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FOREWORD 

This report was prepared by The Boeing Company under USAF contract 
Number AF j3(6.15)-1^2.    The rontract was Initiated under Project Nmber 
b20A, Task Nunber &0A.    The work was .idminlstered under the direction of 
the AFFDL P^o.lect l'tigtneer;    F.  F.  Barnett. 

nils report covers tforK conducted from January 196h to November l9Ck. 

At the time of the X-?0A contract temiüBÜm in December 1%7,  tiie 
Pilot's CoBrpartmtnt Structural Aaembly and the Equipaect CompartmeBt 
Structurnl Assembly scheduled for use In the ^vlronmr-ntnl fm% Model w«rf 
la the final phase.", of structural '^nembly.    Under the auspices of the Mr 
Force Flight Dynamics Laboratory,  Research and Technology Division, Air 
Force "ysteras Cowaand, a decision was made to ccwiplete the stnactural 
fcbrlcHlon of each compartment end to conduct appropriate leak testa. 

The compartment configuration and test results ere described In this 
report for use  In future flight hardware i^ign programs. 

This report Is not releasable to OTT; because X-20A Infomation is 
considered sensitive.    Future release of this report to OTS win depend on 
relaxation of dissemination restrictions on X-2QA data by the United States 
Air force or the United States Department of Defense. 

Publication of this technical documentary report, does not constitute 
Air Force approval of the report's findings or conclusions.    It Ig published 
only for the exchange and Stimulation of idea:;. 

HOLLAND B. LOWWDES 
Acting Chief 
Structures  K v: .-.ion 
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ABSTRACT 

techn 
stru 
and an equipment compartment. 

The compartmentfi In production for the Environraentai Test Model were 
completed to a test configuration wnlch eliminated all non-Gtructurai items 
such «js equipment Pupport structure,  foot veil, ducts,   internal equipment, 
wiring,  and plumbing.    Compartment penetrstlons were made in accordance witn 
the designed flight configuration except that a reduced number oi electrical 
penetrations were made. 

The Inflatable seal system functional test of the pilot's hatch,  the 
pilot's compartment equipment access door, end the equipment connnrtiaent' 
access door verified that these system would retain sufficient pressure to 
provide a satisfactory compartment seal. 

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

The actual  leak rate of the pilot's compartment was found to be .0,?£; 
pounds of air per minute, well vitnin the design goni of 0.108 pounds of 

smpartment was air per minute,  and the actual leak rat 
found to be .02]  pounds of air per minute, 
Of 0.100 pounds of air per minute. 

oi the equipment 
lino well within the design goal 

aese tests demonstmed that the design and fabrication techniques 
used would produce a compartment capable of performing the X.-20A vehicle 
mir. s,i on. 

:ii 
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urmoDucnc» 

ft« X»20A coHpftiiaent« vere designed to contala pressuref durla« the 
«nUclp»t«d fllgbt reglaea with Halted leakage of pres»urltlag «M. lilted 
deflectiooa, Md a mnimm of structural vei^t. The pUofs coroartaent wt 
to be pressurtMd to 7*35 psla at altitudes above 10,000 feet vlttthe pilot's 
pressure suit exhaust gas and the equlpsent cooparlaeat vas to be pressurised 
to 10.2 psia at altitudes above 10,250 feet vtth a fixed floir of gaseous 
nitrogen. The naxJjmn pressure differential during ascent to and descent 
frao the pressurlrlng altitude was to be IJjiited to 1.5 pal in each 
ccopartaent. »«» 

During the develoj««it phases of the X-20A program various seal 
configurations and nateriala were Investigated, studied, and tested. The 
results of these efforts are reflected In the vehicle design released for 
production. A developaent program was also conducted by atnufacturin« 
personnel to verify the machining and welding capabilities necessary to 
fabricate a coo^partment. ' 

At the time of X-20A contract teminatlon, neither a pilot's coapartment 
nor an e^lpnent compartment had been structurally con^pleted, sealed and 
pressure tested. This program vas instigated to coaplete the co^parinents 
structurally, install flight configuration seals, and perfonn pressurized 
tests to verify the adequacy of techniques selected frt» the develotment 
programs. 

The compartment configuration tested deviated from a flight conficuration 
compartment in several ways. First, all non-structural assablies and details 
not already installed vere eliminated. This included ducts, foot wells 
equipment support brackets, plumbing, wiring, and equipment, sfcond, oily 
a portion of the electrical penetrations were made in each comp^rlaent due 
Tn ?J ^VV^1^ electrical ^«Ptacles. This was of no significance 
In the total leak rate since the receptacle sealing proved in development 

l!8^ a;^thi!,Pr0Sram to be leak free- AU otiier Penetretions confomed 
to the flight vehicle design in quantity and configuration. Third, aluminum 
alloy plate was substituted for the window glass In the pilot's compartment. 



