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FOREWORD  Mipy yOSSIBLY Hruﬂ’t,"m”“‘n" QUALIry,

This report was prepared by The Boeing Company under USAF contract
Number AP 33(615)-1792. The contract vas initiated under Project Number
620, Task lumber 620A. The work was administered under the direction of
the AFFDL Project Imgineer: ¥, F. Barnett,

This report covers work conducted from January 1964 to November 196k,

At the time of the X-20A contruct termination in December 1903, the
Pilot's Compartment Structural Assembly and the Tquipment Compartment.
Structural Assembly scheduled for use in the “nvironmental Test Model vere
in the final pheses of structursl wsoembly.  Under the auspices of the Afr
Force Flight Dynamics Leboratory, Research and Techtinology Division, Air
Force Systems Command, a descision was mude to complete the structural
fabrication of each compartment and to conduct, aprropriate lesk tests,

The compartment configuration and test results sre described {n this
report for use {n future flight hardware design programs.

This report is not releasable to OTS berause X-20A information is
connidered sensitive. Future releace of this report to OTS wili depend on
relaxation of dissemination restrictions on X-20A data by the United States
Atr Force or the United States Department of Defense,

Publiretion of this technical documentary report does not constitute
Mr Force approval of the report's findings or conclusions. It ig published
only for the exchange and stimulation of {deas.

HOLLAND B. LOWIDES
Acting Chief
Structures Divizion
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responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the said
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implication or otherwise n¢ in any manner licensing the holder or any other
person or corporation, or conveying eny rights or permission to manufacture,
use, or sell apy patented invention thet may in any way be related thereto.

Defense Documentation Centep release to Office of Technical Services
18 not suthorized (see FOREWORD).

Gualified requesters may obtain coples of this report from the Defense

Documentation Center (Dpe), { formerly ASTIA), Cameron Station, Building 3,
5010 Duke Street, Alexendria, Virginie, 2231k,

Coples of this report should not be returned to the Kesearch and
k o
Technology Division urless return is required by security consideretions,
contractual obligations, or notice on & specific document.,
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ABSTRACT

To verify the design amd fbrication techmimues welillzed during the
techni=nl develomert Of preésdirizel compartments for she T-20 wehilsle,
structural febriention and fenk teats wers comileted on & plld%! s- comon riaemnt
and an equimment compartment,.

The compartments in production for the Envirommental Test Model were
completed to n test configuration which eliminated all non-shtuctural items
such 2s equipment support structure, foot, well, ducts, internal equipment,
wiring, and plumbing. Compartment venetrations wvere made in accordance with
the designed flight configuration except that a reduced number of electrical
penctrations were made.

The inflatable senl system functional test of the pilot's hateh, thﬂ
pilot's compartment cquimment accese door, and the ﬂquipmert compartent
access door verified that these systema would retain sufficient pressure to
provide ¢ sntisfactory compartment senl.

A proof pressure test of each compartment demonstrated the Integrity
of the structure.

The actunl lesk rate of the pilot's compartment, was found Lo be 025
powunds of alr yper minute, w2ll within the design goal of 0,168 pounds of
air per minute, ond the actual leak rete of the cquipment cumpartment wos
found to Le .91 pounds of air rer minute. also well within the design gosl
ol 0.190 pounds af mir per minute,

These teats demonstrated that ‘he design and fabricatvion ~echniques
used woull produee o compartmon® capable of perfoming the X204 venicle
mission.
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.anticipated flight regimes with limited leakage of pressurizing gas, limi

N i ot

INTRODUCTION

‘The X-20A coupartments were designed to contain pressures during the

. 4

deflections; and a minimms of structural wveight. ‘The pilot's compartment

to be pressurized to 7.35 psia at altitudes above 18,000 feet with the pllot’s
pressure sult exhaust gas and the equipment compartment ves to. be pressurized
o 10.2 psia at altitudes above 10,250 feet with & fixed flov of gaseous
nitrogen. The maximm pressure differential during ascent t0 and descent
from the pressurizing altitude was to be limited to 1.5 pai in each

compartament.

During the development pheses of the X-20A program various seal
configurations and materials were investigated, studied, and tested, The
results of these efforts are reflected in the vehicle design released for
production. A development progrem was also conducted by manufacturing
personnel to verify the machining and welding capabilities necessary to
fabricate a compartment.

