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FOREWORD

Tests conducted during BIS A-7E-03 nuc lear weapons trials
at the Naval Weapons Evaluat ion Faci l i ty , Kir t land Air Force
Base , Albuquerque , New Mexico , in November 1969 revea led
deficiencies which reduced thermal radiation closure (TRC)
effectiveness due to li ght leaks into the cockpit. This
report presents results of tests to evaluate TRC modifica-
tions being incorporated in A-7E aircraft No. 318 and
subsequent which were intended to eliminate light leaks
previously defined .

These studies were conducted under AIRTASI ( 34O340B/
206B / 1F32-523—40 1 dated 7 August  1970 from Naval  A i r  Systems
Command (A I R-530323 ) .
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AB STRACT

~Tests deta i led in this report were conduc ted by the
Naval Weapons Eva luat ion  Fac i l i ty  to eva lua te  e f fec t i veness
of thermal radiat ion c losure (TRC ) modi f ica t ions developed
by LTV to e l iminate  light leaks def ined during BI S-A7E-03
nuc lear weapons trials. Leakage eval uations were made
before TRC modification , after TRC mod i fica t ion , and follow-
ing 100 repetitive TRC actuations. Results indicated that
the modi f ica t ion did e l iminate leak paths prese nt at corners
of the cow l ing ,  b u t  h igh -tr ans mi ssiv ity areas exist along
the in ter face between the aft  movable segment and the fixed
segment which are not cons idered in the modi f icat ion .
Further , pinpoint  l ight leaks were observe d at the HUD
cowl ing inter face which  allowed li ght to shine direc tly into
the pilot’ s eyes , a most undesirable situation . Measure-
ments of ambient light levels in the cockpit were well wi thin
specification in spite of the high transmi ssion areas along
the fixed segment interface. It was demonstrated that a seal
along this interface can reduce transmi tted light to speci-
fication tolerances. Through proper seal installation and
elim ination of light leaks from sources other than the TRC ,
the level  of all light transmi tted to the cockp i t  area can
be brought within specification tolerances.
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INTRODUCTION

Thermal radi ati on closure (TRC) tests con duc ted in
November 1969 during BIS A-7E-03 revealed deficiencies
which reduced effectiveness of the TRC because of ligh t
leaks in the cockpit area. These deficiencies were
defined on BIS Y e l l o w  Sheet NWEF - l4  dated 26 November 1969.
To a l le viate problems defined , the Vought Ae ronautical
Division of LTV Corporation proposed modifications , which
are being installed in aircraft No. 318 and subsequent.
A review of proposed modifications by NWEF per sonnel on
5 November 1970 at LIV Corporation , Dallas , Texas , was
inconcl usive since test conditions were not imposed and
the aircraft inspected was not fully modified. It was
recommended that changes being installed in A-7E aircraft
No. 318 and subsequent be incorporated i n  A—7 E aircraft
BuNo 156739 (No. 6), assigned to NWEF , for futher evaluation.
On 30 December 1970 , parts and marked drawings as required
for retrofi t were sent to NWEF for modificati on of
BuNo 156739.

Prior to modification and testing, the aircraft was
flown to NAS Cecil Field for incorporation of Airframe
Chan ge (AFC) 111 by the LIV mod team. At this time , the
p ressure regula tor va l ve wa s cha nged to en sure TRC ac tua ti on
at 200 psi rather than 445 psi . Following AFC 111 installa-
tion , the aircraft returned to NWEF on 22 March 1971 . An

• attempt was made to eliminate all light leaks from sources
other than the TRC. Specifically, both access panels located
forward of the Heads Up Display (HUD) on the cowling were
reseale d , and adjustments were made to the rubber seals
around the HUD.

P U R P O S E

The purpose of this test was to determi ne If modi f icat ions
of the TRC proposed by LIV Vo ught Ae rc iaut ics D iv is ion  enable
the A — 7E TRC to meet A—7E A i r c ra f t  Deta i l  Spec i f i ca t i on
SD— 555-5—l , Paragraph 3.7.1.3.1.6(6). This paragraph
sti pula tes: “(6) VISIBLE LIGHT TRANSMISSION - When the
closed system Is exposed to bright light , no direct trans-
mission of light to the cockpit shall be permi tted. Penetra-
tion of light through the sh ield shall not exceed 0.01% of
the outside light level. ”

1
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D I S C U S S I O N

PHASE I TESTS

Phase I tests were conducte d on 23 March 1971 in the
NWEF hangar to identify light leaks existent prior to
retrofit. Four 1 ,000-watt quartz — iodide phot o floodlamps ,
two on each side of the aircraft , were positioned on main-
tenance stands as shown in Fig. 1. Lamps were positioned
so that a uniform ambient light Intensity of approximately
3, 000 footcandles was measured in the cockpi t .