SECTION 1 

CONFIOORATIOW 

A, INTRODUCTION 

The X-20A Pilot's Cantpanaent and Equipoent C(Wipartment are ainlauB 
veight, pressurized asaemblles suspended vlthln the gilder prlaary structure 
by a deteminate system of fittings designed to prevent the conparlaents trm 
carrying primary loads and to isolate the coapartBents from prlaary structure 
thermal deforaation. 

B. FTLOT'S CCMPARTNENT 

The pilot's coDipartment, containing the flight station and guidance 
equipment, is pressurized to 7.35 psia at altitudes above 18,000 feet. The 
coKpartment atmosphere Is provided by exhausting the pilot's pressure suit 
gas flow directly into the compartment. The compartment pressur« is 
controlled by regulating the flov of conpartnent atmosphere escaping through 
a pressure regulator. The safety valve and pressure regulator control the 
pressure differential to 1.5 pslg maximum during ascent to and descent from 
18,000 feet altitude. 

The compartment, Figures 1 through k,  is a conventional semi monocoque 
structure with frame supported skin panels, an equlpnent access door, hatch, 
and windows. The skin panels, machined from 2219 almimm alloy plate, are 
Joined together by autonatic welding to eliminate leakage. The frames, 
machined from 7075 aluminum alloy plate, are attached to the skin panel 
weldment by interference fit mechanical fasteners. Ihe frames, continuous 
around the Inside of the compartaent 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 alimimmi alloy 
plate, is stiffened by sheet metal frames. Spherical collars and explosive 
bolts transmit onJy shear and tension loads to the compartment structure. 

The equipment access door is machined from flat 2219 alminum alloy 
plate and is then.rolled to Its cylindrical shape. Pressure loads, as hoop 
tension, are transferred to the compartment by pin hinges. End bulkheads, 
welded to the door skin, contain shear pins for distributing loads to the 
compartment frames. 

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

Pressure wall penetrations are reduced to a minlmim by allowing only 
the bolts attaching the tnree support fittings and the pilot's hatch to pass 
through the skin nane]s. All other fnst.-»^™ ^rm^n to fche ».««.i-  
contained within blind holes or an» through tfe^ <=<■■<^*- —........ . . 
the Inner surface. 
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FIGURE 2 PILOT'S COMPARTMENT, HATCH AND ACCESS DOOR REMOVED



FIGURE 3 PILOT’S COMPARTMENT

/



r«s .
%. .m.'

k • • ^ 1

oc
h-

0^
UJz
Z
h-
Z
UJ
5
h-
O::t
5ou

O
s:

UJa:
Do

I ■fife
•V-.



FIGURE 5 PILOT'S COMPARTMENT HATCH
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FIGURE 6 PILOT'S COMPARTMENT WINDOW STRUCTURE



C   EQUIIMENT COMPARTMEIW 

The equipnient ccmpartment, containing electrical and electronic 
I equipment, is pressurized to 10.2 psia at altitudes above 10,250 feet. The 
? contpartment atanosphere is provided by a constant inflov of gaseous nitro«en 
I for equipnent cooling. The coopartment pressure is controlled by regulating 

the flow of nitrogen escaping through a pressure regulator. A safety valvr 
and the pressure regulator control the pressure differential to 1.5 psig 
maximum during ascent to and descent from 10,250 feet altitude. 

^„„^0?  ^«rtoent, Figures 7 through 10, is a conventional semi monocoque 
stpjcture with frame supported skin panels and an access door. The side and 
floor skin panels extend aft of tne rear pressure bullthead to form an 
unpressurlzed compartment. The skin panels, machined from 2219 aiumlmm 
alloy plate, are Joined together by automatic welding to eliminate leakage. 

-  The frames, machined from 7075 alumlmai alluy plate, are attached to the 
skin panel veldment by interference fit mechanical fasteners. The frames 
continuous around tee inside of the compartWfnt except at the access door' 
carry the structural loads no teat only local internal pressure loads are 
carried ncrofls the skin panel weld joints. 

