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tics fr"~ 360 to I0(0 rnm spectral ranye of sixteeo Army air;'raft windscreen
snrnplei. Those %mplos were from six fixed wiu¶q aod seven rotary wing air-
craft windscreenis. We have found that the WL~tral transmittance varies from
at.le to ýatrml in the visible portion of the spectt um (i.e. , 360-700 tia) and,

'r'ýtnlns quite flit f~or all tice sawp'ies amsos the n,*ar infrared portion of the
*pectruc (iLe., 700 -1080 m~). th tinted saqple ir A.-1 H(ueycohra has about
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27% reduction from that of the clear one across the visible spectrum. This
reduction could constitute a dangerous loss of visibility for the aviator
+during periods of reduced illumination and at night. Furthermore, the varianceISfrom a flat spectral transmission would result in distorted color perception by
the aviator viewing through the tinted windscreen. , n short, the reference
data enable potential users of electro-optical devices such as night vision
goggles to compute the light stimulus presented to ti;'e aviator after trans-
mission through a transparency.
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"This report presents an analysis of the spectral transmission

characteristics from 360 to 1080 nm spectral range of sixteen ArrV
4-1

aircraft windscreen samples. Those samples were from six fixed wing and

seven rotary wing aircraft windscreens. We have found that the spectral

transmittance varies from sample to sample in the visible portion of the

spectrwn (i.e., 360-700 nm) and remains quite flat for all the samples

across the near infrared portion of the spectrum (i.e., 700 - 1080 rnn).

The tinted sample in AN-I Hueycobra has about 27% reduction from that of

the clear one across the visible spectrum. This reduction could con-

stitut* a dangerous loss of visibility for the aviator during periods of

reduced illmination and at night. Furthermore, the variance from a

flat -pectral transmission would rqsult in distorted color perception by

the aviator viewing through the tinted windscreen. In short, the

reference data enable potential users of electro-optical devices such a,

night vision goggles to compue the light stimulus presented to the

aviator after tfonsmission through a traosparency.
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INTRODUCTION

The increasing application of electro-optical devices such as night
vision goggles as aids in night flightq-r 'ivnngp- pt1?demands a
prerequisite evaluation of the optical Oqality and the visual detection
thresholds of those devices when they are-viewed through the aircraft
windscreen., As a consequence, it is important to investigate the
spectral transmission characteristics of aircraft windscreens in current
Army inyentory. The data enable potential users of electro-optical
devices to compute the amount of available visible as well as near
infrared radiation energy being transmitted through the windscreens to
the image intensifier tube.

Over the last few months, we have measured windscreen spectral
transmittances from 400 to 800 nm1,2 and from 700 to 1100 nm'1,. This
report presents a list of windscreen spectral transmittances of six
fixed wing and.seven rotary wing Army aircraft which is not available
elsewhere in the literature.

METHODOLOGY

a. Samples:

(1) The Fixed Wing Aircraft (total seven saples).

(a) 0-1 (Bird Dog) - A two-place liaison/observation aircraft
manufactutvd by Cessna Aircraft Co., Wichita, Kansas,

(b) OV-1 (Mohawk) - A two-place observation/surveillance airplatic
made by Gruman Aircraft Engineering Co., Bethpage, Long Island, N.Y.

(c) U6 (Beaver) - A six-place utility aircraft by de Havilland
Aircraft of Canada, Ltd.. 0ownsview, Ootario.

(d) T41 -- A four-place, single engine trainer by Cessna Aircraft
Co.. Witcaý,ii, Kansai, (forwed edge sw)e).

fe) 1-ýil (flat/unfomed edqe sauple).I() T-4 - A tour-place in~truawt/transition trainer by Beedh
Aircraft Corp.. Wichita, Kansas.

(2) To Rotary Wie, Aircraft (total eight sawples).

(a) Yh-13 (Sioux) - A three-place observation/training helicopter
(0l4-13 i Model) made by Bell Helicopter Co., Fort Worth, Texas.



(b) TH-55/0H-6A -TH-55 is a two-place primary trainer helicopter
Dy Hughes Tool Co., Aircraft Div., Culver City, CA. OP1-6rA (C.cMruse) is a
four-place light observation helicopter also ;rw~nufactured by Hughes Tool
Co.

(c) OH-58 (Kiowa) - A four-seated observation helicopter by Bell
Helicopter Co.., Fort Worth, Texas.

(d) CH-47 (Chinook) - A medium transport helicopter by Bo~nq
Vertol Division, Norton, PA.

(e) CH-54 (Tarbe) - A heavy lift cargo helicopter by Sikorsky
Aircraft Division, Stratford, Conn. (The same windscreen material is
also used in CH-34 [Choctaw) and CH-37 [Mojave] helicopters manufactured
also by Sikorsky Aircraft Division.)

(f) UH-l (Iroquois [nickname Huey]) - A nine-place utility heli-
copter by Bell Heli~copter Co., Fort Worth, Texas.

(9) AH-IG (Hueycobra) - A two-place armed helicopter by Bell Heli-I copter (the sample is a clear transparent color).
Nh Ai1-IG (tinted sample).

