁ.7)A.DY(T)9V r(
107 7 FOSYAT(T 1eTaudXer | o l{ﬁﬂ
103 232 CANTT s
104 C WRITInA ™ THE SR 5 T TE T S e TAVER STARE Th TRF FOLLOWIRG
1ns cal.t -311(0-1- )19["4)
Tt _'—'”-r:r.'[ B
107 23 CORTIMIE
108 9 nHIT" {5 7)‘-"-‘DY("I'I)-\/'§ Vo)
109 T PatlsE TASFL
116 G0 T P
111 3 CONTL LIE
112 STuwL
113 Funy
11s $8SS7T¢ :
11 ‘FL\.‘;SIG‘I) h"';lﬂ 7000
177 FALTLOCATE l’”ﬁl
11# SOPTLOR Ai)ra
Lia SEXECUTE G0
124 27.095.U-.)1--“1“g.0159ﬁﬁ-‘9(
121 27 Oeh, Uo-Ul-.alqv.ﬂl*y“Wc”oﬂn’
P2 Tt Se et v 2oz
123 27 1 : K
L 24 27, Oya-do-ﬂl--0?7-.ﬂplsﬁﬁn( -
1z5 ?7~(\9 Se D v sl aal3 Ve gV ST e 200 eita!
12& —OOOOFI
127 SE0
125 LR



APPENDIX IV '
COMPUTER PROGRAM (b)
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1 $JOR ALAF 1505 AAH]1 DR. HOLLY AND ES5 PARK
zZ FOPTTION
3 SOPTION NOMAP
4 FEXECUTE FORTRAN
) C THIS PROG2AM CALCUATES VISIRBILITY BFTWFEN LOUVRES
7 C STARTING WHERE VISIBILITY IS GRFATEST AND GOING
R:] T UP FOR 207 INCHES ALCSU GIVES GROPH THRRTUGH TRF
G C 6A81l, ALSO IT GIVES # THAT CORRESPOND TO CURVE..
10 C___PAHSES ARE SET _UP THAT WE MAY SEY _SCAIF & SET _PEN _
11 C THIS USES NR. HOL AND F4 PARK FORMU|I ASeqenses
12 CYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY YYYYYYYYYYYYYYYYYYYYYYYYYYYY
3 —I—F—T VAR MY &M SCALF—FRACTIOMFORMFOR—GRARKING
14 ComMON ID1s1IV1
15 C TICONV IS MAX SCALE FRACTION
18 ICONV=30r I T=1
17 CXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXY
18 C' _THIS PART OF THFE PROGRAM SETS UIP THF GRAPHING
19 CALL INIT :
20 CALL SACN(1l,TIERR)
) CALLE—RENUR
22 ID1=ICONY
23 IVI=ICONY
Tadid CALL 1R AtO I 1D ITEREY
25 PAUSE FULLSC
- DA Tol=Ivi=0 .
27 CALL L30A(0s1+ID1sITCEPR) i
28 PAUSE ORIGIN
—39————e*¥x¥%¥x¥*¥xxxx4¥x¥x¥x¥xxx¥x¥xxxxx¥x¥x¥¥¥x¥x¥x¥x¥x¥x¥x¥x¥x¥x¥x¥x¥x¥x¥#
30 WRITE (64240) . i
31 ?40 FORMATSIHI) o .
= HUDARUT n = 9, A
33 C FACH OF THESE HAVE 3 DECIMAL PIACES
34 g A = STARTING WINTH OF |OUVRF PROGRAM TNCREMENTS BY .003
35 [ B = THE ANGEL OF THE LOUVRE
36 o C = DISTANCE BETWEEN LOUVRE
—3F € —=HEGHT—BF R RCON—TO RE VAR HES—FOR—POINCHES—RY—. 01
38 C BUT H IS THE CALCULATED LITTLE H
39 C F =THF Y4FIGHT UP THE PANEL WHERE THFE LOUVRE IS
47 C F = THE ANGLE UF THE PANEL
41 C 5 = THE DISTANCE FROM THE PAMFL.
4P CARCDARCDARCDARPDABCDARQDQRFHAQCDARCDARCRAPCDARCDARCDARCDABCDARCDABCDAB
43 2 PEAD(5¢1)A«BRyCoDoEoF G
a4 1 FORMAT(TF743) .
