ASSESSMENT OF DISTORTION OF WINDSHIELDS

Ay
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A method to messure distortion of Afrcraft wimidshicld is described. The fauessment
eriterin are based on distortion produced by a certain specific areas corresponding 1o the area
wovercd in form perception by the human eve. Since visual aciiity is maximum in Lhe fovaa, the
permitled devigtion of objects is minimum at the centre of the area The maxunum deviation
permissible for dilferent angular disiances from the ccntre are worked oul on the bagis of
chunges in visual acuity for different angles from the foveas,

Use of vigibility of fringes formed by double gratings for localised distortion Js nlin

doseribed.

Introduction

[istortion in the aireralt ransparencies
can be expected to cause pilot errors and
fatipue 1o the pilot during flight. Optical
imperfections such as bull’s eves, embe-
dded foreign material, could be mistaken
as other objccts Dislortions interfers

with visual target detecrion and teduce

the ahilily 1o estimate the size. form and
distance of sighted objects causing annoy-

ing undulations in the contours of the

siphted objects, Somelimes the object
could be seen as double.

The extent to which parallel plane
pancls will cause apparent changes i1,
direction, size, shipe and distance of an
abserved object as well as the change in
the angle of parallax for two objecls al
different distances have been computed by
Cibix and Huber' The permitied in-

herent deviation error for good panel
material have been laid down as 3" of arc#,
Studies by Luczek® have qualified the
loss of visual range due to inclination

and material of the windshield e. g,
Perspex could produce a loss of visual

range as much as 3¥% at an angle
of 850°.

Test Proccdures Followed

While distortion is a recognised evil in
transparencics, however, itis dilicult to
detect and evaluate because distortion’ is
most disturbing during movement of the
eves or movement of the object. Sueh
movements are hard to incorporate inio
objective tesis.

The test procedure commanly followed
is to determine the deviation produced by
the muterial for normally incident rays.
The opticsl arrangement is as shown in
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Fig. 1. The screen has grid pattern Fig. 2 15 a photograph taken through @
driwn on il such that when the projected  windshield which is eleared by the crileris
image of the goid falls on 1he sceeen, the  based on the devialion of the prid Hines,
fwo erid patrerns merge together, The But based on photographic techuigue the
grid lines may deviate by the introduciion sime  windshield  shows e pral e
af the test objeet depending on the disto-  degree of distortion.  This  dilference
riion in ihe objecl. The recommended between  the two agsessment  echniques
muximum deviation 5 3 minute of arc. has arisen because the grid deviation is
based on point 1o poinl seanning while the
photogruphic technique takes (he wind-
shickl as & whole. Human visugl sEnning
( ! and perception, however. do correspond Lo
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neither of the above teehnigpes.

Visual Acuity and Angular Distances from

| /:_l.:::'-._‘_ ——— 1200 the Fovea
i TEai .
[m TEST pharcr When the pilot Jooks out through the

saten | windshicld his vision covers a certan aren
of the windshield, the perception gl

Fig. 1 demils depending on the visual acuily,
Another practicsl method to test for
distortion is 10 view or 1o photograph the T
objects through the completed windshield. 0 T
In one such test Brownt used 2 Bino-
culur camera to simulate pilot’s vision, 2
A rrid was placed behind the windshield, £ / k
The photograph showed erid  lines wavy 2 /\
or curved and angle between lines different ;_'__ | |
rom 907, 2 / [ \
-
2
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AMGLE FROM Fousas (pecRess),
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However the visual acuity diminishes
with the increase in anple away  from
the fovea, Fig. 3 gives the values of visuyl
acuity for differeny angles, from the foveq.