The TRC was marked o f f  into 5- inch square segments as
illustrate d by Fig. 2 so that exac t  pos i t i on  of any leaks
observed could be specificall y defi ned . All closure
actuat ions were made pneumatically and a motion picture
record of each actuation was made. To preclude activation
of cockpit white floodl i ghts , circuit breaker CB3043 was
pulled . All instrumentation lights were covered with
black tape.

Visual observation revealed the following leakage points :

1. Major transmission areas on both left and right
sides at positions 5-6 and 6— 6 (Fi g. 2) along the interface
between the fixe d segment and the movable segment , with
particular emphasis on the area around the metal -slider
hinge.

2.  Major transmission are a directly aft of the pilo t ’ s
seat along the rear edge of the af t  movable  segment at
pos i t ions  L — l — l O  and R — l — l O .

3. Maj or l ight leaks , apparent ly  d i rec t , at le f t  and
right corners of the cowling with the right-hand leak
directly above the standby compass. The left -hand leak
appeared slightly worse than the right. Another cowling
leak on the left—hand side was attributable to a hole in
the cowling.

4. Major transmission area at positions L-5-2 and
L— 6— 2 (Fig. 2) along the interface between the forward and
cen ter movable segments .

5. Numerous scratches visable in the closure material.
The forward movable segment appeared slightly more trans-
lucent than the center and aft movable segments .

2
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FIGURE 1. LAMP POSITIONING , PHA S E I TE STS
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FIGURE 2. SEGMENT MARKINGS FOR POSITION IDENTIFICATION
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6. Major l igh t  leaks noted along HUD seal areas on left
and right s ides  of the HUD at i ts in ter face w i th  the cow l ing .

Ambient internal light levels were not measured during
Phase I tests . Nor was any attemp t made to measure the
magnitude of leaks observed .’ Seal areas along the interfaces
of the movable segments revealed no unacceptable leakage
except as previously noted. Following visual observations ,
the TRC was pneumatically cycled ten times from the READY
position (Fig. 3). No significant changes in leakage
characteristics were noted.

PHASE II TESTS

Phase II was initiated 25 March 1971 and entailed in —
corporation of retrofit changes defined by LTV letter
2-5l83O/OL—3584 date d 30 December 1970 . Concurrent with
retrofit operations , investigations were conducted to
establish sources of light leaks observed and to determine
if these leaks would be corrected by retrofit.

The gross leak area af t  of the sea t  a long the rear edge
of the aft  movable  segment was t raced to lack  of a seal  for
a length of approximatel y  12 inches a long the top per iphery
of the fixed segment (Fig. 4) .  LTV was contacted to dete r-
mine if for some reason lack of a seal at this point was
limi ted to a i r c ra f t  BuNo 156739 . It was es tab l i shed  that
the only seal  a long the in ter face between the af t  movable
segment and the fixed segment is provided by the absorber
(LIV part No. 215-2 1136— 9), and that this condition is
commo n to all A-7E aircraft.

Lack of a seal a long the forward edge of the f i xed seg-
ment (F ig.  4) was a lso determi ned to be the cause of light
t ransmiss ion  note d at pos i t ions 5-6 and 6—6 a long the inter-
face between the af t  movable  segment and the f ixe d segment
In the area of the m e t a l — s l i d e r hinge on both le f t— and
right-hand sides.

It was noted that seals (LTV part Nos. 218— 21136-7
and -8) at left and right corners of the cowling had not
been installed during incorporation of AFC 111 (Fig. 5).
These seals were installed as part of the retrofit operation
(Fig. 6). Figure 5, sheet 5 of 6, of AFC i ll shows the
218-21136-7 and -8 seals as rectangular , while the marked
drawing (218-21136 , sheet 3) furnished NWEF indicat es that
these seals should be cut to fit. Difficulties encounte red
du ring seal i n s t a l l a t i o n  revea led  that a hand — fit operation

5
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FIGURE 3. THER MAL RADIATION CLOSURE POSITIONS
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is necessary to eliminate all leakage paths. AFC 1 1 1 does
not specify the requirement for a hand fit operation.

An attempt was made to seal  the hole in the cowl ing  on
the le f t—hand side , as indicated by the seal mater ial
v i s ib le  to the right of LIV part 218-2 1136- 7 up approx imate ly
4 inches along the cowling (Fig. 6).

No problems were encountere d either with installation of
the sponge rubber wedges (LIV part No. 218-21704), installa-
tion of seals (LIV part Nos . 215-21136-58 and -127) as shown
in Fig. 7 , or w i th  rounding notch corners (LIV drawing
218-21136 , sheet 2) on the aft movable segment (Fig. 7).
The radius of the notch corner was not defined specifically,
but was dete rmined to be 0.3125 inch by scaling fro m the
drawing. A gauge of this radius was used.

