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Foam and Tile

¥=fander: r.h,daughextvEpop,.lars. nasa,
Dabe: Tue, 28 J=n 2063 14:15:27 -0500
T *SE FT, MRRE J" <M.J,SHUARTElarc.:

¥
rs E. Daughsrty” <r.hi.
&

Mark. .

arcund the orkiter bipeod support coming
rouned the main gear decors. So far,

current model of drag associated with

ard soma thought exercizes of What'might happen if
ng that is argusbly wvery unliksly.

they =alk about & test in which the ‘crater’ coused By an lppact test dug out
thelr sztimata
Eopefully I'm resding that

No cfficial
going on as far as I know regarding landing with

ints....somet
pitch,
3 gublic
inches of
uteide thelr
And there is no

inches of tile.
Teratar"
test database.
formal gimulation

They =ay

Lwo t_:ea flat prior teo touchdown...it
the hmes VMS in astronaut training where thay

ig peing simulated right now at

flat i

are using _}

at two tires flat if they can sgueezs
more...1if dao.
Balb

s
il

P

davgh

,attached are two files that I've

&
or imtelvement has been one of providing th

our newest load-persistence model zo Lt idg a wvery convenient

gov

=
ertyElarc.nesa. g

racaived regarding the concérn abpout
off and pesaibly dzpeging tilss ... p

=1
Hia

foam

fat-ial=
-

two tirez f£lat pricor to ho:cnﬂcwn

the whesl well were bhurned

Intersstingly, in the powarpoint

landing with

iflight conditien' is 1920 cubid
wrong, but as they say...that 1s way
request has been made upon us at this tims,
5 just & coincidence that landing with ONE tire
:iwe ko loaok

I hear

it in. wWill keep vou informed as

e R VR B T | T

E212.mpg

Printed for '"Mark J. Shuart" <m.j.shuart@pop.larcnasa.govs - ——-



r.m.martin-larc.nasa.gov, d.L.dwoyer, L/28/03 4:08 PM -0500, Fwd: Foam and Tile 1

To: r.omooectin-lars.nasza.gov, 4.1 dwover
From: “Mark J. Shuart! <m.q.shuartSpop,larc.nass.govs
Subiect: Fwd: Foam and Tils
Ce:
Beoc:

¥-Attachments: Deh ris.ppt [:L E212.mpg

| zuch, Doug.

I am sending this to both of you since Doug is off-gite and I thought the 0D ocught
kmow. Also, I o advised shaws the fast shat this incident ocourred ls not being
widely discussed. T'I1 kesp vou informed if we get more calls......Mark

Date: Tue, 28 Jan 2003 14:15:47 -G500

Teo: "SHUART, MARK J' <M.J.SHUARTELarc.nasga.gove

From: "Roebert H. Daughercy" <r . h.daughercy@larc.nzsa.govs

fukdact: Foam and Tile

Cor H.M.ADEIMANElare ,nassa.gov

¥zrk .. .sttached are twe files that I've received regarding the concern ahout ET foan
around the orbiter bipoed support coming off and possibly damaging tiles ... perhaps
around the main gear deors. Se far, ocur invelvement has bsen one of providing the
ourrent medel of drag associsted with landing with twe tires flat priecr to touchdawn
and soma thougrt exsrcises of what might happen if the whesl well were burned
into....something that is arguably wery unlikely. Interestingly, in the powerpoint
witch, they talk sbout z test in which the ‘crater” caused by an lmpect test dug out
3 cukic incheas of tile. Thaey say thelr estimated *flight condirion® is 1920 cubic
inckes of "crater'. Eopefully I'm reading that wrong, but as they say...that iz way
purside their test datzbase. o offiecizl reguest has besn made upon us at bhis
time. And there iz no formal simlation geing con as far as I know regardlng landing
with two tires flat pricr to touchdown..,iis just a colnecidence that landing with
ONE tire flai iz being simelated right now at the Ames VME in astrenaut tralning
where they are using our newest load-persistence model so 1t iz & wery convenient

bime to look at btwe tires flat {F they can squessze it in, Will kesp vou informed zg
I hesr more...1if I Zo.
Zob
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Printed for "Mark J, Shuart” <mj.shuart@popIarcaatagavs



d.lLdwoyer, r.m.martin, 1/30/03 8:15 AM -0500, Fwd: T 1}5 Damage Update

To: d.1.dwoyer, r.m.martin
Frem: "Mark J. Shuart® <m,Jj.shuartpepn.lars.nasa. govs
Subject: Fwd: Tile Damage (pdate
ez
Boo;
H-ritachmencs:

. T T

[ Doug, Ruch,

e fabent s nEoon, the Shictiects bulloy., It Allibe dnteresting Lo peantasieptenty oF
the damage after landing on S8aturday...... rk

