APOLLO SEALS: A BASIS FOR THE CREW EXPLORATION VEHICLE SEALS

Joshua R. Finkbeiner, Patrick H. Dunlap, Jr.; and Bruce M. Steinetz
National Aeronautics and Space Administration
Glenn Research Center
Cleveland, Ohio

Christopher C. Daniels
University of Akron
Akron, Ohio

National Aeronautics and Space Administration @

Apollo Seals: A Basis for the
Crew Exploration Vehicle Seals

Joshua R. Finkbeiner
Patrick H. Dunlap, Jr.
Bruce M. Steinetz
NASA Glenn Research Center
Cleveland, OH

Christopher C. Daniels
University of Akron
Akron, OH

2006 NASA Seal/Secondary Air System Workshop
November 14-15, 2006

www.nasa.gov

NASA/CP—2007-214995/VOL1 415



AoDeseu MMM

s[eas A3JD
10J 1utod Buiels e se o|jody

Apms Tydeoidde D49 VSVYN
aJaydsouwe ajgengey Jo SSO| JusAald —
soseb Anuaal Jo uonsabul Jusnald —
Juawdojanap |eas salinbal A3D
Iaysxoeq [edIu0D —

pIa1ys 1eay Apog-unig —
uoneinbiyuod ayj-ojjody

SIe|\ JO uoneio|dxa pauuew MO|lyY —
UOOIA 9y} O] UiN}oy —

SSi 0]
SUOISSIW 10} 3NNYS adeds ay) ade|day —

uolnelojdx3 adeds 10J UOISIA S, VSVYN

3[21YyaA uonelojdxg maid

uonensIuIWPY 82eds pue sonneuolay [euoleN

416

NASA/CP—2007-214995/VOL1



AoDeseu MMM

oT OllodV__ 131U8) I0YISIA DHO Ul
Ae|dsip uo £ gejAys/ojjody parebnsanul sioyiny e
O3 01SUOISSIW 9 —
11040 Jeun| 0] SUOISSIW § —

Bulpue| feun| pauuew Joj paubisaq

&

iy

e S[29S [RLUIBY L
m— S|23S 3INSSald

(o) QO
PIaIYs Jesy YV \ = 52 UoleH Maid paljiun ¢

deb aoe)ia1u| .
@ g’ MOPUIM UIBIN
pIa1ys 1eay

Juswpedwod mal) MOPUIM SNOAZ3PUY

PIsIys Jesy piemiod yorey Buiyooq

9|NPON purwW WO o|jjody

NASA/CP—2007-214995/VOL1

D

uonensIuIWPY 82eds pue sonneuolay [euoleN



AODeseu’ MMM

pue ueas Buipue
*T T SUoISSIW JO JagquinN
(U1 0oz) W oS (U #ST) W B'E J818WeIq Wnwixe|p
SIe|N 9
euni ¥ o SInNeuo.ISY
o31901¢

ojjody

a|nsde) :AJD 'SA o|jody

uonensIuIWPY 82eds pue sonneuolay [euoleN

418

NASA/CP—2007-214995/VOL1



AODeseu’ MMM

G Yo A100|aA uin1ay
sieak Gz uolneINp UoISSIA
SIe|N O] SUOISSIN
9¢ Yoei 9¢€ Yo\ Aoojan uiniey
(Jengey /m suow ) shep €T uoneinp UoISSIA
shep T . S
UOOJA\ 01 SUOISSIN
G2 Yoei\ G2 YoeN Aoojan uinay
syiuow 9 shep €8 uoneInp UoISSI

SSI1/037 01 SUOISSIA

N3O

ojjody

9]1Joid UOISSIA :ATD "SA 0]jody

uonensIuIWPY 82eds pue sonneuolay [euoleN

419

NASA/CP—2007-214995/VOL1



AoDeseu MMM

SMOPUIN\, —
S|eas walsAs buppoqg —
UdleH mMal) payiun —
S|aued wnulwnfe pajaAll pue pajjog —
'SUOINRI0| |[e3S
°N %0€ “O %0L -
eisd g .
SuoISSIW ge|As —
‘0 %00T -
eisd g .
SuUoISSIW JeunT —