Adhesive was allowed to dry overn i ght , an d Ph a se II
measurements were made 26 March 1971 at approximately
1000 hours . The aircraft was positioned on the flight line
facing north in direct sunlight. Ambient light level in the
cockpit with the TRC open measure d a uniform 8,000 foot-
candle s. After manual closure , ambient internal levels at
pilot eye level were determined in four quadrants (left fwd ,
left aft, right fwd , and right aft). Meter readings in-
dicated 0.13 footcandle in the fwd quadrants , and 0.13 to
0.26 in aft quadrants . Since the transmission specification

• defines 0.01% of extern al incident light as acceptable , a
maximum internal level of 0.8 footcandle was within speci-
fication. Light transmission values ranged from 0.13 to
0.26 footcandle depending upon position measured and exist-
ence of external scratches. All metered readings of light
directly transmitted through the material were well within
specification values. Mete r readings at left and right
cowling seals indicated a transmission level of 0.5 foot-
candle. Therefore , the retrofit to the cowling seals (LIV
part No. 218 -21136-7 and -8) reduced the t ransmi t ted l ight
level below spec ification values .

Considerable leakage was still noted along the seam
between the center and aft movable segments on both left-
and right—hand sides through positions 6-5 , 5— 6 , and 4— 8.
Measurements indicated a value well in excess of 1 foot-
candle along each interface. Further , the leak aft of the
seat along the rear edge of the aft movable segment measured

• greater than 1 footcandle at a distance of approximately
16 inches.

10
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Leakage points were still noted at the HUD seals , e ven
though further adjustments had been made following Phase I
tests . Following readings taken after manual closure , the
TRC was pneumatically actuated twice with a diffe rent
observer In the cockpi t .  Along w i th  the leaks prev ious ly
noted , this observer noted considerable light transmission
along the me ta l—s l i de r  hinge in posi t ions 6-3 , 6 — 4,  and 6-6
(Fig. 2) on both le f t — and ri ght—hand s ides.  The seal of
the hole In the cowl in g  was ine f fect ive  and again resul te d in
a high transmission area approximately 3 to 4 inches up
along the cowling on the left side .

PHASE III TEST S

Prior to Phase III testing, an attempt was made to
eliminate leakage areas at the interface between the aft
movable segment and the fixed segment (Fig. 4). Seal
material available at NWEF was bonded to the fixe d segment
both fo rward and aft of the absorber (LIV part No. 215-
21139 — 9 1) to complete the seal pattern around the f i xed
segment edge. Severe in ter ference problems were encounte re d
wi th  the mater ia ls  used. Par t i cu la r  problems invo lved  the
seal aft of the absorber along the periphery of the f i xed
se gment. Because of clearance variations during closure
operation , severe interference necessitated removal of the
aft seal installation. These problems could be minimized if
the seal were pos i t ioned  on the outs ide edge of the af t
movable segment rather than the fi xe d segment. There would
then be no interference during closure , and a seal would
result as the aft segment completed its mo lion. Installation
of seals along this interface was intended to demonstrate
that a complete seal along the fixed segment could eliminate
all remaining leakage paths y ie ld ing ou t -o f -spec i f i ca t ion
values , and not as a proposed f ix  in l ieu of an engineering
evaluat ion by LTV.

Phase III measurements were made 2 April 1971 with the
aircraft positioned on the flight line in sunlight and facing
north . Three sets of measure ments were made . Initial
measurements were taken after manual closure with the seals
bonded to the fixed segment forward of the absorber as in-
stalled afte r Phase II. Then , the se s eal s wer e remove d ,
the TRC was manuall y closed and measurements were repeated .
A third set of measurements was taken after a manual closure
following 100 cycles of the TRC. Data are tabulated in
Tab l es 1 , 2, and 3 respectively.

12
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TABLE 1

A-7E AIRCRAFT THERMAL RADIATION CLOSURE TESTS
PHASE III LIGHT LEAKAGE MEA SUREMENTS

DATA SHEET , BEFORE SEAL REMOVAL

Date : 2 April 1971 Aircraft BuNo .: 156739

Location: Flight line , south of Bldg 1002

Aircraft Position: Facing north

Weather Condition: Clear , bright sunlight

Ambient External Light Level: 8,000 footcandles

First Set of Measurements - 1000 Hrs to 1130 Hrs:

Amb i en t Internal Leve l s

Fwd right quadrant 0.13 footcandle
Fwd left quadrant . . . .  *   0.13 footcandle
Directly over pilot ’s head . . . . 0.13 footcandle
Aft right quadrant .  0.13 to

0.26 footcandle
Aft left quadrant . 0.13 to

0.26 footcandle

Areas of Maximum Light Transmission

Left side at cowling seal ,
left corner .  0.7 footcandle

Left side at slider hinge .    0.7 footcandle
Left side at notch cutout

(aft segment) . .  0.7 footcandle
Ri ght side at cowling seal ,

ri ght corner 0.7 footca ndle
Right side at slider h inge .  *  4.6 footcandles
Right side at notch cutout .    4.0 footcandles
Ri ght side at pushed-out seam
(in general are a of R-6-5)    180 footcandles