At the time of X-20A contract termination, neither a pilot's compartment
nor an equipment compartment had been structurelly completed, sealed, and
pressure tested. This program wes instigated to camgplete the CONpESTaETSE
structurally, instali fiight configuration seals, and perform pressurized
tests to verify the adequacy of techniques selected from: the development
progrums. :

The compartment configuration tested deviated from a flight configuration
compartument in several ways. First, all non-structural assu.blfles and details
not already installed vere eliminated. This included ducts, foot wells,
equipment support brackets, plumbing, wiring, and equipment. ‘Sjtcond, only
8 portion of the electricel penetrations were made in each compartment due
to a shortage of completed electrical receptacles. This was of no significance
in the total leak rate since the receptacle sealing proved in development
tests and in this program to be leak free. All othier penetrations conformed
to the flight vehicle design in quantity and configuration. Third, alumimm
alloy plate was substituted for the window glass in the pilot's compartment.
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SECTION 1
CONFIGURATION

A, INTRODUCTION

The X-20A Pilot's Compartment and Equipsient Compartment are minimum
veight, pressurized assemblies suspended within the glider primary structure
by a determinate system of fittings designed to prevent the compartments from
carrying primary loads and to isolate the compartments from primary structurs
thermal deformation.

B. FILOT'S COMPARTMENT

The pilot's compartment, containing the flight station and guidance
equipment, is pressurized to 7.35 psia et altitudes above 18,000 feet. The
compartment atmosphere 1s provided by exhausting the pilot's pressure suit
ges flow directly into the compartment. The compartment pressur: is
controlied by regulating the flow of campartment atmosphere escaping through
& pressure regulator. The safety valve and pressure regulator control the
pressure differentinl to 1.5 psig maximm during sscent to and descent from
18,000 feet altitude.

The compartment, Figures 1 through 4, is & conventional semi monocoque
structure with frame supported skin panels, an equipment access door, hatch,
and windows. The skin panels, machined from 2219 aluminum alloy plate, are
Joined together by automatic welding to eliminate leeknge. The 1rmmes,
machined fram 7075 alumimum alloy plete, are attached to the skin panel
weldment by interference fit mechanical fasteners. The fremes, continuous
around the inside of the compartment except at the access openings, carry the
structural loads so that only local internal pressure loads are carried
across the skin panel weld joints. . -

The pilot's hatch, Figure 5, machined from rolled 2219 aluminum alloy
plate, is stiffened by sheet metal frames. Spherical collars and explosive
bolts transmit only shear end tension loads to the compartment structure,

The equipment access door is machined from flat 2219 aluminum alloy
plate and is then.rolled to its cylindrical shape. Pressure loads , a8 hoop
tensi o, Bre-eareferwed w0 the eompermment Uy pio nifiges. End vulkneads,
velded to the door skin, contain shear pins for distributing loads to the
campartment frames.

The soda-lime vindows are retained in skin panel openings between
stiffeners and fremes by bolted retainer plates, Figure 6.

Pressure wall penetrations are reduced to a minimum by allowing only
the bolts attaching the three support fittings and the pillot's hatch to pass
through the skin panels. All other fasteners cowman to thae pensls jars
contained within blind holes or are through the stiffeners machined inio
the inner surface.
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FIGURE 3 PILOT'S COMPARTME?!T
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FIGURE 6

PILOT'S COMPARTMENT WINDOW STRUCTURE




s

R

et

C.  EQUIFMENT COMPARTMENT

The equipment compartment, containing electrical and electronic
equipment, 1s pressurized to 10.2 psis at altitudes above 10,250 feet. The
compartment atmosphere 1s provided by a constant inflow of gasesous nitrogen
for equimment cooling. The compartment pressure is controlled by reguleting
the flow of nitrogen escaping through s pressure regulator. A safety valve
and the pressure regulator control the pressure differentisl to 1.5 psig
maximm during ascent to and descent from 10,250 feet altitude. %

The compartment, Figures 7 through 10, is a conventional semi monocogque
structure with frame supported skin panels and ean access door. The side and
floor skin panels extend aft of the rear pressure bulkhead to form an
unpressurized compartment. The skin panels. machined from 2219 aluminum
alloy plate, are joined tugetuer by automatic welding to eliminate leakage,
The frames, machined from 7075 aluminum alloy plate, anre attached to the
skin panel weldment by interferenrs f£it mechanical fasteners. The frames,
continuous around the inside of the compartment except at the access door,
carry the structural loads so thet only local internal pressure loads are
carried ocross the skin panel weld Joints.

The access door 1s mschined from tlat 2219 aluminum alloy plate and is
then rolled to its cylindrical shape. Pressure loads, as houp tension, sre
transferred to the compartment by pin hinges. Fnd bulkheads, velded to the
door skin, contain shear pins for distributing loads to the compartment
frames, .

