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FOREWORD

This repcrt by Harold C. Glover, ¢:. Froject
Fogineer, covere work conducted in the Asro Medical
Laboratory, Directorats of Research, Wright Adp
Development Center. This investigation was pesformed
in sugport of Projecy No. 7157, "Improvizg Visual
Efficiency of Flying.n

This report has been re

viswed by Lt Colopel
George 0. Enarson,

USAT (MC), Chief, Viston Section,




— e

J T T i

— —— e —— amne—

e e

ARSTRACT

An analysis is made of the effects upon visibility induced
by various transparencies through vhich aircrew members must perform
the visual tasks of flying. Ranges of light traresmission and haze
values are established to define limits which are higbly desirable,
values acceptable if other factors take precedence, and minimum
light transaission and meximum haze values which can be tolerated,
The further reduction in Jight transmission induced by the angle

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

bility is evaluated.

PUBLICATION REVIEW

This report has been reviewed and is aprroved,

FOR THE COMMANDER:

QM

JACK BOLLERUD

Colonei, USAT (M)

Chief, Aero Medical Laboratory
Directorate of Research
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INTRODUCTICN

"he incrensed usape of electrical conductive coatings orn
eircraft windshields and canoplies for the purpoge of defox:-:ng,

defrosting, or the removal of static charges impeses reductionz

in the light tranasmission rnd increaseg the haze values, In
additinn, the present trend among aircraft designers tn slope
windshields at progressively steepcr angles for aerodynamic
reasons reduces further the amount of light tranasriticd. 4Ine
increased altitude capability of present and future aircrafti re-
cuires the vse of pressurized helmets with vigore whica rusitiier
reduce tac amcunt of useful light for vision out of the aircraft.
The purpose of this investigation is to establish limits of light
trangnigsion and haze velues for aircraft transparencies and visors
based upon the visibility requirements for eirecraft pilotage,

These wvalues should be useful as a quide in the development of

cannjies, windshields and visors with adequats light trensmiassion

and suffici=zntly low haze values, to meet operational visual require-~

ment S.

WADC TR 55<55 iv
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LICHT TRANSMISSTON AFD HAZE REOUIDEMENTS TOR TRANSFAPENT ERCIOSURES

Approacn

Truvapusrency samples having various transmission end heze values

vere utilized to evaluate the effect of light transmission and hese

upon visibility. Tests were ~onducted under a range of illumination

conditicne corresponding to the rangs from daylight to the darkest

night conditions. Two types of test wethods wers employed. The first

was to evaluate the visibility through the transparency samples using

the Inckiosh-Moss, low-Contrasit test charts developed by the Lighting

Research laboratory, General Zlectric Compsny, Clewelsnd, Chio. The

second method evaluated visibility through the various transparency

sarples vhile viewing e hﬁoratory developed Maximm-Contrast, Veriable-
Size Test Target.

The luckiesh-Mcss Low~-Contrast test chart as used has test numerals

ranging from 3.9% to 37.0% contrast wvith the white background. This

tast chart uas viewed at a distence of five feet under conirolled 1l-
lumination conditions to simulate the various patural light coniitions
1isted above. Visual contrast threshold values were measured through

transperency samples having various light transmission and hage veluss.

These were comparesd vith veiuves obtained with unobstructed vision.

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

thin target which by rotation could present an apparent variable size

from sero to thres inches in diameter. This target is peinted a dull

tlack ageinst a vhite background. The target is 24 inches in length
and ves viewsd at a distance of 10 fset under varying light conditioms.

The standard practice of off center fixation was followed during this

WADC TR 55-55
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testing to provide meximum visibility under the lov level of illumination

conditions empioyed.

In addi*ion, and as a check on the resulis from ths testing progray,
computations were made to compare percentage changes in night sky toight-

neezs vhich would sffectively be nroduced by transmission losses due to the

transparencies., This analysis established limits of transzlission and hase

valuss based upon the visitility requirements for aircraft piiotage.

Discupsion

laboratory tests revealed that any loss in light transmission affects

viaibility adversely during nighttime conditions. Many military operations

are carried out under the very poorest visibility conditions, vhere even a

small loss in light transmissiorn may cause barely visidble objects to become

undetectablo. inder these circumstances it is very important that the air-

craft transparencies have high 1izht transaisaion values. It is equally

important for both day and i igiutiza> visibllity that the trans—arencies
possess low hase values.

The low light transmission value of windshields, vhich is caused by the
large number of laminatec l:iyers =1 great thickness, is further accentuated

by the high angls of incidencs prevalent in new aircraft designs. Several

designs call for a winduwhield angle of incidence of 65 degrees, This angle

of ineidence is -esponsidle for reducing the light transmission to 20% of

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

shield with a transmission value of 83%, as measured normaliy, has an ef-
fective transmission of 66.4% when installed at an angle of 65 degrees,
vhile 2 windahield with a transmission value of 75% hes an effe:tive trans-
mission of 60X vhen installsd at 65 degrees inclination. This .oss in 1ligh!

WADC TR 55-55% 2
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transmission alters the visibility conditions considerably, 2nd sffsctive.y

raduces the apparent brightness of moonlight night sky conditions to moon-

loss night sky conditions, The moonless night sky conditions are very neer

the lower visibility limits. With this amount of transmission loss, tio
pilol will be ursble to see unlighted airecraft through the windshield unless
a bright moonlit ni, ht condition prevails.

ovas

Since any reduction in visibility indvced 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 trazasmission

vaiues and the very lowsest haze values.

The fzllowing range of values has been establicshed with consideration
given tc the initial optical properties of tranasparent materials, windshield
angle of incidence, and the visibility requirements for night flying condi-

tions. In aach instance the lower permissible limit is given for light

transmission and the higher permissible limit ror huze vaiues.
TABLE 1

LIGHT TRANSMISSION AND HAZE VALUES

- WINDSHIELD3 CANOPIES| VISORS
INCTIENCE ANGLL
55¢ 600 65¢ 700

HIGHLY Transmission | 71% 7/3 83% 99% | 8of 90%
et Haze 0.5%] 0.5%| 0.5%| 0.58 0.5% | 0.5%
ACCEPTABLE I Tranemission |66% | 69% | 78% | 93% | 383% 86%
%BP“CTORS“ Hase 1% 1% 1% 18 | 1% 1%
MINDMOM VALUE Transmission | 64% 67% 75% 89% | 7% 79%
MAXIMUM VALUE Hasze 2% 2% 2% 2% 2% 2%

UALC TR 55-55 3
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CONCLUSIONS:

vransmissicn aud the very lowest
haze values obisinable for windshields, cenopies and helwet

visors &ré required to mest operational visusl requirements.

That the Jight travamission requiresmnte £5i* windshields be
h»sied upon the light transmitted at the angle of windshield

slope, in addition to that value as msazsured normal %o its

surface.

1.

¥ t t] mjor
E. A, Pinson and Captain A, Chapanis, The Journal of

Aviatiion Medicine, Volume 17, Mumbher 2, Lpril 1946

WADC TR “S-55




