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Structural Seal O
bjectives and B

ackground

•
G

oal:D
evelop high tem

perature, long life, 
control and propulsion system

 seals w
ith the 

aid of appropriate test/analysis m
ethods

•
Areas of D

evelopm
ent

•
Propulsion System

 Seals
•

3
rdG

eneration R
eusable L aunch V ehicle

•
ISTAR

 Engine (R
BC

C
)

•
C

ontrol Surface Seals
•

3
rdG

eneration R
eusable Launch Vehicle

•
X-38 / C

rew
 R

eturn V ehicle
•

X-37 / Space M
aneuver V ehicle

ISTAR
 Engine

Inlet R
am

p Seal

ISTAR
 Engine

(P&W
/Aerojet/Boeing/R

ocketdyne)

X-38 C
R

V

C
ontrol

Surface Seals

C
D

-01-81812

H
igh

tem
perature

structuralseals
are

necessary
in

m
any

aerospace
and

aeronauticalapplications
to

m
inim

ize
any

detrim
entaleffects

originating
from

undesired
leakage.

T
he

N
A
SA

G
lenn

R
esearch

C
enter

has
been

and
continues

to
be

a
pioneer

in
the

developm
entand

evaluation
of

these
types

of
seals.

T
he

currentfocus
for

the
developm

entof
structuralseals

is
for

the
3
rd
G
eneration

R
eusable

L
aunch

V
ehicle

(R
L
V
),w

hich
is
scheduled

to
replace

the
currentspace

shuttle
system

around
2025.

Specific
areas

of
developm

entunder
this

program
include

seals
for

propulsion
system

s
(such

as
the

hypersonic
air-breathing

IST
A
R

engine
conceptbased

upon
R
ocketB

ased
C
om

bined
C
ycle

technology)
and

controlsurface
seals

for
spacecraftincluding

the
autonom

ous
rescue

X
-38

C
rew

R
eturn

V
ehicle

and
the

X
-37

Space
M
aneuver

V
ehicle.
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Perform
ance C

riteria for H
igh Tem

perature Seals

Prim
ary R

ole of H
igh Tem

perature 
Structural Seals:

•
M

inim
ize leakage

�
Propulsion System

 Seals:     
Prevent unburned fuel from

   
leaking into backside cavities

�
C

ontrol Surface Seals:            
Block excessive heat flow

Perm
anent set

!
G

ood insulatory properties →
block heat flow

!
G

ood flexibility →
conform

 to com
plex airfram

e and
propulsion system

 geom
etries

!
G

ood resiliency
→

m
aintain contact w

ith opposing
surfaces under dynam

ic conditions and over 
m

any cycles
!

G
ood w

ear resistance
→

m
aintain seal continuity 

under dynam
ic conditions and over m

any cycles
C

D
-01-81812

T
he

prim
ary

role
of

structuralseals
is
to

m
inim

ize
the

leakage
of

elevated
tem

perature
fluids

and/or
gases.

T
hese

hotfluids
or

gases
could

dam
age

or
destroy

criticalflightcom
ponents

if
notproperly

sealed
and

could
resultin

loss
of

the
aircraftor

even
loss

of
life.

A
s
an

exam
ple,consider

the
potentialfailure

of
the

rudder/fin
sealin

the
X
-38

craftw
hich

could
severely

dam
age

the
rudder

drive
m
otor

and
render

the
craftnearly

inoperable.
In

order
to

function
properly,

structuralseals
m
ustm

eetor
exceed

certain
perform

ance
criteria,including

good
insulatory

properties,excellentflexibility,consistentand
effective

resiliency,and
superior

w
ear

resistance.
T
he

prim
ary

focus
of

this
presentation

is
on

the
developm

entof
testing

rigs
to

evaluate
these

lasttw
o
properties.
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H
ot C

om
pression / Scrub Seal Testing R

ig O
verview

System
 C

om
ponents

�M
TS M

odel 318.25 Servohydraulic Load Fram
e

�
55 kip load fram

e
�

3.3 kip, 6 in. stroke actuator
�

220 lb, 3300 lb load cells
�

5.5 kip alignm
ent fixture

�
11 gpm

 H
PU

�
D

ual servovalves (1 gpm
, 15 gpm

)
�

TestStar IIs controller
�ATS Series 3350 Custom

 B
ox Air Furnace

�
Tem

peratures up to 3000°F (14.5 kW
)