Pressure wall penetrations are reduced to & minimum by allowing only
the bolts attaching the two forwsrd suppart fittings and the electrical
umbilical receptacle to pass through the skin panels. All other fasteners
common to the panels are contained within blind holes Oor are through the
stiffeners machined into the inner surface. Electric cables are carried to
bulkhead receptacles in the pilot's compartment by an intercompartment
bellows. This tunnel is sealed from the pilot's compartment atmosphere and
Is open to the egquipment compartment atmosphere.

D. TEST ARTICLE CONFIGURATION

The comvartments tested are structurally identical to the X-20A
Pllot's Compartment and Equipment Compartment. Unique pert numbers were
used to identify the test configuration compartments due to the elimination
of the non-structurel {tems such as equipment support bracketry, foot well,
ducts, wiring, vlumbing, etc., and the substitution of elumimm plete for
the window glass.

The seal gap, Figure 10, for the inflatable seal in the pilot's hatech
and the equipment campartment access door did not conform with the design
requirements due to manufacturing coordination problems encountered on the
first X-20 production parts. The seal grp was oversize ¢o the seal plane
was built up to a more desirable condition by bonding on a tapered shim. This
shim with a filler material fairing at the end may be see {n Figure 16. The

et e
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‘pllot's hatch seal gap vps‘rgdpeed‘yii‘i two stages. First,tha&apnlonsthe

front end sides was made +25, the design target. The gap at the aft end
vas made .50, After & preliminary lesk test the gap at the aft en ot
reduced to 425 for ‘the final leak testing, The equipment compartment seal
vas reduced to approximately the design target of .29. During testing
‘additional gap reduction was employed to determine the seel cepabilities
under various gap conditions. = o ol
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FIGURE 8 EQUIPMENT COMPARTMENT DUerNG ACCESS DOOR INSTALLATION
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SECTION 2
SEALING TECHNIQUES

A.  INTRODUCTION . |

The compertment openings and penetrations are sesaled to limit the : e
leakage to insure a flow of compartment pressurizing gases through the
pressure regulator. A varlety of seals, as shown in Table 1, are used.

B. INFLATABLE SEALS

The pliovt's hetcn, piiot's compartment equipment access door, and the
equipment compartment access door are seeled with a fabric covered ) inflated,
rubber compound seel. The sesl, installed in 8 retainer on the spplicable
cover, would have been inflated to 15 psig at vehicle launch for an equivalent
pressure of 30 psie in spece. Due to the srort duration of the X-20A mission,
provisions for maintaining seal pressure v:re not required and the seal was
*Posed Uy 4 valve.  Mpgure 11 provides Qetalls of e sesl aud sedl
installation.

C. WINDOW SEALS

The 3ilot's ~wpartmeot windws *re sealed by a molded, "U" sheped,
silicone rubber seel. The two legs of the seal are compressed & total of 0.10
by the windov retainer plate. The leg of the seal between the vindow and the
reteiner plate does not function as a seal but as a window sufrort. Plgure
12 provides details of the seal and seal installation.

D. GASKET SFALS

All electrical receptacles, intercompartment bellows, pilot's hatch
bolts, and other miscellaneous penetrations are sealed with standard molded
rubber compound seals in metal retainers. A typical gasket seal and gasket

beal Inctalle®inr ame 8liown iy Miguee 1)

The electrical system for eech X-20A mission was different but all
compartments were to be capable of being used for any mission. For this
reason, many electrical penetrations are filled with a solid dumuy receptacle
having sealing surfaces identical to those of an electrical receptacle. The
test configuration compartment has a reduced number of electrical penetrations
since the required quantity of receptacles and dummy receptacles were not
aveilsble at the time of the X-20A program termination.

E. "0" RING SEALS

The pressure regulators, safety valves, and support fitting attach
belts ore cealod with standard "0" rlug seals ss are vhe valves in the

-

inflatable seal system.
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F.  MPPALLIC SEALS
The bulkhead unions and comnectors used with the plumbing- systems

employ & metal seal manufactured by NAVAN. Products, Incorporsted,

1320 E. Imperial Highvay, El Segundo, Californis. The senl and & typicel
seal installation sre shown in Figure 1b. -

G. EFFECTIVENESS OF SEALS

The predicted leakage for the pilot's compartment is 0.025370 pounds
of pressurizing gas per minute. The inflatable seals in the hatch and
equipment access door represent 96.45% of this total and the molded window
seals account for 3.42% of the total leakage.