Ri ght side (ambient in
locat ion over SEL ENABLE
on r i gh t  c o n s o l e )  . . . .    16 f o o t c a n d l e s

Direct  leaks (four smal l
pinpoints ) in HUD sea l . .    No reading
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TABLE 1 — C O N T I N U E D

Areas of Maximu m Light Transmission (Continued)

Hole in cowling (left side ) . . . 4 footcand les
Leak directly behind seat

(R—l—lO and L— l— 1 O) . . . . . . 130 footcandles

Material Transm iss i v i t y  Measurement s

L e f t  S i d e

Square L-l L-2 L-3 L-4 L-5 L-6

1 0.32 0.35 0 .35 0.32 0 0
2 0.32 0 .35 0. 35 0.32 0 0
3 0.32 0. 35 0. 37 0 - Hinge 0.18 0
4 0. 20 0. 20 0. 20 0.20 0.20 0
5 0.20 0. 20 0. 20 0.20 0.20 0
6 0 .20 0. 20 0. 20 0.20 0.20 0
7 0.20 0.20 0.20 0.20 0
8 0.25 0. 20 0. 20 0.20
9 0.30 0. 26 0. 30

10 0.30

Righ t Side

Square R-l R-2 R-3 R-4 R-5 R—6

1 0.32 0.32 0 .32 0.32 0 0
2 0.32 0. 32 0.32 0.32 0 0
3 0.30 0 .32 0.36 0.33 0.18 0
4 0.20 0. 20 0 .20 0.20 0.18 0
5 0.20 0. 20 0.20 0.20 0.20 0-180
6 0.20 0. 20 0.20 0.20 0 .20-8
7 0.20 0. 20 0 .20 0. 20
8 0.20 0. 20 0.20 0.20-4
9 0.20 0. 26 0. 20

10 3.5

NOTE S:

1. Manual closure to prevent damage due to stiff seals
i ns ta l l ed  along fwd port io n of f i xed  segm ent.

2. Seam o n right -hand side open due to i n f lex ib i l i t y  of seal
ins ta l l ed  along fwd port ion of f i xed  segment.  Left-hand
sea l  I s  satisfactory .

14
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TABLE 2

A- 7E AI RCRAFT THERMAL RADIATION CLOSURE TESTS
PHASE III LIGHT LEAKA GE MEASUREMENTS

DATA SHEET , AFTE R SEAL REMOVAL

Date : 2 April 1971 Aircraft BuNo.: 156739

Location: Flight line , south of Bldg 1002

Aircraft Position: Facing north

Wea ther Con diti on: Clear , bri ght sunlight

Ambient External Light Level: 8,000 footcandles

Second Set of Measurements — 1 1 5 0  H r s  t o  12 3 0  H r s

Ambient Internal Leve ls

Fwd right quadrant  0.58 footcandle
Fwd left  quadrant  0 .40 foo tcand le
Di rect ly over p i lo t’ s head . . .  0.32 foot candle
Af t  right quadrant   0.32 to

0.45 foo tcand le
Aft left quadrant  .  0.32 to

0.45 footcandle

Areas of Maximum Light Transmission

Left side at cowl ing  seal
( le f t  corner) . . . .      Not taken

Left side at slider hinge     4.0 footcandles
Left side at notch cutout     4.0 footcandles
Left side (ambient in

location over left
console below hinge) .      65.0 footcandles

Right side at cowling seal
(right corner) . . .  0.84 footcandle

Right side at slider hinge     8.0 footcandles
Right side at notch cutout     4.0 footcandles
Ri ght side (ambient in

l o c a t i o n  o v e r  S E L  E N A B L E
on ri ght conso le )   65 .0 foo tcand les

Direct leaks in HIJD seal
area (4 po i nts ) . . .      No read i ng

15
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TABLE 2 - CONTIN UED

Areas of Maximum Light Tran smission (Continued)

Direct leak on right -hand
side , approxima tely a
0.25—inch diame ter
beam of light 1ocat~ 1
close to hinge 260 footcan dles

Leak directly behind seat . . . . 750 footcand les

NOTE S :

1. Left-  and r ight-hand sea ls  a long fwd por t ion of f i xedsegment removed .

2. Binding no longer present.

3. Mater ia l  t r ansm iss i v i t y  meas urements not repeated .

16
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TABLE 3

A- 7E AIRCRAFT THERMAL RADIATION CLOSURE TESTS
PHA SE III LIG H T LEA KA GE MEAS UREMENTS

DATA SHEET , AFTER 100 CYCLES

Date : 2 Ap ril 1971 Aircraft BuNo. : 156739

Location: Flight line , south of Bldg 1002

Aircraft Position: Facing north

Weather Condition: Clear , bri ght sunlight

Ambient External Light Level: 8,000 footcandles

Third Set of Measurements - 1500 Hrs

Ambient Internal Levels

Fwd right quadrant 0.32 footcandle
Fwd left quadrant 0.48 footcandle
Directly over pilot’ s head . . .  0.32 footcandle
Aft right quadrant  0.32 to

