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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
experimental use of Light Control Fi1mR and MicromeshR for this purpose.
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 1ight from reaching the canopy but mini-
mize the extent to which they block 1ight from reaching the pilots'
eyes. This is accomp]iéhed 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 between H and h. Below h,
visibility VIII is classified as Case III. Since Case II is relatively
trivial and since Case III is similar to Case I, we wi]1.5h0w the equa-

tions for Case I by_these two methods.

a. Analytical geométry method:

- ,d_]tane-k] - (A)
Iy CT¥kytan ©

Where VIA is visibility, c is the distance betwéenrlouvres, d] is the
thickness of the louvre, © 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 Appendi* I (incorporated with‘notations in the

computer programs).

b. Plane geometrical method:

v =k 1.(h-H) (Cot” cos o + Sin o) - y
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 Touvre 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 Touvres and shields to reduce reflections within the
cockpit. It has also documented twec computational procedures with their

respective computer programs for future analyses of cockpit light reflections.

CONCLUSION

Previous work in this series has demonstrated two mathematical
approaches to a specific reflection problem, namely, thé'refleétions_
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 apﬁroaches'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 problems could be prevented without

having to initiate costly re-designs and product improvement-programs.
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COL.

(4 Decimal)

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 Touvre
Lo

Beginning point



APPEMDIX II
PLANE GEOMETRIC METHOD

CcOL - INPUT SYMBOLIC HEADER
(3 Decimal) CODE CODE CODE
1-7 _ A ' [ L
.8-14 B - o B
15-21 C K K
22-28 D H HF
29-35 E a A
36-42 F 8] ' T
43-49 6 M o

COMMENT

Starting width of 1odvre
Program Increments dy

.003 -

L o

Distance between Touvres - -

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 RESEFARGH LA3

GINR BILAF 1S0S  AAY? DR,  CHIOY
$APTION | 3 .
KFIBTTNW 5

REXECUTE PUOTJAM

PYYYY\{YYYKYYXIH{{:{){YYYYXX\){YX){JX){!YY! x{y\yg)(yyyyyyxyyyyvyxxﬂyxxyyxxxyyx
¢ THIS PROG2a4d CALGUATES VISISILITY BETWFFN _OUWPFS

C  STARTING JHruF _VISIHILITY IS hQrATLQT Amn GO TNA

‘D«"]?\'T IFr B | o=

& BELe ALSH T GIVES S #  ThAT rnuupcorwn Tn CURVE,

Lo C_ PRIISES AVF  SET P _THAT vE may SFT SCALF R SET PFN
(B C THIS 1SFS A2, CHINI FUORMIUL AR e o aoe
12 CRXXXXAA XXX KEEXCLXALCIAXXKRX XD AR XXN XK XE XXX AXXNXEXXX XXX KX XXX XXX XX XXX
13 G DY (Y)Y 5 fJIT) ADE MY X K Y : .
la DIVEANSTON PY(2000) VIV (2000)
1= RF AL KP.KH.K), B gKR ek ]