9Jaydsouwle a|geugey JO SSO| JUBA3Id

S|eas ainssald o|jody

D

uonensIuIWPY 82eds pue sonneuolay [euoleN

420

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

ainssaud
lapun aAN03Yo 3IOIN e
BUOI|IS pop|ow-1eaH e
jeas dij jewssayl —
19yseb ojul pappaquig e
obpa aJIuy [RIDIN
[eas ainssald —

sjeas om) pajelodiodul HON o

'09S Q€ Ul adeossa sineuossy —
'09S € Ul pases|al saydje] —

SSsal1ba "03S O POMO||Y e

(HON) yorey ajbuls
Olul yarey pjaiysieay pue
yoley aunssaid pauiquiod

uonensIuIWPY 82eds pue sonneuolay [euoleN

421

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

[eas aInssald HON

uonensIuIWPY 82eds pue sonneuolay [euoleN

422

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

[eas [ewayL HON

uonensIuIWPY 82eds pue sonneuolay [euoleN

423

NASA/CP—2007-214995/VOL1



AODeseu’ MMM

t

s|npow
puBWWOo)

eas

abpa ajluy [e1IBIN —
19Yseb Jawo)se|a 10} 9A00IS) —
:oAey 0] sieadde jsuun) ND
a|npow Jeun| yum pauosmal buu burooq .
yoley ajnpow Jeun —
|auun] ajnpow Jeun| 01 Bbuu Buppoq —
Bul Bujoop 01 |]suun ND —
yorey [uun NO —
S|eas [elanas palinbal bupooq e

uonensIuIWPY 82eds pue sonneuolay [euoleN

424

NASA/CP—2007-214995/VOL1



AODeseu’ MMM

ubisap [eas e
JUSWUOIIAUS [ewlay] e

deb aoejiaiul pIaIys 1eay juswiliedwod mald-01-paiys 1eay Uy —

D

deb aoejia1ul p|alys yeay pjemioq —

SI010W SDY
S|laued SS90y .

pIaIys Jeay juswiedwod mal) —
sbn|d dwnp |an}/19zIpIXo (SDOY) WaISAS |01U0D UONILDY .
S]|0Q 811 UOISUD |

PI|Iys lesy Yv —
:SUOIBIO0| [e3S

saseb Anusal joy Jo uonsabul juanald e

S[eas |ewJiay] ainyesadwa| ybiH

uonensIuIWPY 82eds pue sonneuolay [euoleN

425

NASA/CP—2007-214995/VOL1



AODeseu’ MMM

Y001 yluuAge1 —
s19yseb auodl|IS —
:JUBWIUOUIAUS AlJUBaI 1SISal 1SNW S[eaS

plaIys jesy Py

?—88828-90-A0

plalys yesy
Wwawipedwos mald

deo aoea)u|
PISIYS TesaH Juswinredwod maiD-01-p|oIys 1esH NY

uonensIuIWPY 82eds pue sonneuolay [euoleN

426

NASA/CP—2007-214995/VOL1



AoDeseu MMM

wiea.]s-9914

T

(premas))
MO|} paleledas

deb reau uoneredas mo|4 —

9oualajwnald ansded
punoJe jusipelb ainssald —

deb yum paubije Ajjenred mojl4 —

(prempuim)
) MO|} payoeny

pIeMas]

PISIJMO}} [euOISUSWIP-g@3aly ] e
\w/ Juaipelb xn|j yeay fenualajwnoi) —
\\ 1uaipelb xnjy yeay |eixe ybiy A1ap —