The predicted leakage for the Equipment Compartment is 0.020583
pounds of pressurizing gas per minute. The inflatabie seal in the access
door represents 99.98% of this total.

-
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SECTION 3

INFLATABLE SEAL FUNCTIONAL TEST

9

A. PURPOSE

Fach inflatable seal system was tested to denonu;ratevthe capability
of the system to maintain pressurization during an established time period.

B, ©  TEST ARTICLE

The Inflatable seal system functional test was conducted on the
completed installation in the applicable hatch or access door prior to the
installation of the hatch or door onto the compartment. The inflatable seal
vas free to expand, except as restricted by the seal retainer.

C. TEST PROCEDURE 4
Each seal systerl was pressurized to 30 psig plus or minus 1.0 psig and
was then isolated from the pressure source. After 2k hours, the pressure vas

measured and those systems with a pressure reduction of 5 psig or less were
accepted.

D. TEST RESULTS

All inflateble seel systems tested were found to be acceptable although
the equipment compartment access 1id seal failed on its first test due to
metallic particles under the "O" ring sealing the air valve. The actual
pressure reduction measurements are as follows:

Pilot's Compartment Equipment Access Door 3.0 psig (original seal)
2.8 psig (replacement seal)

Pilot's Hatch 2.8 peig

Equipment Compartment Access Door 1.1 psig

2
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SECTION &

' COMPARTMENT PROOF PRESSURE TEST |

A.  PURPOSE

Each compartment was pressurized to & pressure equal to 1.2 times the
maximum attainable pressure under opereting conditions to demonstrate the
integrity of the structure,

B. TEST ARTICLE

The proof pressure test was conducted on complete, sealed campartments,
as described in Section 1, Paragraph D, except that the pressure regulator
and safety valve were replaced by cover plates,

Es TEST PROCEDURE
The Pilot's Compartment was pressurized to 9.6 psig and the Equipment

Compertment was pressurized to 12.7 psig and the pressures were maintained for
a minimum of 3 minutes,

D.  TEST RESULTS ' .

Exemination of each compartment after testing found no evidence of
deformation, failure, or other irregulerity, demonstrating the structural
integrity of the compartments.

 Measurements of leakage were 2150 made during the proof pressure test
end ere presented in Section 5.
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SECTION 5

A. INTRODUCTION

Each compartment was pressurized to the%Oquuting pr@éauﬁb:ada]fﬁé
leakage rate wes measured to demonstrate the integrity of the seals,

The leak test was conducted on structural;y complete,*seaied
compertments, as described in Section 1, Paragraph D, except that the
pressure regulator was inoperative.

The compartment was pressurized with filtered plant air utilizing a
pressure regulator for control and a bulkhead connector installed in the
compartment for flight use. The air flow required to maintein the compartment
pressure was measured and identified as the leakage rate. -

Measurements of leakage were made at increments of the Spersting
pressure, with the access door inflatable seal at various pressures, and with
verious gaps between the inflatable geal retainer and the seal platform to
provide additional information on seal performance,

R PILOT'S COMPARTMENT LEAK TESTS

The X-20A Pilot's Compartment was permitted a maximm leakage of 0,168
pounds of pressurizing gas per minute during the pressurized portion of the
mission. This Leebuge sote, B0£ Of whe gus Hriow, wes wlsu the xlldwable
for this test.

The ectual Pilct's Compactment leakege rate was found o pe .ugy pounas
of air per minute at a pressure of 7.3 plus or minus .2 psig.

Table 2 is a compilation of the leakage rate measurements taken during
the test program. The inflatable seal in the equipment access door leaked
over & 2.5 inch spsn during the proof test. Examination after the test
disqlosed a small metallic shaving on the seal but the seal plane was clean
and smooth. The seal conteined two dimensionsl distortion in this area,
During the first leak test, with a .50 maximm gap under the aft end of the
hatch, the access door inflatable seal still leaked. The seal was repleced
with a gpare prior to the second leak test. The spare seal contained
similar distortion but exhibited only minor leaktge. The Alsbortice (o brw
seals 18 at the fill tube and 1s 2 correctable problem. Similer seals ekhibit
4 minimm of distortion in this arees ss may be seen in Figure 17.
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C.  EQUIPMENT COMPARTMENT LEAK TESTS

The X-20A Equipment Compartment was permitted a maximm leakage of
0.10 pounds of pressurizing gas per minute during the pressurized protion of
the mission. This leskage rate is sbout TT$ of the cooling gas inflow and
wvas the allowable for this test. :

The actual Equipment Compertment leakage rate was found to be 0,021
pounds of air per minute at a pressure of 10.2 plus or minus .2 psig.