: 2 K : R A RACTF O —FORM—FOR—GPAPHINMG——————————
17 CHMMHM IW].[ .
1# CIcnny IS asax sC&LF FRACTIGH
T3 [CORV=F#F3T—=1
20 CXVXYXYXY&YXY\YXYKYXYXYXYXYXYXYX Y YXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXY
21 C__Thls WAXT IE THE PROGRAN SETS LR THE GEAPHING :
27 : caLL IJTT
23 CALL SaCn (] e 15KR)
Pl 1¢}={v1_.
75 CAtL 38 (0, 1elD1aIFRY)
7hA PariSk ARTATN
77 ToI=TCO 1V
P Tvi=1Cady .
25 Chr i 1 30A (0] 4JD1eJFER)
30 DEISE FULLSEC '
S CXYXYXYXYKYXY(YXY(YKYXYXYXYXYXYXYKVXYYVXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXY
<+ et
a3 Q] F“*”ﬂf(lHl . .
3a CAanchouc)xqc»Aarwancnukanchagcnan(nanﬁnAQCDAQCDAncﬂARCDARCDABCDARC
= C .FACH UF Tq»gu H3VE & LFCT9AL PILACF<
A C = THFE DISTanCFE Fwom T=E BANEI
37 c u = DTSTANMCE LUNERS AF 1P THE DARNEL
L C C = DISTANCE =ETWEERN THE LIVERS
g c N1 = \'[\TH (7F LOLV Ry
%5t © Hrp———in- :|-—v =Bt
al. c F = A%GLE OF TAE PaxFl
42 - C IR TS NOT ACTUALY 1j<EN
T3 CARCDARCIARCIASCN ARG DARCUAR( I ARCIARCEARC T ARCNARCO AR ARCDARCARCIARCUABT
4a 7 RFAD(S e 1) AeHeCaN1 a2 eF ¢ Oin
4% 1 FORWAT(IET L 4)
an TF(A) et
a7 4 CdnTldwF
=+ CHSE T e T R FREES R AN
4G FA=F/nT7.2957795
il T=90/57.2957735
ST C RY K GY A<+ Tar HE]JGHT TP TRe Y 4XET
a7 HY= (44 (3+C) /COS(EA) ) #STM(T=FA) /COS(T=FA)
83 GY=(N+V/COAS(EAYI#STN(T=-Fa) /COS(TaFp)
Sa 07 GN=05NT=5Y
55 WRTTE (Ael])
i It A 2 € a8 D2 £
57 5 QFes ] o4y . GY?')
S8 WRITE(Aa30)AeBeCeU1laNZgEeNRGN] 4yHYRY
59 S FOURFTAT YOV e [FO 49 [UX g F [ZeR)
A4} WRITE (Ae31)
| A1 EORMAT (Y0 T PY(T) VIV (T) ')
2 wRITE (5e8)
(336 R FQwMAT(t V)
Ay (03 34546 S5 20 2 4006 40 05 4626 S 505428 S0 2 0 330 30 30 S0 A A2 S A R 33 SR S S S S B A R R R
ala C THE CALCILATIOM NF X & Y IN THFE FORM OF AN ARRAY TAKE PLACE HEAR
N EGO CONT LR
hH NO 709 1=1+2000
£HY9 RY (1) =0 EN
79 200 COCT L InE
71 IF(HY.HH PY (1) e ANDWPY(I) &GELRY)ER TO 300
7 A —F e
13 300 CONTI #)F
T4 V'[I:l.'!\




1711775 0933124 CRSLO v S ARMY AFROMFND KESFARCH AN

5 VIVIL)=VII

14 GO _T) 394

77 400 CONTI e

7R IF(PY([).GT 4Y)YGH T SC0

"IL‘\ /\n Tl\ Lv' -

"o 500 CﬂaTIldC

R, Kasp+ («+C)#COAS(EA) =018 TN (HA)

X K=Y T = ((FFCT S TR Oy F T =TS (e )y
B3 KY=KA /K2

A4 VT—]-U1/P%(QTl(rA)/Llk(rd)—ﬂl)/(1+K1*§TM(F6)/C0§(FA))
ns5 viv({li=vT

A6 600 COITTHIE

:l'? Fati X I\—-\AJ("!!_L".'\"I‘

AR 700 COaTT bIE

C 3 3 3¢ 34 30 2 46 4030 38 5f 5k 28 3 3F 5P 36 36 3 40 TF 3F S 4F 4R S8 ok g N S8k 30 2 3 30 46 35 3 3% 36 36 3 B I 3F 3 36 e 46 W 3 bbb b S e B A

q9) 5 CO!T[IHP
94z C__ XS THIS TS RPA?T OF Seaf T WS
93 YS=0R5 =G =e D]
Y4 DY 23 4=} .?nﬂd
Q5 oo InT 2 fv) AJF AY Ay 1o SOt v FLACTIAN B END QU APHING
95 Iﬂ]:lcﬂ!l*(uv(1)—”<«>1)/1\
97 Ivl=IC“JU*Vf'( )]
G- -ty rrﬂn"yrq‘)‘r
9y 51 COMTI MIF
100 229 TF (e T eMem N, 1 altida ekt Ju!nvﬂa T 732
101 \l%TT’-"(ﬁ.7)A.D‘{(T) TR ‘"(
107 T FORYAT(Y V1aTaadD¥ar [ F,70 lfﬁﬂ
103 232 CO~TTopls :
104 C MRITINA TH THE a*l A0T0 TRE L fae Sd B TEy TAVES DEACE L TR FOLLOWING
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Tt — R TR Py
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APPENDIX IV '
COMPUTER PROGRAM (b)