�
K

anthal Super 33 M
oSi2 heating elem

ents
�

Large w
orking volum

e (9� W
 x 14� D

 x 18� H
)

�
Front and back loading doors &

 top port
�

Adjustable laser alignm
ent fixturing

and shield
�B

eta LaserM
ike Intelliscan 50 Extensom

eter
�

N
on-contact C

lass II laser extensom
eter

�
0 in. �

2 in. m
easurem

ent range
�

±0.25 m
il accuracy

�
1000 scans/s

�
H

ot object filter

A
ctuator

Load 
Fram

e

Alignm
ent 

Fixture

Load
C

ells
Furnace

Laser 
Extenso-
m

eter

Seal Test 
Fixturing

C
D

-01-81812

O
ne

of
the

rigs
thatthe

N
A
SA

G
lenn

R
esearch

C
enter

is
assem

bling
for

the
structuralseals

area
w
illconsistof

three
m
ain

com
ponents:an

M
T
S

servohydraulic
load

fram
e,an

A
T
S
high

tem
perature

air
furnace,and

a
B
eta

L
aserM

ike
non-contactlaser

extensom
eter.

T
he

rig
w
illbe

designed
to

perform
tw

o
differenttypes

of
tests:com

pression
tests

to
evaluate

sealresiliency
characteristics

and
sealscrub

tests
to

evaluate
w
ear

perform
ance.B

oth
tests

w
ill

be
conducted

attem
peratures

up
to

3000
°F

(1650
°C

).
T
his

one-of-a-kind
equipm

entw
illhave

m
any

unique
capabilities

for
testing

of
num

erous
seal

configurations,including
dualload

cells
(w

ith
m
ulti-ranging

capabilities)
for

accurate
m
easurem

entof
load

application,
dualservovalves

to
perm

itprecise
testing

atm
ultiple

stroke
rates,a

large
capacity

high
tem

perature
air

furnace,and
a
non-contactlaser

extensom
eter

system
to

accurately
m
easure

displacem
ents.
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H
ot C

om
pression R

ig D
etails

Purpose
N

ew
 rig w

ill perm
it m

easurem
ent of seal 

load vs. linear com
pression, preload, 

& stiffness for various test conditions:
�

Tem
perature

�
C

om
pression level

�
Loading rate

�
Load cycling vs. stress relaxation

C
apabilities

!
Tem

peratures up to 3000°F (1650°C
)

!
Loads up to 3300 lbs

!
Stroke rates from

 0.001 in/s to 8.0 in/s
!

Seal lengths up to 4 in.
!

Seal diam
eters up to

2 in.
!

Variety of loading w
aveform

s
�

C
ycling (sine w

ave, saw
tooth, user-

defined profiles)
�

Stress relaxation

Seal Specim
en

Seal Fixture (SiC
)

Flags
Flags

Shim
 w

/T/C

C
D

-01-81812

O
ne

of
the

prim
ary

tests
to

be
conducted

w
ith

the
new

rig
w
illbe

high
tem

perature
(up

to
3000°F)

com
pression

tests
to

assess
sealresiliency

and
stiffness.

A
num

ber
of

param
eters

w
illbe

varied
for

these
tests

including
tem

perature,loading
rate,am

ountof
com

pression,and
m
ode

of
application

(single
load

application
vs.cycling).