0.65 footcandle
Aft left quadrant .  0.45 to

0.70 footcandle

Areas of Max i mum Light Transm i s si on
Left side of cowling seal

(left corner) . . . .      0.7 footcandle
Left side at slider hinge     4.0 footcandles
Left side at notch cutout     3.6 footcandles
Left side (ambient In

location over left
console at hinge)  65.0 footcandles

Right side of cowling seal
(right corner)    * Not measured

Right side of slider hinge     1.0 footcandle
Right side of notch cutout   *  0.78 footcandle
Right side (ambient in

lo cation ove r SEL ENABLE
on right console) 65.0 footcandles

D i re ct leak i n HUD ( four
points) . . . . . . . . . . . . No reading
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TABLE 3 - CONTINUE D

Areas of Maximum Light Transmission (Continued )

Direct  leak on r igh t—hand
side prev ious ly  noted
now highly diffused  No reading

Leak directly behind seat . . * . 600 footcandles
Leak on cowl ing  at radius

loca ted  up approx imate l y
4 inches from edge on
right side * * . 36 footcand les

NOTE S:

1. Sun positioned west of aircraft (left side)

2. Ambient external l ight level - 8,000 footcandles

3. Measurements made after 100 actuat ions of closure
(30 were pneumatic).

18
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Because of considerable binding from the seals installed
on the fixed segment , the TRC was initially closed manually

e to prevent damage to the closure mechanism . It was noted
that the right seal (Fig. 8) was pushing against the closure
to such an extent that an excessive leak measuring 180 foot-
candles appeare d along the interface between the aft movab le

• segment and the fixed segment at positions R— 6-5 , R-5-6 ,
and R-4—8. Conversely, the seal on the left side worked
properly, and reduced all light transmission to a level of
0.7 footcandle which is within specification limits . The
second set  of measurements repeated af ter  removal of these
sea ls  (Tab le  2) revea led  that the reduct ion in li ght-
transmission levels was directly attributable to presence
of the seal material. Further , after seal removal , a direct
light leak approximately 0.25 inch in diameter and measuring
260 footcandles was noted on the right side near the hinge.

Considerable change was noted between light intensity
readings aft of the seal along the edge of the aft movable
segment in positions L - l— lO and R-l -lO from the initial to
the second set of measureme n ts . Readings varied from an
initial value of 130 footcandles to a second value of
750 footcandles in the same location. Presence of the side
seals may have helped maintain a more uniform contour in the
aft  movable segment during init ial measurements . Wi th  the
s e a l s  r e m o v e d , the aft movable segment probably relaxed ,
i nc reas ing  the c learance between the af t  movab le  segment
and the f i xed  segment , resu l t ing the obse rved  change in• t ransmi t ted l ight.

Ambient  internal l ight leve ls  are the aver age of
four mea surem ents m ade in each quadrant.  The increase in
ambient internal l ight leve ls  af ter removal of the s ide
seals previously discussed was probably caused by the increase
in t ransmi t ted l ight both aft  of the seat  and a long the
hinge areas. The ambient li ght differences between the
second and third readi ”gs was caused by the movemen t of the
sun to the left of the aircraft. All internal ambient
measurements were within specification tolerances.

Materia l transmission measurements were made with the
me te r in con~tact with the mater ial at each position .
Recorded values indicate mater ial transmissi on limits to
be we l l  w i t h i n  s p e c i f i c a t i o n  to le rances .

Although the seals added at the corners of the cowling
reduced -intensities e’. those points to accep table levels ,
a high transmission are a was present along the cowling on

19
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both left and right sides at the curved section i mmediately
above the patched hole as shown in Fig. 6. There was an
apparent mismatch between radius of the cowling and radius
of the fwd movable segment 0-f the TRC . Measurements of this
are a indicated a transmission level of 36 footcandles on the
right radius during the third set of readings taken. It was
not as severe earlier and seems to be reduced significantly
when the TRC is closed pneumatically.