1/11775 VR12R:16 casLn 1" S ARMY AEROMED RESEARCH LLAB
1 $JOR ALAF 1505 AAH1 DR. HOLLY AND ES5 PARK
zZ FOPTTION
3 SOPTION NOMAP
4 FEXECUTE FORTRAN
) C THIS PROG2AM CALCUATES VISIBILITY BFTWFEN LOUVRES
7 C STARTING WHERE VISIBILITY IS GRFATEFST AND GOING
3 T UPFOR 27 _INCHES ALSUGIVES GRAPH THRMUGH THF
S C 6A81. ALSO IT GIVES # THAT CORRESPOND TO CURVE..
10 C___PAHSES ARE SET _UP THAT WE MAY SEY _SCAIF & SET _PEN _
11 C THIS USES DR, HOLLY AND F4 PARK FORMU| ASecceses
12 CYYYYYYYYYY YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY
3 €—IP1 &IV} ARE MY X—§& ¥ M SCALE FRACTIOMFARM FOR-—GRARHING
14 ComMON ID1s1IV1
15 C ICONV IS ™MAX SCALE FRACTION
18 ICONV=3r 3 T=1
17 CXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXYXY XYXYXYXYXYXYXYXYXYXYXYXY
18 C' _THIS PART OF THFE PROGRAM SETS ULIP THF GRAPHING
19 CALL INIT :
20 CALL SACN(1l,TIERR)
) CALLE—RENYD
22 ID1I=ICONY
23 Ivi=ICOny
Tadid CALL 1R AtO I 1D ITEREY
25 PAUSE FULLSC
- P4 To1=Ivi=0 .
27 CALL L30A(0s1+ID1sITCEPR)
28 PAUSE ORIGIT

i
f

30 WRITE (6e240)
31 ?40 FORMATSIHI) L R
= - L. l 1 = = U A
33 C FACH OF THESE HAVE 3 DECIMAL pIACES
34 C A = STARTING wIDTH OF | QUVYRF PROCRAM INCREMENTS BY ,003
35 C B = THE ANGEL OF THE LOUVRE
36 C C = DISTANCE BETWEEN L OUVRE
—3F € D =HE TGP RCON—TFO RE VARTIED-—FOR—P20 - INCHES RY .01
38 C BUT H IS THE CALCULATED LITTLE H
39 C E =THF 4FIGHT UF THE PANEL WHERE THF LOUVRE IS
47 C F = THE ANGLE T THE  PANEL
41 C 5 = THE DISTANCE FROM THE PANEL.
4P FARCDARCDAHCDARPDABCDARQDQRFDAQCDARCDARCBAPCDARCDARCDARCDABCDARCDAHCDAB
43 2 READ(S5¢1)AsBeCoDoEsF «G
44 1 FORMAT(7FT743) .
45 E—USER—TO CONVERT DEGREEST6-—RA4DTANS .
4h B=H/57 2957795
47 F=F/57,.,2957795%
(3] C N IS OSE AS THE STARTING POINT
49 N==20010
50 JE(A)3ebeds
51 4 CONTINUF
2. C**********************************************************************
54 [ # THE RIG DO LOOE INCPFNFNTQ AN THE WIDTH OF *
55 C #  THE LOUVQF.. THIS WILL PRAW THE DIFFFQENT #*
56 T T CURVEST TRE L ITTEE DO - COF DRAWS THE —
57 C #  CURVE IT QELF.. TOGETHFR THEY WILL DRAW 6.
58 ¢ ***%**4**********************%*********&*********
53 g9 DO 20 J=1+6
21 Dl“Q—!P&r\&SIAl:\L #GIN(3=F)
62 TAN=SIN (B=F) /COS(B=F)* (G+ (C+E)#COS(F)=A#CNS(R=F))
163 C H= THF HEIGHT AT WHICH VISIBILITY IS 100% :
a3: H—rLus+|AN g
65 =H=20
66 =

D
C***********ﬁ-**********%**************-l!--)‘:%*************%***************

67

67 DO 23 M=N4.2000

AQ IF _(M}Y33,55,60 _

70 33 CONTINUE .

