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FOREWORD

This report by Harold C. Glover, t. ProjectG eer, coO ek work conducted in the Aero Medicallaborator-y, Directorate of Researerh, IJght AirDevelopment Center. This investigation is pvrformdin suz:port of Frojec" No. 7157, "Iapovig VisualEfficiency of ',PIing.,

This report has been reviewd by Lt ColonelGeorge 0. aerson, USAT (MC), Chief, Vision Section.
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APSTRACT

An analysis is made of the effects upon visibility induced

by various transparencies through which aircrew members must perform

the visual tasks of flying. Ranges of light transmission and haze

values are established to define limits which are highly desirable,

values acceptable if other factors take precedence, and minimum

light transuission and maximum haze values which can be tolerated.

The further reduction in light tranamission induced by the angle

of incidence of sloping windshields and its effect upon night visi-

bility is evAluated.

iPJBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE CCMMANDM:

ACK BOL UD
w' Colonel. USAF (M)

Chief, Aero Medical laboratory

Directorate of Research
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Tirre increased usage of electrical conductive coatings on

defrostiny, or the ramovat1 of static charges imposes reductiw.B

in the light tran.ission nnd increases the haze values I

addition, the present trend among aircraft designers to elope

windshield3 at progressively steepcr angles for aerodynamic

reasons reduces further the amount of light transtittecd. Sne

increased altitude capability of present and future aircraft re-

quires the use of presurize-d helmets with viors whic iu'lier

reduce the amount or useful light for vision out of the aircraft.

The purrose of this investigation is to establish limits of light

tronitission and haze values for aircraft transparencies and visors

based upon the visibility requirements for aircraft pilotage.

These values should be useful as a guide in the development of

canopies, windshields and visors with adequate light transmiSsion

and sufficiently low haze values, to meet operational visual require-

I ments.
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LI(ET TEANSKSSTON AM HAZE FOR~'A? n~

Appoachn

Trt--prenc7 samples having various transmission and haze values

wre utilized to evaluate the effect of light transmis3ion and hase

upon visibility. Tests were conducted under a range of illumination

conditions corresponding to the rangiv from daylight to the darkest

night ronditions. Two types of test methods were employed. The first

van to evaluat, the visibility through the transparency samples using

Ih-i ULickiosh-1oss, Iov-Contrast t-e!!t c!.crtx developed by the Lighting

Research Laboratory, General Mectric Company, Cleveland, CMio. The

second method evaluated visibility through the various transparency

semples while, vie.Ing a laboratory developed )Maxinum-Contraat, Variable-

Size Toot Target.

The luckieah-Jfso low-Contrat test chart as used has teat numeralsI ranging from 3.9% to 37.0% contrast with the white background. This

taxt chart use viewed at a dietence, of five feet under controlled il-

lunination conaitiona to simulate the various natural light cozd'It5.oe

listed abo-e. Visual contrast threshold values were measured through

transpaeMc samples having various light tranemisaicia and haze values.

Theme, wre compared with velues obtained with unobstructed vision.

The Maxis-Contrast, Variable-Size Test Target consists of a

thin target which by rotation could present an apparent variable size

from zero to three inches In diamester. This target is painted a dull

black against a white background. The target is 24 inches in length

and ws viewed at a distance of 10 feet under varying light conditions.

The standard practice of off center fixation was followed during this
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testiug zo provide msaiaa visibility under the loy level or illiation

con dns empo d as a cheok on the results from the testing prograu,

Computations wre made to compare percentage changes in night Aky Lmeight-

nas which would effectively be produced by transmission looses due to the

transparencies. This analynis established limits of transission and bas.

valves based upon the visibiity requirements ror aircraft pilotage.

lAboratory tests revealed that any loss in light transmission a&Mects

visibility advereely during ni ghttim conditions. Meny military operations

are carried out under the very poorest viasbbility conditions, where even a

samll loss in light transmission my cause barely visible objects to becom

undetectable. Under these circumstances it is very important that the air-

creft transparencies have high light transalsolon values. It is equally

important for both day and ig±t visibility that the trano-srenoies

possess low base values.

The low light transmission value of windshields, which is caused by 1.he

large number of lamInatec layvrs tM.n great thickness, is further accentuated

by the high angle of incidence prevalent in new aircraft designs. Several

designs call for a windahield angle of incidence of 65 degrees. This angle

of incidence is responsible for reducinS the light transmission to e3% of

that as measured normal (90 degrees) to the surface (1Rsf. 1). Thus a wind-

shield with a transmission value of 83%, as measured nor=13y, has an ef-

fective transmission of 66./.% when installed at an angI4 of 65 degrees,

while a vinO"'hield with a transmission vall, of 75% hen an effective trans-

mission of 60% when installed at 65 degrees inclination. This Loss3 in l.4ht

WADC 711 55-55 2
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I transmission alters the visibility conditions considerably, snd effective-y

j (f reduces the apparent brightness of moonlight night sky conditions to moon-.

J lass night sky conditions, The moonless night sky conditions are very near

I the lover visibility limits. With this Amount of transmission loss, t!e

I pilot will be ux %ble to see uilighted aircraft through the windshield unless

a bright moonlit night condition prevails.

Since any reduction in visibility induced by transmission and haze

losses in the visor are superimposed upon those due to the aircraft trans-

parencies, the visor must have the very highest obtainable tranemission

values and the very lowest haze values.

The fcrlloiwng range of values has been established with consideration

given to the initial optical properties of tranaparent materials, windshield

angle of incidence, and the visibility requirements for night flying condi-

tions. In each instance the lover permissible limit is given for light

transmission and the higher permissible limit ror haze values.

TABLE!I

LIGHT TRANSMISSION AND HAZE VALUES

0 WINDSHIELDS CANOPIES VISORS

INZ UNCE ANGLL

I -IRBL
______ _________ 550 600 650 700

IHIGHLY Treiniaion 71% 74% 83% 99% 891% 90%
DESIRABLE Haze 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
VA.LUS

ACCEPTABLE IF Transmission 66% 69% 78% 93% 83% 86%
OTHEFACTORS H 1% 1% 1% 1% 1% 1%
TAKE PRECEINCE
NImrmU VALUS franmission 64% 67% 75% 89% 77% 79%

MAXhU M VALUE Hase 21 2% 2% 2% 2% 2%
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CONCLUSIONS:

'I
haze values obtainable f.r windshields, canopies and helmet

visors azro rquired to mst operational visnv requr-sementa.

2. That the light trasmaission requiremente fop windshields be

k-.ed upon the light trasnadtted at the angle of windshield

A slope, in addition to that value as masmed normal to its

surface.

.4

1 1. yisu l Factors in the Dssian of Military AfrcraAo. Haor

E. A. Pinson and Captain A. Chayanis, The Journal of

I A-tlon Medicine, Volum 17, Pml~T r 2, April 1946
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