Four direct light leaks , which allow light to shine
directly in the pilot ’s eyes , were noted thr oughout this
test series. Although they are not attributable to any
fault of the closure , these direct leaks must be eliminated
because of their position. Figure 9 defines these leak
locations. A shield attached to the fwd movable segment
could be positioned so that as the TRC closed , pinhole leaks
would be eliminated from the direct view of the pilot; or
a permanent seal could be added to the top portion of the
HUD control panel to eliminate leakage paths

Following completion of NWEF tests , two fleet aircraft
of VA -l47 , NA S Lemoore , were checked visually. This in-
spection revealed the same problems with seals along the aft
fixed segment and direct light leaks along the HUD seals .
Neither aircraft had the 200 psi pressure -regulator valve ,
and both revealed significant leaks at corners of the
cowling. No form-fitting of seals was noted. According to
the aircraft logbooks , A FC 111 was installed at the factory

• 

• prior to delivery . However , two features of AFC i ll (the
200 psi value and LTV part Nos. 218-21136-7 and — 8 seal in-
stallation) were not installed in either of the aircraft
inspected. Considerable light transmission along the metal -
slider hinge at the interfaces of all movable segments , and
smaller transmissions along the cowling radius approximately
3 to 4 inches up from the corners on each side were also
noted. In general , the same 1~ ght transmission problems
wer e noted at NAS Lemoore as were noted at NWEF. Overall
transmitted light to the cockp it are a appeared greater than
observed on the NWEF aircraft.

CONCLUSIONS

1. 9eals (LTV part Nos. 218-2 1136— 7 and -8) added to
left and right corners of the cowling reduce transmitted
light at these points to specified tolerance levels .

• 21
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2. Rounding of corners of the notch in the af t  movable
segment (LIV part  No. 215-21136 - 121 )  is an accep tab le  method
of relieving stress concentrations at notch corners.

3. No l ight leaks were noted between the movable seg-
m e n t s  i n  t he  a r e a s  p r o t e c t e d  by s i d e  seals (LTV part Nos.
215-21136-58 and -127) either before or afte r retrofit.

4. Wedge -shaped sponge rubber blocks (LIV part No. 218-
21704), added to the forward seal to prevent the seal lip
from collapsing and not extending over the cowl when closed ,
perfo rm this function effectively as ins talled. Ho we ver ,
the sponge rubber blocks also indicate a tendency to attain
a “set” under long -term storage which may eventually reduce
their effectiveness .

5. Severe light leaks exist at the interface between
the fixed segment (LIV part No. 215-21136-86) of the segment
assembly (LIV part No. 215-21136-90) and the external face
of the aft movable segment. Although the absorber (LTV
part No. 215-21136-91) acts as an effective seal along part
of this interface , the observed leaks are directly attribut-
able to lack of a seal forward and aft of the absorber along
the interface length .

6. Direct light leaks , which are supposed to be elimi-
nated by seal assemblies (LIV part Nos. 215-20078-187 , -188,
and -240), exist along the edges of the HU~ . However , adjust-
ments of these seals failed to remove four p inpoints of
direct light which shine into the pilot ’s eyes. These leaks
are not attributable to a fault of the TRC per se , but are
definitely serious because of their position.

7. Measurements of ambient light level inside the cock-
pit and away from the leakage points defined above indicate
ambient levels to be well within specification limits .

RECOMMENDATION S

1. Install a seal along the enti re interface between the
f i xed  segment of the segment assembly  and the a f t  movable
segment to ensure a reduct ion to s p e c i f i c a t i o n  leve ls  of al l
light transm itted to the cockpit , either directly or in-
di rec t ly .
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2. El iminate d i rect  l ight leaks to the p i lo t’ s eyes f r o m
posi t ions along the HUD.

3. Modify Fig. 5 , s h e e t  5 of 6 , of A FC ill to show that
cowl ing  sea ls  (2 18- 21136-7 and -8) must be cut to f it  as
required to e l iminate l eaks .

4. Require LIV to define the radius dim ension for the
radius to be added to the notch cutout shown in LIV drawing
No. 218-21136 , sheet 2.

24 
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APPEN D IX A

DETAILED TEST PR OCEDURE , LIG HT LEAKA GE TEST
OF A- 7E THERMAL RADIATION CLOSURE

25

— S. •
~~

•-_ ~ ~
- • • _ •• • • •

_ _  
•- ~~

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~ —



• • •

NWEF Report 1079

APPENDIX  A

6 Apri l  1971

DETAILED TEST PRO C EDURE
LIGHT LEAKAGE TEST OF A -7E THERMAL RADIATION CLOSURE

1. Tes t Plan No. : 71— 5

2 . Project  Officer: LCDR 3. E. Fordice , Ext 3151

3. Pro jec t  Engineer: L. L. Langdon , Ext 3151

4. O ther Key Personnel:

LI E. O ’Dell (Maintenance Department)
PHi Lenhoff (Photo Laboratory )
Mr. D. M. O’Connor (A ircraft Projects Department)

