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SU !!MARY 

Opaque shields can be used t o  channel l i q h t  and thereby reduce 

reflections w i t h i n  the cockpit. These shielding devices range from 

the standard glare shield on top  of the instrument panel t o  the more 

experimental use of L i g h t  Control FilmR and MicromeshR for  this purpose. 

Previous work in this series has demonstrated two mathematical approaches 

t o  a specific reflection problem in the AH-1 a i rcraf t ,  namely, the 

reflections coming from the port ion of canopy directly above the gunner's 

head. 

of these two approaches and t o  publish the computer programs (FORTRAN) 

for each approach for possible use by others. 

I t  was f e l t  t h a t  i t  would be useful t o  demonstrate the compatibility 

COL,  rdsc 
Commanding 



INTRODUCTION 

One technique o f  reducing the  r e f l e c t i o n s  o f  t he  instruments,  

d i a l s ,  e tc .  f rom the  t ransparent  enclosures i s  the  use o f  opaque louvres 

and sh ie lds .  I n  us ing these screening ma te r ia l s ,  one wants t o  maximize 

the  ex ten t  t o  which they b lock  l i g h t  f rom reaching the  canopy b u t  mini- 

mize the  ex ten t  t o  which they b lock  l i g h t  f rom reaching the  p i l o t s '  

eyes. This  i s  accomplished by choosing the  proper values f o r  t he  pos i -  

- t i o n ,  width,  spacing, angle, e t c .  o f  these sh ie lds .  

I n  a prev ious r e p o r t '  we showed a s e t  o f  mathemat ca l  equat ons for  

the  s o l u t i o n  o f  t h i s  problem i n  terms o f  a n a l y t i c  geometry. 

independently, the  problem has a l s o  been inves t i ga ted  by a d i f f e r e n t  

mathematical method, namely a p lane geometr ical  and t r i gonomet r i ca l  

method. The 1 a t t e r  method w i  11 be documented e l  sewhere2. 

the  d i f f e r e n t  mathematical de r i va t i ons ,  r e s u l t s  f rom these two the -  

o r e t i c a l  p red ic t i ons  o f  t he  reduc t ion  i n  i n t e r i o r  cockp i t  r e f l e c t i o n s  

were e s s e n t i a l l y  i d e n t i c a l .  

Q u i t e  

Regardless of 

The purposes o f  t h i s  r e p o r t  a re  t o  de- 

monstrate the  c o m p a t i b i l i t y  o f  these two t h e o r e t i c a l  p r e d i c t i o n s  and t o  

document these two FORTRAN computer programs. 

ANALYSIS 

Due t o  the  na ture  o f  the  problem, v i s i b i l i t y  has been c l a s s i f i e d  



into three cases. We denoted the projected points o f  the lower and 

higher points o f  the louvre to the vertical axis o f  the pilot's position 

by h and H respectively. 

Visibility V 

Case I concerns the visibility V I  above H. 

(Case 11) is the region between H and h. Below h, I1 
visibility V is classified as Case 111. Since Case 11 is relatively 

I 1 1  
trivial and since Case I 1 1  i s  similar to Case I, we will show the equa- 
tions for Case I by these two methods. -~ 

a. Analytical geometry method: 

dl tan 0 - kl v = 1  - 
IA C 1 + kl tan 0 

Where V is visibility, c is the distance between louvres, dl is the 
IA 

thickness of the louvre, 0 is the decline angle of the instrument panel 

and kl is constant. 

paper and are shown 

computer programs). 

All the symbols were explained in the original 

n Appendix I (incorporated with notations 

b. Plane geometrical method: 

n the 

V = K  1 (h-H) (Cota Cos 0 + Sin 0) 
I h sec (a-0) - 1 - a sin 0 sec (a-0) - [h-H Cos 0 Sin a) (B) B 

2 



Where VI 

t he  maximum he igh t ,  0 i s  the  dec l i ne  angle o f  the  inst rument  panel and 

c1 i s  t he  extended angle. 

i s  v i s i b i l i t y ,  K i s  constant,  h i s  the  minimum he igh t ,  H i s  
B 

A d e t a i l e d  explanat ion o f  t he  symbols i n  t h i s  equat ion i s  a l s o  g iven i n  

Appendix 11. 

SOLUTION 

Computer programs f o r  equat ions (A) and (B) are at tached i n  Appendices 

I11 and I V  respec t ive ly .  Comments and no ta t i ons  used have been added 

i n  the  programs except f o r  the  graphic  p o r t i o n  o f  t he  programs, which 

requ i red  a few c a l l s  f rom standard subrout ines,  and were p l o t t e d  through 

a h y b r i d  computer p l o t t e r 3 .  