1
Table 3 is a compilation of the leakage rate meesurements taken during
the test program. The compartment exhibited considerable leakage during the
proofl pressure test but this was found by examination to result frem two
electrical receptacles that were inadequately torqued and from a defective
blind bolt hole that penetrated the pressure vall, Repair of these defects
led to the very low leakage rate determined for the subsequent lesk test.

Tests were run with the access door inflatable geal pressurized at
15 psig, X0 psig, end bo psly Lo+ caaparison with tne leax test for which
seal pressure was 30 psig. These results, shown graphically in Figure 15,
support the sclected seal inflation pressure for an X-20A mission.

The designed seal retainer to seal plane gap of .26 minimm end .32
maximm was .300 minimum and .396 maximum with &n average of .351 on the
campleted compartment. Shims were used to reduce this gap by .03 and .06
to invesiljate thw ffwt of gup on e frLumnlE Bl pecliommance,. The
leekage rate measured with the .03 shim installed should have been slightly
Jess then the leak test results agd W@ rate measured witn tne .00 snim
installed should have been slightly greater than the leak test results. The
test results obtained with the .03 shim are completely erronecus and must
result from bonding voids. The test results obtained with the .06 shim
pointed out the incorrectness of the tests with the .03 shim and demonstrated
that the inflateble seal performance is relatively unaffected by seal gap.

D\lrinf A ShTiEs £ iw PR T ol L. Treesuramerres vl e
inflatable seal pressurized to 15 and 40 psig, four narrow bands of talc were
placed on the seal platform to investigate seal movement. Figures 16 and 17
show the seal platform and the seal after the leak tests. The seal in the
corner made contact only with 2 of the four ridges on the foot and moved very
slightly outboard while the seal in the straight section made contact with
all four ridges and did not move.

b. CONCILUSIONS

The leak test mcasurements of the X-20A Pilot's Compartment and
Equipment Compartment demonstrated the ability of the seals to limit leakage
to approximately 15% of the gas flow into the compartment. Test results
illustrated the capability of an inflatable seal to perform with wide
varietions in seal gap and that an optimum inflation pressure exists for each

seal.
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SECTION 6

DEFLECTION MEASUREMENTS

A, INTRODUCTTON

During the pressurized tests, various deflection and strain measurements
e made to compare with the anticipeted values and to provide an indif‘ation
of the deflection shsorbed bv'the inflatable seals.

Measurements were made to determine the increase in seal gap of the
hinges, to drtermine the deflection of various structural members, and to
determine the strain in several members. The locetions of these measurements
are showm in Figures 18 and 19. Figures 20 and 21 show several instrument

installetions.
B, RESULTS

Tables 4 anpd 5 are a summery of the messurements made, and where
applicahle, the anticipated values.

The measurements of structursl deflections and loads are in ressonable
cgreement with the calculated values. The differences between the calculated
and measured values are a result of assumptions, rich ac not considering a
mnjority of the stiffeners machined into the skin panels, necessary for the
manual analysis approach. The use of a computer program would reduce the
differences if warranted.

The measurements of the increase in seal gep and deflections in the
structure indicate that at the center nhinge, the seal gap increased about
.05 at the operating preseure. This is & result of tnking up bolt clearance
In the hinges, rotation of the seal plane with the side frame deflection,
and rotatlon of the senl retainer with the access door deflection. The total
deflection was not anticipated to be Jarge and is shown to be well within the

bridging ability of the inflatable seal.
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FIGURE 21 INSTRUMENT INSTALLATION
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. SECTION T -
2 FABRICATION AND DESIGN PROBLEMS
;‘Zé{ ‘[ !
%. During the assembly end testing of the compartments, the difficulties
% normelly associated with the first production unit were encountered. These Sk
!

difficulties were resolved through the normal engineering/menufacturing
liaison activities.

Only the standard design and fahricatiog procedures and techniques
associated with similar high quality aircraft products were exercised. No

specinl precautions or critical arees applicable to future programs vere
developed.




DRAWINGS
2581601
25 -81700
10-81136
25 filligg
29-81153

29-01154

REFERENCES

S{ructural Assembly - Pilot '.5 Compartment ;
Structure Assembly - Upper and Lower Rquipment Compartment
Inflatable Seal - Pilot's Hatch and Access Doors
Ceal-Molded, Front Windshield, Pilot's Compartment
Seal-Molded, Side Windshield, Pilot's Compartment -

Seal-Molded, Side Window, Pilot's Compartment.
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