5. TA No.: A34034OB/206B/IF32-523-401

6. Al lotment No.: 246

7. Segment (Charge ) No.: 1102

8. Test Dates: 22-25 March 1971

9. O.D. No.: N/A

10. Hazard Form No.: N /A

11. Test  Locat ion:  NWEF Hangar Area Bldg 1002

12. Test Items: Modifications of A -7E a i r c ra f t  therma l
rajiation closure (TRC) as defined by:

a. LIV Draw ing No. 215—21136
b. LIV Draw ing No. 218-21136
c. LIV Draw ing No. 218-21704
d. Parts package w/218—2ll36-7 and -8 seals , 218-21704• wedge , 215—21136—58 seal , and Dow-Corning sea lant /

ad hes i ve
These items are intended to correct TRC light — leak dis-
crepancies as defined by NWEF BIS Yello w Sheet Report
No. NWEF —14 of 26 November 1969.
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13. Test Purpose: To determi ne whether or not the TRC
modi f icat ions def ined above meet the requirements of
Model A — 7E A i r c ra f t , De tail Spec i f i ca t i on  SD —5 55-5 - l  ,
Para. 3 .7 . 1.3.1.6(6)  which s t ipu la tes :  “ (6 )  VIS IBLE
LIGHT TRANSMISSION - W hen the c losed  system is exposed
to bright light , no direct transmission of light to the
cockpi t  shall be permitted. Penetrat ion of light
through the shie ld shal l  not exceed 0 .01% of the out-
side l ight leve l . ”

14. Test Description:

General. The test  w i l l  be conducted in three phases.
Phase I will entail evaluation of the TRC system as
presently installed in A— 7E aircraft BuNo 156739.
Phase II will entail installation and adjustment of
proposed modifications by NWEF maintenance personnel .
Phase III w i ll en ta i l e valua ti on o f th e mod ifi ed TRC
assembly to include repet itive testing .

Test Procedure. Prior to initiation of Phase I tests ,
a complete inspection of the IRC installation is required
to ensure that proper installation and maintenance have
been accomplished , and to veri fy elimination of all li ght
leaks into cockpit area other than those along the
closure seals . AFC 1 11 will be incorporated prior to test
initiation.

a. Phase I, Premodi f icat ion Tes t ing

Step 1. Assemble four quartz -iodide photo flood-
lamps around the cockpit as required to attain an
ambient uniform light inte nsity of 3,000 footcandles in
the cockpit.

Step 2. Photograph test  setup (overa l l  v i e w ) .

Step 3. Mark off c losure into 5—inch  squares with
aircraft centerline as dividing point between left and
right sides of the TRC. Photo graph identification
mark ings.

Step 4. Pneumat ically close TRC (motion picture of
ac tuation is required).

Step 5. Maintain TRC In closed position until
observer ’s eyes become accu stomed to the dark (approxi—
mately 30 minutes) or unti l direct light leaks can be
v isually observed.

28
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Ste p 6. Mark and record locat ions of all l ight leaks
v isua l ly  observed.  Photograph leakage areas as app l i—
cable.

Step 7. Open IRC .

Step 8. Pneumat ical ly  cyc le IRC open / c losed / open for
a total of ten actuat ions (motion picture of each
actuation is required). Record any changes to visual
l ight leaks in cockp it. Photograph as app l i cab le .

Step 9. Measure and record ambient l ight in tensi ty
in the cockpit area.

Step 10. Phase I complete .

b . Phase II , Modification Installation and Adjustment

Step 1. Instal l  and ad just  rubber tabs -in accord-
ance w i t h  LIV drawings 218-21 136-7 and — 8 using adhesive
provided . Sheet 3 of the drawing shows a half — size
pattern of parts . Close  canopy and c losure before
adhes ive  cures to check for f i t  and l ight sea l .  Move or
trim as required to e l iminate  l ight. Photograph tab
locat ions  before and after installation.

Step 2. Instal l  wedge-shaped sponge rubber block
(LTV drawing 218—21704) per LIV drawing 218-21136 ,
sheet 2. Blocks are to be bonded on one side only to
the r i ve ted  retainer s t r ip.  A heated probe may be used
to indent sponge to a l low space for r i ve t  heads . Photo-
graph i ns ta l l a t i on  procedures .

Step 3. Wi th  the TRC extended , check for l ight leaks
between s ides of the segments . If present , ensure s ide
sea ls  215—2 11 36-58  and —127  extend to each other.  The
ends may be bonded to each other. Enc losed  w i th  modif ica-
tion kit is a length of seal  mater ia l .  Ensure that the
seal is depressed 1/ 16 to 1/ 32 inch when c losure  segments
are assembled.  Use adhes ive to bui ld up under seal as
required to gain require d def lec t ion .  Photograph in-
s ta l l a t ion  procedures to include pos i t ion ing  of s ide
sea ls .

Step 4. Round corners of notch In rear of af t
movable segment 215 — 2 11 36—121  as shown on 218—21136 ,
sheet 2. Photograph notch area afte r removal operat ion .

29
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Step 5. A l l ow  ad hes ive  to cure ful ly before pro-
ceeding wi th  fu rther test ing.

Step 6. Position aircraft in bright sunlight on
flight line.

Ste p 7. Measure and re cord ambient l ight in tensi ty
in the cockpit area with TRC open .

Step 8. Manual ly c lose TRC wh i le  observer  in
cockpit.