All the sample diamnsoas are 2 X 2 inches excopt the one for CH-47 is

3 X 3 inches.

b. Appvatus -~ The light source was a Macboth daylight lafti witha
75 watt Viesti nijt-mse tungsten light bulb. The data acquisition unit was
the Tektronix kS (rapid stcan spectrtxter) and UWO (digital procuising
oscilloscope) with aminicceputer POP 11/05 and its accessories. Tito
digiltal processing oscillt)%cope contains a signwal acquisition U~nit, 6
displa~y unit and a piNcesior. The processor which has the ability to
digitizo an acquired wavtsforv provides an interface with a minicon~uter.
The rapidl ican spectmwter is capable of scatiniqi the opt4cal spectrum
from 300 nm (ultraviole~)to 14 m(erif e) The spectrum4eter
uses a Czerny-Turmsr gt'~ting mwofochromator without an exit slit. The,
spectral output of tOw monochrator is t'vcused ooto the t~rq~et Of a
vidicon tube wher'e tho spectruat is- stored as an electrical charge image.
An electron beam per'xodically scans across the vidicort tar~et converting
the chirqe isage int~o an electronic signal that is in turni poclossed by
the plug-in unit ir, the digltai processing oscilloscope. The entire
optical cowut~atici can be achieved by the software programing.

c. Proctduve an ksin - The execution steps watre: ',I) obtain
energy poowr sp,'cruiswithiut sai~)e through RSS and store in OK.
meoxry locatior. B; (2) obtain energy power tw~ctrum transmi2tted through
a Sa~le and -store in location C; (3) obtain energy p&we~r spctrumi of
attient (back-4riornd) ligat and store in location 0; (4) subtract 6 and E



from D and divide C by B and store in location A. The computer program
which was presented in a previous report3 was used to execute the above
stops automatically by pushing DPO control panel button #1 or typing"*0TO 100" on the teletype.

RESULTS

Figures I to 15 show the spectral transmittance (ST) of samples 1
to 15 respectively. Since the wlrdscreen materials are anisotropic
media, the ST is in general a function of the sample thickness. For
example, the average transmittance for 6 nn thick UN-I sample is 90% and
for 12 mm Is 74%. The average transmittance for 6.82 mm thick UBD
sample is 80% and for 13.64 mm is about 58%. The thickness of each
sa~le is shown in Table 1. Also for the purpose of comparison, we
placed the T-41 formed sample and the unformed sample on the same page
as well as the SM-1G clear sample and the tinted sample,

0I ASS ICON

Spectral transmittance (STI varies from sample to sarple. In
general, the ST for clear windscreen samples is flatly distributed
across the spectrum. Since sample 4, 5, 6. and 1i5 are colored, theIr
spectral transmission characteristics do not uniformly distribute across
the spectrum. For exL.ple, in the visible range of the U80/U8F sample.
the ST is about 90% atWO nm and about 80% at 650 mi. In the T-41
forwd sample, the ST is about 80% at 540 nm and only about 60% at 620
rnm. The similar situation appears for the tinted AH-1 s4mpte which has
only about 551 ST at 600 (.

On t4e other hand, the STs for all the sample% in the near IR range
(fro* 700 to 1080 nm) possess the follohv; general characteristics: (1)
thwy are relative flat throughout this spectral ranje; and (2) the
average transmittance is from 85% to 92%. We employed the i~ckmar, Kodel
24 spctft ohotkveter (made by Beckman Instr•,-imnt Inc., Fullerton. CA
9263") to obtain the measurment below 400 wm and wt also verif itd socw,
of tMe data bj this aethod. We notice that the rate of decrewuent in ST
at the lower end of the- spectrum varies fvvo sample to sample. For
e~ ~le,, at 360 ra, T-42 sample is about 55% while TH-13 saMle is 01.
In general, lhelow 350 no ost windscreen slaples do not transsit any
light at all.

In co4clusion, we have investigated spectral transmission char-
acteristics of si-.teen Arny aircraft windscreen samples. They were from
six fixed wing erd seven rotary wing aircraft vindscreens. For com-
parison Puriposes, tw s#Mles from the saeze aircraft (that i% T-41
formed edge and unformed edge) were tested. We also "easured the
Spctral tranwittances of clear and tinted AM-IG Hlueycobra windscreen
swmles. ie have fourvd that the tinted sable has about 27% ST reduc-
tfog from that of the clear saxple across the visible spectrum. This

3



reduction of ST CGuld constitute a dangerous loss of visibility for the
aviator,. especially during periods of reduced illumination and at night.
Furthermore, the variance from a flat spectral transmission would result
in distorted color perception by the aviator viewing through the tinted
windscreen. Detailed review and discussion on the visual perceptual
effect of the tinted windscreen have been available elsewhere'. Finally,
we would like to point out that CH-54 windscreen material is the same as
that of the one used in CH-34 and CH-37. Thus our study has covered
most of the current Army aircraft inventory. Further study will be
conducted on the windscreens of future generation aircraft such at UTTAS
and AAH when those samples are made available to us.



Thbl.E 1 - SAM4PLE IHICKNESS

Fixed Wing Samnples Thickness jin mm)

(ai) 0-1 (Bird Dog) 3.35

(b) OV-1 (Mohawk) 4.26

() U6 (de Havilland) 6.31

(d) M8I/U8F (Seminole) 6.82

(e.) T-41 Cessna (formed) 3.00

J(f) -41 Cessna (unforved) 2.50

(9) T-42 Beech 6.19

'(b) H-,53 -6A (I Cayte) 2.44

(c) (4-.1 (Kiowa) 2q%.0

(e) 04-47 (Chittok) 7,40

(f) C4-S4(Th~~e) .25

(g) AH-IG (Otuyctbra - clear) 4.I1

(h) •4-l3 (Hueycobra - tinted) 5.50

.. 50
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