The access door Is machined from flat 2219 aluminum alloy plate and is 
teen ro.led to its cylindrical shape. Precsure loads, as Poop truclon, are 
transferred to tee compartment by pin hinges. End bulkheads, velded to the 
door skin, contain shear pins for distributing loads to tee coopartment 

Pressure wall penetrations are reduced to a minimum by allowing only 
tee bolts attaching the two forward support fittings and the electrical 
umbilical receptacle to pass through tee skin panels. All other fasteners 
common to the panels are contained within blind holes or are through the 
stlffeners machined into the inner surface. Electric cables are carried to 
bulkhead receptacles in tee pilot's compartment by an intercomparünent 
bellows. This tunnel is sealed from the pilot's compartoent atmosphere and 
is open to the equipment compartaent atmosphere. 

■ 

D.   TEST ARTICLE COKPI0URATIOH 

The compartaaeots tested are structurally identical to tee X-AJA 

Pilot's Coapariaaent and Equipment Compartment.    Unique oart numbers were 
used to identify tee test configuration compartments due to tee elimination 
01  the nun-structural items such as equipment support bracketry,   foot well 
ducts, wiring,  plumbing,  etc.,  and  the substitution of alunlnum plrte for ' 
tee window glass. 

The seel gap,  Figure 10,   for tee Inflatable seal  in the pilut's hatch 
and tee equipment comparteent access door did not conform with tee design 
requirements due to manufacturing coordination problems encountered on tee 
first X-20 production parts.    The scjal   unn UBS m/«-^,-, ,.„ *•„- -.,„,  ..,,   . 
was built up^tu a-aore desirable condition by bonding on a tapered shim.    This 
söia with a filler material  fairing at tee end may be see in Figure It.    Tne 
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*££ 0„5 !S    ^ «»P^'J^uc«! in two *U&B,   First, the gap aloag the 

I ^ "*!* •50*   ^t«1* * prellainary leak teat the gap at the aft cad vaa 
^IJS/S f0r ^ ^ leek tefltia«'   ^ «l^ot co^anaent aeal 
VM reduced to approxiaateljr the design target of .29.   DurJLagteatlng 

I !?:"   ^ m auction vas «ployed to cletemlne the seal capabllitlea I «»der various gap conditions. ^v^t^nms 
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FIGURE 8 EQUIPMENT COMPARTMENT DURING ACCESS DOOR INSTALLATION
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SECTION 2 

SSALIMG TECHHiqUES 

A.   I1ITHODÜCTION 

The ccBtpartaent openinga aad penetrations are sealed to liait the 
leakage to Insure a flow of coBpartaent preseurizing gases through the 
pressure regulator. A variety of seals, as shown in Table 1, are used. 

B. INFLATABLE SEALS 
i 

The pilot's hatch, pilot's coiBpartment equipment access door, and the 
equipnent compartaent access door are sealed with a fabric covered, inflated, 
rubber compound seal. The seal, installed in a retainer on the applicable 
cover, would have been Inflated to 15 psig at vehicle launch for m equivalent 
pressure of 30 psia in space. Due to the s^ort duration of the X-20A mission, 
provision» for maintaining seal pressure v^re not required and the seal was 
closed by a valve. Figure 11 provides details of the seal and seal 
Installation. 

C. WINDOW SEALS 

The pilot's compartment Windows are sealed by a nolded, "U" shaped, 
silicone rubber seel. The two legs of the seel are compressed a total of 0.10 
by the window retainer plate, üie leg of the seal between the window and the 
retainer plate does not function as a seal but as a window support. Figure 
12 provides details of the seal and seal installation. 

D. GASKET SEALS 

All electrical receptacles, intercompartnient bellovs, 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 
seal installation are shown in Figure 13. 

The electrical system for each X-20A mission was different but all 
ccmpartments were to be capable of being used for any mission. For this  's 

reason, many electrical penetrations are filled with a solid dunmy receptacle 
having sealing surfaces Identical to those of an electrical receptacle. The 
test configuration compartment has a reduced nimber of electrical penetrations 
since the required quantity of receptacles and dunmy receptacles were not 
available at the time of the X-20A program termination. 

E.   "0" RING SEALS 

The pressure regulators,  safety valves,  and support fitting attach 
—— «. „ „^^.v,,* »iu,.! oucuiyxaxu   u    x Lxi^ öeöj.b as are wie valves in the 
inflatable seal system. 
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P,   METALLIC SEALS 

The bulkhead unions and connector» used vith tbi plumbing-«yatWM 
asploy a metal seal aaimfactured by NAVAH Producta, Incorporated, 
1320 E. Imperial Higbvay, El Sagundo, California. The aeol and a typical 
seal Installation are shova In Figure lk. 