Ste p 9. Maintain IRC in closed position until
observer ’ s eyes become accustomed to the dark (minimum
35 minutes) or unti l direct light leaks are observable.

Step 10. Record position of light leaks usually
observed. Photograph leakage areas as app l i cab le .

Step 11 . Measure and record ambient light intensity
levels in the cockpit at eye level in left fwd , right
fwd , left aft , and right aft quadrants . Average a total
of four readings from each quadrant.

Step 12. Measure and record intensity of l ight trans-
mitted directl y through IRC material .

Step 13. Measure and record intensity of light trans-
mitted at each v isua l  leak observed.

Step 14. Open TRC and record ambient leve l  of inci-
dent light.

Step 15. Pneumatically close TRC with observer in
cockpit (motion picture of actuation is required) .

Step 16. Record pos i t i on  of light leaks  v isua l l y
observed.  Photograph leakage areas as app l icab le .

Step 17. Open IRC and record ambient level  of
Incident l ight.

Step 18. Phase II complete .

b. Phase III , Post -Modification Testing (Repetitive
Testing)

Step 1. Install seals along edge of fixed segment
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on lef t  and ri ght s ides fo rward of absorber.  A l l ow
adhesive to dry thoroug hly. Photograph seal installation.

Step 2. Pos i t ion  a i r c ra f t  in bri ght sunl ight on
flight line.

Step 3. Measure and record ambient l ight Intensi ty
-in the cockp it are a with TRC open.

Step 4. Manually close TRC while observer in
cockpit.

Step 5. Maintain TRC in c losed  pos i t ion  until
observer ’s eyes become accustome d to the dark (minimum
35 minutes) or until direct light leaks are observable.

Step 6. Record position of light leaks visually
observed.  Photograph leakage areas as app l i cab le .

Step 7. Measure and record intensi ty of l ight
transmitte d d i rect ly  through the TRC mater ia l .

Ste p 8. Measure and record ambient l ight leve ls  in
the cockpit at eye level in left fwd , ri ght fwd , le f t
aft , and right aft quadrants . Average a total of four
readings from each quadrant.

Step 9. Measure and record in tensi ty  of l ight
transmit ted at each v isua l  leak observed .

Step 10. Open TRC and record ambient level of
inc ident li ght.

Step 11. Remove sea l s  i n s t a l l e d  on fi xed segment
during Ste p 1.

Step 12. Repeat Ste ps 4 through 10.

Step 13. Cycle TRC open /closed/open for a tOtc~l of
100 actuations (70 manual , 30 pneumat i c ) .  Completc
cyc l es i n groups o f ten. A f te r  each group of ten cyc les ,
record any chan ges in sys tem or indicat ions of li ght
leaks as observed  v i sua l l y  (mot ion p ic tures of each
pneumatic actuat ion are req uired) .

Step 14. Record pos i t i on  of l ight leaks v isua l l y
observed.  Note pa r t i cu la r ly  any changes in leaks wh ich
occurred during cyc l ing  operat ion.

31
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Step 15. Open TRC and record ambient  leve l  of
incident light.

Step 16. Repeat Steps 4 through 10.

Step 17. Phase III complete .

15. An t i c i pa ted  Behav ior  of lest Items During Test :  Phase I
tests should reveal presence of light leaks in existing
TRC installation. If modifications installed during
Phase II function as anticipated , all light leaks should
be eliminated. Penetration of light through the shield
shall not exceed 0.01% of the outside light level (2,000
footcandles minimum).

16. Data Requirements: All data indicated are required.
Data sheets are to be completed during testing. Data
sheets will be furnished by the project engineer.
Documentary photography is required as indicated.

17. Instrumentation Requirements : Light intensity meter —

Luna Pro by Gossen. Ran ge 0.016 through 32 ,000 foot—
cand les .

18. Test Equipment and Mater ia l  Requirements:

a. F lood l ight  array to be loca ted  in hangar area .  Four
1 ,000 wat t  quar tz - iod ide  lamps.

b. IRC modification kit.

c. Drop cords — 100 feet long - 4 each.
d. Cl ipboards  for data co l l ec t i on  as required.

e. Cue—board for photo identification.

f. Data sheets .

19. Storage Requirements : N/A

20. Handl ing Requirements : N /A

21. Assembly Requireme n ts : Phase II requires maintenance
personnel for TRC rework.

22. Loadin g Requirements : N/A
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23. Flight Requirements : N/A

24. Recovery Requirements : N/A

25. Safe ty Precautions:

a. Use caution in actuating TRC . Ensure all pe rsonnel
clear before actuation.

b. Do not look into quar tz  lamps when on , or eye damage
may result .

26. Services Required:

a. Photogr aphic  coverage by Photo Branch as required.
b. Installation of retrofit kit and operation of closure
by Mainten ance personnel .

27. R~ ports Requi red by Projec t  Of f i  cer and / or  Engi neer:
Complete data shee ts and expos ed film strips.
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