T
he

setup
w
illconsistof

upper
and

low
er

SiC
platens

w
hich

com
press

a
sealspecim

en
residing

in
the

groove
of

a
stationary

sealholder.
Sm

allpins
(called

sam
ple

flags)
w
illbe

inserted
into

both
the

upper
platen

and
sealfixture

and
w
illbe

used
in

concertw
ith

the
laser

extensom
eter

system
previously

m
entioned

to
accurately

m
easure

com
pression

levelas
a
function

of
tim

e.
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t = t2

t = t3
(plates contact)

.25

.81

H
ot C

om
pression R

ig D
etails: Laser Extensom

eter

�
Laser extensom

eter w
ill perm

it very accurate, high tem
perature, 

non-contact m
easurem

ents of seal com
pression level

�
Total displacem

ent = Flag gap (t) �
Flag gap (t0 )

2 in. Laser 
�Sheet�

Boundary of 2 in. 
Laser Sheet

Sam
ple Flags

Seal 
Fixture

O
scilloscope Signal

C
D

-01-81812

T
he

laser
extensom

eter
system

(B
eta

L
aserM

ike
Intelliscan

50)
essentially

consists
of

a
transm

itter
and

receiver.
A
sm

allm
otor

inside
the

transm
itter

unit
spins

a
m
irror

athigh
speed

as
laser

lightis
em

itted
and

causes
a
laser

“sheet”
to

be
transm

itted.
T
his

sheetof
laser

lightis
detected

by
the

receiver
unit.

B
lockage

of
any

partof
the

laser
sheetresults

in
dark

areas
as

seen
by

the
receiver

unit.
For

the
currentsetup,sm

allSiC
flags

(rods)
attached

to
the

upper
platen

and
sam

ple
fixture

w
illbe

used
to

block
partof

the
laser

sheet.
A
s
the

sam
ple

platen
m
oves

dow
nw

ard
(com

presses
the

sealspecim
en),the

gap
of

light
betw

een
the

tw
o
flags

w
illchange

and
the

displacem
entatany

tim
e

tcan
be

determ
ined.
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H
ot Scrub R

ig D
etails

Purpose
N

ew
 rig w

ill perm
it m

easurem
ent of w

ear 
rates and frictional loads for various test 
conditions:

�
Tem

perature
�

C
om

pression level
�

Stroke rate and num
ber of cycles

�
R

ub surface conditions (m
aterial, 

roughness, surface profile)

C
apabilities

!
Tem

peratures up to 3000°F (1650°C
)

!
Loads up to 3300 lbs

!
3 in. stroke

at rates from
 0.001 in/s to 8.0 in/s

!
Seal lengths up to 4 in.

!
Seal diam

eters up to 2 in.
!

G
aps from

 0 in. to 1.125 in.
!

Variety of cyclic loading w
aveform

s
(sine 

w
ave, saw

tooth, user-defined profiles)
!

Pre-& post-scrub flow
 testing

Scrub 
Fixture

R
ub Plates

Seal 
Specim

en
Spacer 
Shim

s

Fixture 
Anchors

T/C
 Port

C
D

-01-81812

A
second

setup
using

the
sam

e
M
T
S
rig

w
illbe

used
to

assess
high

tem
perature

w
ear

characteristics
of

structuralsealcandidates.
In

this
setup,a

SiC
sealholder

containing
a
sealspecim

en
w
illflank

each
side

of
a
scrubbing

saber
assem

bly.
T
he

sealholders
w
illbe

held
in

place
by

a
novelhigh

tem
perature

anchoring
system

and
spacer

shim
s.

A
load

cellm
ounted

atthe
bottom

of
the

low
er

platen
w
illperm

itm
onitoring

of
the

friction
loads.

N
um

erous
com

binations
of

testing
param

eters
w
illbe

possible
w
ith

this
testsetup,including

various
tem

perature
ranges,sealcom

pression
levels,scrubbing

rates
and

profiles,etc.
T
his

design
w
illalso

facilitate
post-scrubbing

flow
tests,as

described
on

the
follow

ing
slide.
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Air Flow

Seal 
Specim

en

G
ap

Seal Scrub 
Fixture

Plenum
 

C
ham

ber

O
-ring 

G
rooves

H
ot Scrub R

ig D
etails: Pre-and Post-Scrub Flow

 Testing

Purpose
Am

bient flow
 fixture perm

its pre-
and post-scrub flow

 evaluations 
of candidate seals

�
Flow

 testing at 3000°F 
prohibitively expensive and 
com

plicated
�

D
esign m

inim
izes dam

age due 
to secondary handling (seal 
undisturbed betw

een scrub test 
and flow

 test)
�

M
odular design facilitates 

testing of m
ultiple seal 

configurations under different 
testing conditions
"

Test gases: air
"

Flow
 rates: 0 �

3000 slpm
"

Pressures:  0 �
120 psi

"
G

ap settings: 0 �
1 in.