G.   EFFBCTIVEHESS OF SEALS 

The predicted leakage for the pilot's coBpartaent is 0.035370 pounds 
of pressurizing gas per minute. The inflatable seals in the hatch and 
equipment access door represent Q6J»5^ of this total and the molded window 
seals account for 3.^ of the total leakage. 

The predicted leakage for the Equipment Compartment is 0.020583 
pounds of pressurizing gas per minute. The inflatable seal In the access 
door represents 99.98?» of this total,. 
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SECTION 3 

INFIATABLS SEAL FUyC?TIOmL TEST 

A. FUITPOSE 

Each inflatable seal system was tested to dkmmstrate the capability 
of the system to maintain preasurizatlon"during an established tl»e 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 corapartaent. The inflatable seal 
vas free to expand, except as restricted by the saal retainer. 

C.   TEST PROCEDURE 

Each seal systeri was pressurized to 30 pslg plus or minus 1.0 psig and 
was then isolated from the pressure source. After 2k hours, the pressure was 
measured and those systems vith a pressure reduction of 5 psig or less were 
accepted. 

D. TEST RESULTS 

All inflatable seel systems tested were found to be acceptable although 
the equipment compartment access lid seal failed on its first test due to 
metallic particles under the "0" ring sealing the air valve. The actual 
pressure reduction measurements are as follows: 

Pilot's CamparüBent Equipment Access Door 3.0 psig (original seal) 

2.8 psig (replacement seal) 

Pilot's Hatch 

Equipment Compartanent Access Door 

2.8 psig 

1.1 psig 
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SECTION k 

CCtgARlMfeST PROOF PRESgURE TEST 

A. PURPOSE 

Each conpartoent was pressurized to a pressure equal to 1.2 tiaes the 
maxlaMB attainable preseure under operating conditions to denonitrate the 
Integrity of the structure. 

B. TEST ARTICLE 

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

C. TEST PROCEDURE 

The Pilot's Compartment vas pressurized to 9.6 pslg and the Equipawnt 
Canpartment was pressurized to 12.7 pslg and the pressures were maintained for 
a mlnimutt of 3 minutes. 

D.   TEST RESULTS 

Examination of each compartment after testing found no evidence of 
deformation, failure, or other irregularity, demonstrating the structural 
Integrity of the compartments. 

Measurements of leakage were also made during the proof pressure test 
and are presented in Section 5. 
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SECTION 5 

CQWaiRBCaiT LEAK m^F 

A.   INTRODUCTION 

Each coopartBient was preseurlzed to the operating pressure and the 
leakage rate was measured to deaonstrate the integrity of the seals. 

The leak test was conducted on structurally cooplete, sealed 
compartments, as described in Section 1, Paragraph D, except that the 
pressure regulator was inoperative. 

The compartment vas pressurized with filtered plant air utilizing a 
pressure regulator for control and a bulkhead connector installed in toe 
ccwpartanent for flight use. The air flow required to maintain the ccmnartment 
pressure vas measured and identified as the leakage rate. 

Measurements of leakage were made at increments of the operating 
pressure, with the access door Inflatable seal at various pressures, and with 
various gaps between the Inflatable seal reUiner and the seal platfora to 
provide additional infomation on seal perfomance, 

I».   PILOT'S CQMPAMMENT LEAK TESTS 

The X-20A Pilot's Compartment was pemitted a maximum leakage of 0.168 
pounds of pressurizing gas per minute during the pressurized portion of the 
mission. This leakage rate, 80^ of the gas inflow, was also the allowable 
for this test. 

The actual Pilot's Compartment leakage rate was found to be .025 pounds 
of air per minute at a pressure of 7.3 plus or minus .2 psig. 

Table 3 is a compilation of the leakage rate measurements taken during 
the test program. Ihe inflatable seal in the equipment access door leaked 
over a 2.5 inch span during the proof test. Examination after the test 
disclosed a small metallic shaving on the seal but the seal plane v/as clean 
and smooth. The seal contained two dimensional distortion in this area. 
During the first leak test, with a .50 maxlmian gap under the aft end of the 
hatch, the access door Inflatable seal still leaked. The seal was rep^ced 
with a spare prior to the second leak test. The spare seal contained 
similar distortion but exhibited only minor leakage. The distortion in both 
seals is at the fill tube and is a correctable problem. Similar seals exhibit 
a minimum of distortion in this area as may be seen in Figure If. 
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C        EQUIHffiKr COMPAflDffiHT LEAK TESTS 
Ü     ' ; ■■■■•■,   ' 

Hie X-20A Equipment Compartment vas permitted a maxiaun leakage of 
0.10 pounds of preasurUlng gas per minute during the preisurized protion of 
the mission. This leakage rate is about Tfy of the cooling gas Inflow and 
vas the allowable for this test. 