AN e o1paid 0} Ynoiyip
AWM 6 deb Jeau JuswuoIIAUS [eWIBY |

PIEMPUIAN

JUSWUOIIAUT [ewlsay | deo aosepiau

D

uonensiuiWpy adeds pue sonneuoIdY [euoieN

427

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

|991S
ssajurels

107R|qY

Jore|ge usamiaq 19yseb 1aInQ —

aIn1onJis |993s
SSso|ulels usamyag 1ayseb Jauu| —

:Sped OM] Ul PaWIO) 19YSBS) e
uonoadsul UoISSIW-ISOd —
|esas Jo Ajguassy —
29eIns 19yseb Jaddn
0] paljdde jusbe asea|ay -«
Juabe IAlle|IqQY —
9se3|3Y Aljigeded aunjeladwa) ybiH —
deb |1} 01 pasSn BUODIIS ALY

J07R|qY

S19¥Se9) auol|IS
deo aoep8lu| paIYS 1esH

uonensIuIWPY 82eds pue sonneuolay [euoleN

428

NASA/CP—2007-214995/VOL1



AoDeseu MMM

subisap [eas mau Mmojje Aew juswadueApe Jo Sieah oy —
siseq e sk pasn aq Aew s[eas ojjody —

ubisap [eas A3JD
|NJSS922NS SeM aUO0dI|IS SMOYS aduauadxa 1ybi4 —
101paid 01 JN2IYIP JUBWUONIAUT —
deb aoeiayul
PISIYS 1eay Juawpedwod Mald-01-plalys 1eay yv
S[eas auodl|is ainesadwa) ybiH e
S|eos [ewlayl —
S[eas auo02l|IS Pap|OW-1eaH e
19)seb Jawoise|a ojul pappaqua abpa ajIuy e
S|eas aInNsSsald —
AJD 1o} sjeas bulubisap
pue Bbuipuelsiapun 10j SISeq e Se pasn s|eas o||ody

suoISNOU0D

uonensIuIWPY 82eds pue sonneuolay [euoleN

429

NASA/CP—2007-214995/VOL1



AoDeseu MMM

Xipuaddy

uonensIuIWPY 82eds pue sonneuolay [euoleN

430

NASA/CP—2007-214995/VOL1



AoDeseu MMM

sdeb p|alys 1eay-1o1u| e
suonefnsuad plaIys 1eaH .
JUBWUOJIAUB Anuaal ojjody e
sleas (Sd.1) walsAS uonoalold [ewuayy ojjody —
suonenauad uiged Mald 10) S[eas
alaydsowie uiged mal) e
S[eas aInssald ojjody —
S|eas pue 9|JI1YsA 0||ody JO MBIANIBAQD e
AJD pue ojjody usamiag sadualdliq —
9|NPOoW puewwod ojjody JO M3IAIBAD —

ATJD 93Ul JO M3INIBAQ —
ojjody 01 paJedw oo 3]21YsA uoirelo|dxg maid

MBIAIBAQ

uonensIuIWPY 82eds pue sonneuolay [euoleN

431

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

S|eas a|qeade|dal Ajiseq —
uonepelbap [esas ajeulwl|g e
abeyes| aonpay .
s|aued pap|am ayelsodiodu] —
Jel1oadeds uoneinp-buol
10J SUONePUBWIWOIDY e
SSO| ollaydsouwe Jo 824nos Joley —

suolne.inp uolissiw
110ysS J0j abeyes| a|jgeidaddy —

|[auun) pJemioj ul pasn ALY SNy —
ALY Yyum pajeas suuiol jsued e

uonensIuIWPY 82eds pue sonneuolay [euoleN

432

NASA/CP—2007-214995/VOL1



AoDeseu MMM

Speo| [ewlayl Mo —
Bull-O auodl|is ainesadwal-ybiH —

[eoS [BWIay] e
19y seb ojul abps
aJluy passaldwod ainssaud uiged —
|]auun) apisul 19yseb Jawolse|q —
yorey uo abpa ajiuy [e1IBIN —
|[eoS 9INSSold e

uonensIuIWPY 82eds pue sonneuolay [euoleN

433

NASA/CP—2007-214995/VOL1



AODeseu’ MMM

Seued Jauu| v._mmm ALY

ALY yum pspuog —
auO02I|IS paJind-leay padlojuial
-410]2 sse|b yum psess -

eal|IS snoydiowe pasng —
aued uonoajoid jewuayl 181INQO e

i ALY yum sinsded 0] pspuog -

Bueod ALY —

loye|nsul sse|biaqly oAeniN —
1aAe| Bunensu| .