71 C THESE ARE SET UP IN" MY FQUATION FCR wuyn

73 DI ER=H #1/ SIN(B-F)—A"E*SIN(F)*I/QIN(B -F)
74 DIVERZ2=(D=H)#COS(F)#SIN(R)




7711775 08:28:15 CRSLO . S ARMY AFROMEN RESFARCH LAR

(¢}
< |
i

75 THE VISIBLE PORTION RELOW THE LOUVRF ..
76 Y=C=D1V/ (DIVER+DIVER2)
77 GO. TO 66
78 55 CONTINUE
79 ol TUECE \‘DFZ SETLR Il\'l MY EﬁIII\TT{\nl ECR 11yu
R0 DIV=A# (D=H) #COS (B=
1 Q;ygafcos(Flﬁ(D:A*slm(R F)=(C+E)#SIN(F)) |
0 UL VERZ=51TN T 7= TUF L ¥ J“'LUW NP T=a>=tArste=rf7g
83 C V = THE VISIBLE PORTION ARGVE THE LNUVRE ..
84 y=C=DIV/(DIVER+DIVER?2)
85 66 CONTINVE
84 IF (V,GE, 0)K=K+]
g7 C—ID) & IV] ARQE MY X & Y TN SCALE FRACTION FORM FOD GRAPHING
88 ID1=ICONV# (D=D1) /40,01
82 IV1=ICONV*V/C .
U N lr\-lV-lIl_ClUl.l.V.l.—U
91 C SEAHE 3R 30 3R AT SR A R G S N I L TR R
92 ¢ #  THE REST OF THIS PROGRAM 1S FOR GRAPHING #
93 C F  PURPOSESs WRITING AN RFANCHING BACK
g4 [of ******#****#**#******#**#%*************#*********
95 CALL 1 8BDA(0,]1«ID1IFRR)
96 IF (M.EQ,0) CALL DELAY
97 IF (MeEQeQ)WRITE (6923010 9V sM
—58 FFA M 6T+ 500+ AND Ve F ot - AL —DELAY
99 IF (Ma6T o500, ANDV.LTL0)G0 TO 5
100 IF (MoEQJN)CALL OELAY
101 1F TRSEQL.TYUALL PENDUWN
102 IF (K<EQ.1)CALL DELAY
1013 229 IF (K FQalIWRITE(6e230)DeV e
104 232 CONTINUE
102 N
o b 24
i()g C***********#***********************#**********************%**&**%#**#a
108 D=D=,01
109 B CONTINUE
110 WRITE (6523010, V M
111 CALL DFEL
112 CALL BEqUP
113 20 A=A+.003
115 (‘\*ﬂ'********{-'K‘***********#**#*%**%**ﬁ#******#*******************#******{
116 80 10 2
17 CONTINUE _
16 230 FORMAT(70%yt  X=D=HIGH= 19F9.44 10X+ 1Y=V=VISIBLE=S 15F94414X516)

[y

CSUBGUBSUBSURSURSURSUBGURSURGU%\HHGUQcpncnRRUP:URSUnquan8§UR<URQURSURS
‘C SETS UP A Y FOR PLOTING PURGPICFS,
SUBRO Up

? DO 1 N

DETI 121N

ENTRY DE
00 4 N=I,

% A—V
CSUBSURSUBSURSURSURSUBSUBQHRQURSURQURQ“QCUQGHHQHQSHRQUP€U8§URSURSUR§URS

END
SASSIGN] LI8=HYBLIB DIR=HYRDIR
SSIGn?

3
5

.

GNZ 6 §L097000
A 000
Ial

AP
b
H— W
)O

:

T~NPRHONHOVRNI NP VRSO N U P W —O
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