The actual Equljoent Comparbaent leakage rate was found to be 0.021 
pounds of air per minute at a pressure of 10.2 plus or minus .2 paig. 

Table 3 is a compilation of the leakage rate measurements taken during 
the test program. The compartment exhibited considerable leakage during the 
proof pressure test but this vas found by examination to result frcm two 
electrical receptacles that were inadequately torqued and frcm a defective 
blind bolt hole that penetrated the pressure wall. Repair of these defects 
led to the very low leakage rate determined for the subsequent leak test. 

Tests were run with the access door inflatable seal pressurized at 
15 psig, 20 pslg, and ho psig fc~ camparlson with the leak test for which 
seal pressure was 30 pslg. These results, shown graphically in Figure 15, 
support the selected seal Inflation pressure for an X-20A mission. 

The designed seal retainer to seal plane gap of .26 minimum and .32 
maximum was .300 minimum and .396 maxlmuB with an average of .351 on th^ 
completed compartment. Shims were used to reduce this gap by .03 and .06 
to Investigate the effect of gap on the inflatable seal performance. The 
leakage rate measured with the .03 shtm installed should have been slightly 
less than the leak test results and the rate measured with the .06 shim 
Installed should have been sll^Uy greater than the leak test results. The 
test results obtained with the .03 shim are completely erroneous 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 mi  demonstrated 
that the Inflatable seal performance Is relatively unaffected by seal gap. 

During a series of tests, including leak measurements with the 
inflatable seal pressurized to 15 and 40 pslg, 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. 

D.   C0NCI.USI0HS 

The leak test measurements of the X-20A Pilot's Ccupartment and 
Equipment Compartaent demonstrated the ability of the seals to limit leakage 
to approximately 15^ of the gas flow into the compartment. Test results 
Illustrated the cepability of an inflatable seal to perform with vide 
variations In seal gap and that an optimum inflation pressure exists for each 
seal. 
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SECTION 6 

DSFTiTTION MEASUHEMEKTS 

A, INTROPUCTTON 

During the pressurised t^sts, various deflection and strain measumnents 
were made to coctmr^ with the anticipated values and to provide an indication 
of the deflection absorbed by the inflatable peals. 

Measurements vere made to determine the increase in seal gap of the 
hinges, to dPtemlne the deflection of various structural members, and to 
determine the Gtraln in several members. The locetlons of these raeasursments 
^re shown In Figures l8 and 1$,    Figures SO and 21 show several instrument 
installations. 

B. RESULTS 

Tables h  and 5 -are a sumraory of the measurements made, and where 
applicable^ tije anticipated values. 

Tnc measurements of structural deflections and loads are in reasonable 
agrepuient with the calculated values. The differences between the calculated 
and measured values ore a result of assuraptlons. rich as not considering a 
majority of the Ktiffeners nwchlnei 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 gap and deflectlonB in the 
structure indicate that at the center hinge, the seal gap increased about 
,05 at the operating pressure, This is a result of taking up bolt clearance 
in the hinges, rotation of the seal plane with »he side frame deflection, 
and rotation of the seal retainer with the access door deflection, the total 
deflection was not anticipated to be large and is shown to be well within the 
bridging ability of the inflatable seal. 
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SECTION 7 

FABRICATION AND DESIGN PROBOHS 

During the aasoably and testing of the coapartaeot«, the dlfficultie« 
normally associated with the first production unit were encountered, "niese 
difficulties were resolved thrbugh the normal eagineerlng/manufacturing 
liaison AcUvitien. 

Only the standard design and fabrication procedures and techniques 
associated with similar high quality aircraft products were exercised. No 
special precautions or critical areas applicable to future programs were 
developed. 
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25-3l601 Structural Assembly - Pilot's Compartment   . 

25-81700 Ptmcture Assembly - Upper and Lover Equipment Compartment 

IO-8II36 Inflatable Seal - Pilot's Hatch and Access Doors 

29-oli;32 Seal-Molded,  Front Windshield, Pilot's Compartment 

29-61:153 Seal-Molded,  Sine Windshield,  Pilot's rompartaient   y 

29-8X15^ Seal-Molded, Side Window, Pilot's Compartjnent 
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