A

A

Section A-A
C

D
-01-81812

8

R
oom

tem
perature

leakage
tests

w
illalso

be
perform

ed
on

sealcandidates
using

the
sam

e
sealholder

described
for

the
high

tem
perature

scrubbing
test.

T
he

design
of

the
sealholder

w
illallow

a
sealspecim

en
to

be
flow

tested
before

and
after

scrub
testing

w
ith

m
inim

alhandling
of

the
sealbetw

een
tests.B

ecause
the

sealholder
“drops

into”
this

flow
fixture,a

sealw
hich

has
justcom

pleted
a

scrubbing
evaluation

can
be

flow
tested

w
ithoutdisturbing

the
sealduring

secondary
handling.

Sealleakage
as

a
function

of
w
ear

dam
age

can
then

be
easily

evaluated.
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H
ot C

om
pression/Scrub R

ig: D
esign C

hallenges

C
hallenge

�
Sam

ple accessibility

�
H

igh tem
perature lim

its m
aterial 

selection for fixturing
�

SiC
 sticks at high tem

peratures
�

Fixturing attachm
ent difficult

�
D

ynam
ic loads m

ay dislodge 
connecting pins

Solution
�

Furnace designed w
ith front & back 

doors & split top plug
�

U
se fine grained dense alpha SiC

 
(H

exoloy from
 Saint G

obain)
�

M
inim

ize contact area, use shim
s

�
N

o threaded fasteners: use 
connection pins, use shim

s to create 
tight fit

�
U

se collar (w
ith �lockable� feature)

Testing of seals at high tem
perature presents num

erous design challenges!

C
D

-01-81812

T
esting

atextrem
e
tem

peratures
(up

to
3000°F)

presents
num

erous
design

challenges.
A
tthe

N
A
SA

G
lenn

R
esearch

C
enter,there

are
severalm

aterial
testing

rigs
thatapproach

these
tem

peratures.
H
ow

ever,m
ost,if

notallof
these

rigs
testonly

in
com

pression.
T
he

scrub
testing

thatw
e
plan

to
perform

requires
design

of
equipm

entfixturing
thatw

illperm
ittesting

of
relatively

large
specim

ens
in

both
cyclic

com
pression

and
tension.T

he
need

to
testin

tension
creates

m
any

design
challenges

to
overcom

e.
Severalapproaches

to
solving

these
issues

include
designing

a
furnace

w
ith

m
ultiple

access
points,using

the
m
ostadvanced

com
m
ercially

available
fixturing

m
aterials

(H
exoloy

from
St.

G
obain),and

em
ploying

m
ultiple

pinning
connection

system
s
w
ith

lockable
collars

to
preventdislodging

of
the

pins
during

testing.
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D
esign C

hallenge Solutions

C
onnection system

(upper platen com
pression configuration)

Section A-A

SiC
 R

od

C
ollar

Stem
 on 

U
pper 

C
om

pression 
Platen

Pins

W
asher Shim

C
ollar traps pins to ensure connection integrity

C
D

-01-81812

Slots in 
collar

W
asher 

Shim
Pins

A

A

O
ne

of
the

m
any

solutions
proposed

to
solve

fixturing
connection

issues
w
as

the
use

of
m
ultiple

pins.
In

this
setup,dualpins

are
used

to
securely

attach
the

upper
com

pression
platen

to
the

SiC
rod.