Ald UM pafeas —

winnaoe _
) A et uaboniu yum paj|y deb tjsuu|] —
. % [elIaTewW aedljIsoulun)y —
SUODI|IS soued ainssaud Jauul OM] .
Pa2JoJuIRy aued JaInQO

SMOPUIAA S|NPOIA PUBWIWOD

uonensIuIWPY 82eds pue sonneuolay [euoleN

434

NASA/CP—2007-214995/VOL1



AoBeseummm

_Tg 'dd",0jj0dV [ENMIA,, ‘UEAIINS 11005

uoneasIuIWpY a0eds pue soNneuolaY [euoneN

435

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

D

|991S SSajuIelS wnuiwn|y

101e|QV
ped a1eulwe| sse|biaqi4 /

dno Bundepy

L

rry.
P
S
Q)

~——

1]0Q 9l] uoISuo |

a1luoLIB|A

s)jog a1 uoIsua|
pue sped Jeays/uoissaidwo)

uonensIuIWPY 82eds pue sonneuolay [euoleN

436

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

uonensIuIWPY 82eds pue sonneuolay [euoleN

437

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

Bn|d dwnq |an4

bnjd dwn@ 18zIpIxo

uonensIuIWPY 82eds pue sonneuolay [euoleN

438

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

-

SINJ J0ZelJ UOoISSIW-1SOd —

XNj} 1leay mo —

uone|ge Jo aduapIns aI —
S|eas JO uonoadsul [ensiA e

s|laued Ssaddy —

SJojow
(SDOY) WaISAS |03U0D uonoeay —

‘Ul sdeb [eas 0] pasn ALY

uonensIuIWPY 82eds pue sonneuolay [euoleN

439

NASA/CP—2007-214995/VOL1



AOBeseu’ mmm

19)Seb auo2l|IS Ylm pafeas Jarawiiad jojow SOY
|eas g|ng auo2l|Is paind-leay Yyum pajeas deo
P3J9A0231 10U PIBIYS 1eay plemio4 —

‘_m_\_uwmou SPI=IYysS Jeay oiaype jou pPjnod |jeas —
pauosmal p|aiys resy premio

deb 1e xn|j reay mo-

[eas qing ~J_..

19xseb auo2I|IS

deo aoea)u| plaIyS 1eaH pJemio
\9 -0)-Pp[3IYS 1eaH juswpedwo) maid

uonensIuIWPY 82eds pue sonneuolay [euoleN

440

NASA/CP—2007-214995/VOL1



AoDeseu MMM

uone|ge [ed0| Aq paloajje 9|2IYaA 0] JIajsuel] JeaH e
1aAke| Arepunoq paJajje Ajrewiuiw uone|qy e
S|apow 1ybil yum pasibe sijuswainseaw ainssaid 1ybijq e

UOI3e| Qe INOYNM

19Ae| Arepunog /

uone|qe yum
19ke| Aaepunog

O3 wol} Anuasy

uonensiuiWpy adeds pue sonneuoIdY [euoieN

441

NASA/CP—2007-214995/VOL1



AoDeseu MMM

paonpal p|alys 1eay [e21u0d U0 XN|j Jeay pue alnssald
1aAe| Arepunoq palaje ares uone|qe ybiH -«
s|apow 1ybij} uey)y Jamo| Ssjuswainseaw aINsSSald e

uoljejge 1noyum
19ke| Aaepunog

uone|ge yum
13Ae| Arepunog

Anuaay [elqioladng

uonensIuIWPY 82eds pue sonneuolay [euoleN

442

NASA/CP—2007-214995/VOL1