AN experiment  was conduited wilh
three subjeets to determine (e deviations
for different angular distances from  the
fovea within which twe point abjects are
Fig. 2 seem as one. Double lines with inereasing
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distance between them were presented o
the fovea and al various nngles lrom the
lowven, The distunce between the lines
when they were just seen a4 separate were
revordid,  The  average walues of  Lhe
maximun  seperation  pernussible  for
various angles from the fovea for the
three subjects is given in Table 1

From the forcpoing it cin be concluded
that in the assessment of distortion of the
windshicld, inslead of point (o poinl
seanning, o delinite area ol the windshield
shonld beexamined ot a time.. The wind-
shield should then be shitted to bring the
adjacemt ares normal to the rays, Tnou simi-
lar fashion this specific area should be exa-
mined for distortion. The process should
he continged to cover the 1otal windshield.
The specific: area recommended for this
Purgake a5 an angulararea of 13, as form
perception is possible within this angle.
The recommended maximum deviation
of the prejected grid frem the grid lines
on: the serecn are given in Table 1.

TABLLE 1

Minimum Angular Svparation And Angle From

Fuovea
Avcrags minimum
Rubject Angle from appulal sepalation
fovea for sceing double
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TADLE 11

Maximum Permissible Angulur Saparation

Angle From Foven Basimum Permissibie
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Fringes Formed By Double Gratings

In studying the distortion produced
which are more of a locaised nature,
accurate merhods to mensure devialion of
light rays-are necessary

The. (ringes Tormed by two gritings
when they are keps paraliel to cach other

Fie4
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could be wsed for this purpose® Lot
ARuand C D (Fip 4) be Llwo similar
gratings with grating é'emeni A" placed
at a distance D apart and let a plane waye
front of monochromatie lizhl be incident
on A B. Let P and Q be two exactly
lentica! points on the two gralings on the
normal and so be ' and Q Ler PP -
QY = n/owhere v isan integer



Consider the directions QR and Q' R’
normal 1o the gratings.
diffracted

Two rays are
these dircctions, the first
follow the path P Q and the second P Q.

If the path difference Q's is equal to
2m A
i

m

o the rays will reinforce at the
focus of & telescope objective.  When
Q% = (Zms 1) the rays will destruc-
tvely interfere.  If @ PQ - @n then
QR =D 0n
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Thus.is 2 A2 _
A my ., the rays will

reinforce.  Since the rays originate from
the poinl P, the image of the point P is
formed at the foca! plane of the telescope
objective. Similar peneils of rays start
from every element of the grating A B and
therefore an image of the grating A B is
fermed in the focal plane.

Where the plane wavefront passes
through localised distortions, the wave
front hecomes corrugated.  Since cach
band is formed from the contributions of
different secrions of the wavefront. corru-
gation of the wavefront affects the wvisibi-
lity of the bands. Depending on the
deerce of distortion the band systenr wiall
get deteriorated.  Band systems will vanish
whenever there 15 appreciable degree of
distartion the area <overing the
aralings,

n
Recommended procedure For Measurement
uf Dhstortion

a) Determine the wrea on the wind
shield which subfends 15" at pilot's eve.

1. A, M, K,
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This will depend on the distance of Lhe
pilat's eve from the windshield. For
practical  purpose  five  representative
vitlues miay be chosen as follows

1) Centre of the contral panel

i) Left end of the contral panel
iii)  Right end of the contral panel
iv)  Lefl side panel

vl Right side panel.

In measuring distortion of a particular
area, use the corresponding values of 15°
ures.

b} Mount the windshield ona platform
which can be moved transversely as well
as up ancd down,  (Fig. 5}

Fig. 3

¢j Ise the optical arrangement similar
to that described in (Fig. 1)

d) Starting From [eft hind  side edge
of panel, present an area of 1537 with its
centre normal o the ravs.

2) Observe the deviation of Lthe projec-
ted grid Tines from the lines drawn on the
sUTeLT.
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f) Similarly check other areas scanning  ragement given by Air Cdre. J H F Mane-
the windshield from left wo right and from  kshaw, AVSM, Air Officer Commanding
top (o bottom. Institute of Aviation Muedicine, during

: - these studies.
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