T
he

rod
is
designed

to
have

slightly
oversized

holes
so

thatw
hen

a
w
asher

shim
is
used,the

pins
becom

e
“pinched”

betw
een

the
rod

and
stem

of
the

com
pression

platen.
T
he

pins
are

held
in

place
through

use
of

a
lockable

collar
w
hich

uses
a
bottom

lip
on

the
collar

to
preventitfrom

dislodging.
Slots

cutin
the

lip
allow

initialplacem
entof

the
collar

around
the

rod
and

pins.
T
his

design
m
inim

izes
any

slop
w
hich

m
ay

occur
during

com
pression

testing.
Sim

ilar
designs

w
illbe

used
in

other
rig/fixturing

com
ponents.
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Purpose
C

om
bined seal flow

 and scrub tests w
ill 

be perform
ed in new

 am
bient test rig. Flow

  
rates through seals w

ill be m
easured for 

various test conditions:
�

Scrub/cycle dam
age

�
C

om
pression level

�
G

ap size
�

R
ub surface conditions (m

aterial, surface  
roughness, surface profile)

�
Scrub direction (e.g., transverse vs. 
w

iping)

A
m

bient Scrub &
 Flow

 Testing R
ig O

verview

View
 of seals in cartridge

C
arriage (in open position)Test 

seals

End seals 
(2 places)

M
etered 
air 

supply

R
otary 

cartridge

M
ovable 

rub surface

C
D

-01-81812

A
second

rig
being

designed
atthe

N
A
SA

G
lenn

R
esearch

C
enter

w
illperm

it
sim

ultaneous
evaluation

of
room

tem
perature

sealleakage
and

w
ear.

For
this

rig,
a
carriage

containing
a
rotation-adjustable

sealcartridge
w
illbe

placed
such

that
the

sealspecim
ens

are
in

contactw
ith

a
scrubbing

surface.
A
servohydraulic

actuator
w
ould

then
cycle

the
scrub

surface
across

the
seals

according
to

a
user-

defined
cycling

profile.
A
num

ber
of

differenttestparam
eters

can
be

adjusted
to

m
im

ic
actualservice

environm
ents,including

com
pression

level,rub
surface

conditions,and
orientation

of
the

sealw
ith

respectto
the

scrubbing
direction.
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View
 of rub surface

Actuator

M
ovable rub 

surface (shuttle 
tiles show

n)

C
apabilities

!
M

ultiple seal geom
etries/configurations

!
Seal lengths up to 8 in.

!
Scrub rates up to 12 in/s

!
Scrub loads up to 10 kip (frictional loads)

!
Stroke up to 12 in.

!
Active (pneum

atic) or passive (Belleville 
w

ashers) seal preload m
onitoring system

!
M

ultiple scrub directions (cartridge can be 
rotated)

!
Variety of rub surface conditions

!
Test gas: air

!
Flow

 rates up to 3000 slpm
!

Pressures range: 0 �
120 psi

A
m

bient Scrub &
 Flow

 Testing R
ig O

verview
 (cont.)

Seal active 
preload 
system

C
D

-01-81812

T
he

scrub
and

flow
rig

being
designed

atN
A
SA

G
R
C
w
illhave

num
erous

capabilities,including
differentsealconfigurations,m

ultiple
scrubbing

speeds/profiles,m
easurem

entof
frictionalloads,user-controlled

sealpreloading,
etc.

T
hese

capabilities
and

the
m
odularity

of
the

design
w
illperm

itevaluation
of

num
erous

sealcandidates.
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C
onclusions and Tim

eline

�
N

ASA G
R

C
 is developing and acquiring several unique high 

tem
perature seal test rigs to evaluate current and future seal designs

�
H

ot C
om

pression / Scrub R
ig

�
Am

bient Sim
ultaneous Scrub &

 Flow
 R

ig
�

Proposed initial seal fixture configurations:
"

X-38 rope seals (0.62 in. diam
)

"
C

eram
ic w

afer seals (1 in. x 0.5 in. x 0.25 in.)
"

O
ther seal configurations to be m

achined at a later date
"

C
ustom

 configurations as m
utually arranged

H
ot C

om
pression / Scrub R

ig 
Am

bient Scrub &
 Flow

 R
ig

Fabrication C
om

plete
Q

2 FY02
Q

2 FY02
Installation C

om
plete

Q
2 FY02

Q
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