45 E—USER—TO0 CONVERT DEGREES—T6—RADTANS .
4h R=H/57.2957795
47 F=F/57.,72957795%
[2YaS C N IS USED AS THE STARTING POINT
49 N==2000
50 JE(A)3ebed
51 4 CONTINUF
2. C**********************************************************************
54 c = THE RIG DO LOOE INCPFNFNTQ "A" THE WIDTH - #
55 C #  THE LOUVQF.. THIS WILL PRAW THE DIFFFQENT #*
55 T T CURVEST TRE L ITTEE DO - CO0F DRAWS THE ¥
57 c * CURVE IT QELF TOGETHFR THEY WILL DRAW 6, #
58 C ******ﬁ-***************#*'&**#*****%**************#
53 99 DO 20 J=1+6
21 DI LIQ—IPJ.I’-‘\-&SII\ (F\ LA*SIM{;@-F’)
62 TAN=SIN (R=F) /COS(R=F} % (G+ (C+E)#CQS (F) — =A#COS(8B~F))
163 C H= THF HEIGHT AT WHICH VISIBILITY IS 100% :
a3: H—rLus*lAN ;
62 D =H=20
27 C******-}****ﬁ'**#*******%**%******%***'&****************%************ﬁ'**
648 DO 23 M=N.2000
AQ TE (M)33,55,.00 _
70 33 CONTINUE .
71 C THESE ARE SET UP IN' #Y FQUATION FQR uy®
73 DI ER=H*1/SIN(B-F)—A F*SIN(F)*l/QIN(B -F)
74 DIVERZ2=(D~=H)#*COS(F)#*SIN(R)
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75 THE VISIBLE PORTION REILOW THE LOHVRF e
16 V=C=DIV/(DIVER+DIVER?)
17 GO. TO 66
78 55 CONTIMUE
'70 C TUECE \DF{ CC_'T [R»] Il\_l MV EnIII\TT{\nl CI\D (FAVE1]
R0 DIV=A#()=H) #COS (B~
81 Qly§3§C03(Fl*(D:A*SIN(P F)-(C+E)*<IN(F1)
[» X lIlVl:Hf—)J.'\l\f'l*\U"‘H.«TFJ“'bUW\rI‘P"(U\\H-f‘l)
83 C V = THE VISIBLE PORTION AROVE THE LOUVRF ..
84 V=C-DIV/(DIVER+DIVER?Z)
85 66 CONTINUE
Bb IF(V.GE, D) K=K+ .
87 G ID1 & JV1 ARE MY X 8 Y TN SCALF FRACTION FORM _FOD GRAPHING
88 IDI=ICONV#*(D=D1)/40.01
89 Iyi=Iconysvse =
A% .ll'\.l.VJ..l_CoUl.l.v.l.—U
9]_ C AR 3 AR A e A e RS S St R St S
92 C # THF REST OF THIS PROGRAM TS FOR GRAPHING #
93 C ¥ PURPOSESs WRITING AND RRANCHEING RACK
g4 C **************#*********#************************
[+19 CALL 1 BDA(0,]1ID1sIFERR)
96 IF(M.EN,0)CALL DELAY
97 IF(MeENWD)WRITE (64230)D9VeM
—58 M ST oS00 AND s Ve Fo - CALL HELAY
99 IF(Me3T o500 AND4VLTL0)GO TO 5
100 IF(M.EQJN)ICALIL. DELAY
101 IF (ReE@» 1) CALL PENDUWN
102 IF(K.EQe.1)CALL DELAY
103 229 IF (KoeFQalIWRITE(Ae230)DeVaM
104 232 CONTINUE
105 ag DZDrs 01
& JLY (s~ BEn L u A0 N
1()7 C*****%*****#**#********#**#********-n-**************&****#****#**#*****a
LOR D=D=401
109 5 CONTINDE
110 WRITE(69230)D VM
111 cALL DEL
112 caLL PFMUP
113 20 A= A+ 003
[15 (‘\*#*********#%#*******#****#**************************#***********#***i
116 GO T0 2 .
17 CONTINUE )
18 - 230 FORMAT('O',' X=D=HIGH= 1 4FQ4,4210Xs'Y=SV=VISIBLE= '4F9, 4-4x916)
120
121 CSUBGUBSUBSURSURSURSUBGURSURGU%\HHGUQcpncURRUPGuRSURSURQUBGURCURQURSURS
23 C SETS UP A  DELAY FOR PLOTIM@ PUQCPIch
24 SUBROUTINE PENUP
29 CALL RSCL (IS, TERR)
126 2 DO 1 N=1,+2000n0
127 1 _X231=0 .
128 RETURN
129 ENTRY PENDOWN___
13V CALC 3OV VT Iy I Cmmwr
131 G0 10 2 .
13?2 ENTRY DELAY
133 DO 3 N=1,300000
134 3 X=0
135 RETURA|
136 ENTRY DELAYZ2
137 o D04 N=1,20000
139 T RETURN
{2? CSUBSUES%BSURSUHSURSUBSUBQHRQURSURQURCHQCUNSUHGHQSHRGUPQUBGURSURSURGURS
142 FASSIGN] LI% HYBLIB DIR=HYRDIR
143 $ASSIGNZ B8=8
144 SASSIGNZ 6= §L0y7000
145 SALLOCATE D000
10T U IO YOO
147 $EXECUTE GO
148 00159902004014304065035540027490
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