Resul ts from both methods have been represented by two graphs 

(F igures 1 and 2 correspond t o  methods (A) and ( B )  respec t i ve l y . ) .  

were i n d i s t i n g u i s h a b l y  i d e n t i c a l .  (The v e r t i c a l  a x i s  showed the  nor-  

mal ized v i s i b i l i t y  and the  ho r i zon ta l  a x i s  was the  v e r t i c a l  d is tance 

They 

w i t h  respect  t o  a re ferenced ground p o i n t  i n  the  Car tes ian coord inates 

system. There are  s i x  curves i n  each graph w i t h  each curve represent ing  

a d i f f e r e n t  l ouv re  width.  These graphic  representa t ions  enabled us t o  

determine the  amount o f  v i s i b i l i t y  o f  a p i l o t  under a s e t  o f  predeter-  

mined cockp i t  parameters. 

3 



I n  shor t ,  t h i s  study has presented two d i f f e r e n t  mathematical 

formulat ions which produced i d e n t i c a l  so lu t i ons  f o r  the  ana lys is  o f  t h e  

use o f  opaque louvres and sh ie lds  t o  reduce r e f l e c t i o n s  w i t h i n  the  

cockp i t .  It has a l so  documented two computational procedures w i t h  t h e i r  

respec t ive  computer programs f o r  f u t u r e  analyses o f  c o c k p i t  l i g h t  r e f l e c t i o n s .  

CON C L U S I ON 

Previous work i n  t h i s  se r ies  has demonstrated two mathematical 

approaches t o  a s p e c i f i c  r e f l e c t i o n  problem, namely, the  r e f l e c t i o n s  

coming from the  p o r t i o n  o f  canopy d i r e c t l y  above the  gunner 's head. 

Although these two s tud ies  addressed a s p e c i f i c  r e f l e c t i o n  problem, they 

each represented the  modulus of a general approach t o  the  canopy r e f l e c -  

t i o n  problem. Therefore, i t  was f e l t  t h a t  i t  would be use fu l  t o  de- 

monstrate the  c o m p a t i b i l i t y  o f  these two approaches and t o  p u b l i s h  t h e  

computer programs f o r  each approach f o r  poss ib le  use by others.  

RECOMMENDAT IONS 

I n  f u t u r e  canopy design, i t  i s  recommended t h a t  an ana lys is  

s o r t  be c a r r i e d  ou t  p r i o r  t o  f a b r i c a t i o n  of t he  canopy and cockp 

o f  t h i s  

t. I n  

t h i s  way, some p o t e n t i a l  r e f l e c t i o n  problems could be prevented w i thou t  

having t o  i n i t i a t e  c o s t l y  re-designs and product  improvement programs. 

4 



REFERENCES 

1. Chiou, W.C. and Ho l ly ,  F.F., "The Use o f  Opaque Louvres and 
Shields t o  Reduce Ref lec t ions  Wi th in  the  Cockpit:  
Treatment", USAARL Report NO. 75-22, June 1975. 

A Mathematical 

2. Park, C.K. and Ho l ly ,  F.F., "The Use o f  Opaque Louvres and Shie lds 
To Reduce Ref lec t ions  Wi th in  the  Cockpit:  
and Plane Geometrical Approach," USAARL Report NO. 76-4, Sep 75. 

A Tr igonometr ica l  

3 .  We thank D r .  H.D. Jones o f  the  Hybr id  Computer and Analys is  
Branch, USAARL, f o r  es tab l i sh ing  the  p l o t  p o r t i o n  o f  t h e  
computer programs. 

5 



Q) c 
c, 
x 
P 
a 
Q) 

hi 
c, 
Q, a 

hi c 
d 

Q) 
F: 
cd 

. r i  
Q) c 

w 
0 

.rl 
c, 
0 
d 
7 ccr 
cd 





COL. INPUT 
( 4  Decimal) CODE 

1-7 A 

8-14 B 

19-21 C 

' Dl 

D2 

22-28 

29-35 

36-42 E 

43-49 ORGN 

APPENDIX , I  

ANALYTICAL GEOFIETRY METHOD 

SYMBOLIC HEADER 
CODE CODE 

a A 

b B 

C C 

D 
1 1 

d 

d2 D2 
0 E 

ORGN 

COMMENT 

Distance from 
panel 

Distance the  l ouv re  i s  
up the  panel 

Distance between t h e  
1 ouvres 

Width of louvre  

Width o f  louvre  

L O  

Beginning p o i n t  



APPEF!DIX I 1  

PLAF!E GEOMETRIC FTTHOD 

COL INPUT 
( 3  Decimal ) CODE 

1-7 A 

8-14 B 

15-21 C 

22-28 D 

29-35 E 

36-42 F 

43-49 G 

SYVBOL I C HEADER COMFlENT 
CODE CODE 

2 L S t a r t i n g  width o f  louvre  
Program Increments dy 
,003 

a B L a  

K K Distance between louvres - 

H HF S t a r t i n g  height  t o  be 

a A Height up the  panel 

O T L O  

var ied  - t 10 by .25 

M M Distance from panel 



APPENDIX I11 

COMPlITER PROGRAV (a )  
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APPENDIX IV 

COMPUTER PROGRAM (h) 
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