Date: Wed, 29 Jan 3003 15:51:28 -0500
To: "SHUART, MARE J" <M.J.SHURRTElaro.nasa,gows

Frowm: "Rokert H. Daugheriy" <r. h.doughercv@lsarc. nsss.govs

Subjecit: Tile Damage Update
H.M.ADELMANG lars.nasa , gov

b
Ml
e

Hi Mark,
Wothing terribly new but & fow things talked sbovt todsy with some folks zt the ames
VHS., Apparently fhe current "official® estimate of damsge iz 7 inches by 30 laches
by helf the depth of the tiles down to the densified level., Ome of the bilgger
concerns 1s that the "gouge' may cross the main gear door thermal Barrier and permit
a breach there. No way to know of gourse. A JEC calleagque and I talksd to the sin
guye and are urging them to simulare a landing with two tires flat pricr to
touchdown...it is as simple ax hitting a software button and simply dedng it...but
gince no Urbiter Program Management is "directing' the sim commubnity to de this it
might need to get dome "at night'. 2an anecdote they told us is that this was
elready done by misteke this wesk and the commarnder lost control of the wvehicise
durdng cur lead-persistence simulatiens. It seems that if Mission Cperstions. wers to
see korth tires pressure indicators co to zero during antry, they would sure as hell
want to-knew whether they should land gear up, try to deploy the gear, or go
bailout...we can't imagire why getting infermation im belng treated like the plague.

Apparenily the thermal folks have used words like they think things zre

sgurvivable", but "margingly,

T imagine thisz 15 the laszt we will hear of this,
Take care,

Bab

~Printed for *'Mark J; Shuart" <m:jishuart @ pop.larcnasa.goys



dddwoyer, 1/31/03 2:00 PM -0300, Fwd: RE: Main Gear Breach Concerns

To: d.1.dweyer

From: "Mzrk J. Shuart' <m:.9.shuart@oop.larc.nsss . govs
Subject: Fwd: EE: Main Gesar Breach Conserps
Cc:
Bola
-hitachments
'Enug,

Here's the lactest from J57 on the damage To the orbiter tilss.
believe all haz been addrasesed...... Mol

lachnarliisc.neea . gove

To: "'Robert H. Daugherty’'* <r. h.daughertv@larc i faard

Cor MLT, HALAHTala::.nasa.gau, d M AJELMANGlars.n
"CnMPnELL CRALISLE C., JR (JT390-E53) t*ASA:”
carlisle.z.campbellinaze. govs
ubject: .'L. Main Gear Breach Concerns
Date: Fri, 31 Jaz 2003 12:17:34 =0400

From: "LECHMNER, DAVID F. !JSS—QEEEJ (USA) " <david.f.
.Aasa

Eoi,

I really appreciate the sandid remarks. hs always your polntes have
genarated extremely valoable discussisn in eur group. Thank weu. We have
been discusging and continue te dizcuss the all possible scemarios,
slgnatures and decisions., Your imput is berneficilal. Like averyins, wa hope

that the debris impact analvsis is correct and all this discussion is mute.

David F-M Lechner

Snace Shuttle Mechanical Syerems

Machanlical, Malntensnce, hxm & Crew Svstens [MMACE)Y
United Space alliance, Johnson Spacse Center

(281) 483-1:35

————— Originel Messigo-—e—-=
From: Rebert H. Deughezty (mailtoses. b dovahersvilare neges . oo
Sent: Thuraday, Januszy 30, 20053 5:23 DM

To: LECHNER, DAVID F. (JSC-DFS2) (U8h}

Cor MOJ.SHUARTBLlarc.nasa . gavs H.M ADELMaNElarc.nesa.gov; CAMPEELL,
CARLISLE C., JR {J2C~- BES2) [MASA)

Subject: Main Gesr Bresch Concerns

Hi David,

I talked o Carlisle & bit ago and he let me know you guvE ab MOD were
getbting Inte zthe leop on tae tile damace lssus. I'm writing this email not
rezlly In an official capacity but gince ws've worksd together so many

cimes I fesl like ! san say pretsty much anything o you., and befeors I
begin I would offer that I an admittedly erring way on the =zide of aksolute
warst-csse scenarios and I don't really pelieve things are as bad 2= T'm

getting readv to meke them out. Bur I certainly belisve that te nes ke
ready for a gut-wrenchlng decisgicn aftar seeing instrumentetion in che

wheel well not be there after entry is lrrasponsible. One of my personal

cﬂeorie¢ iz that vou should gerisusly consider the possibility of the gear

Lagks like they

~Printed-for “Mark J. Shuart'" <m.j.shuart@po p-larc.nasa.govs



d.ldwoyer, 1/31/03 2:00 PM -0500, Fwd; RE: Main Gear Breach Concerns

B8

net deploying at all if thers iz & substantizl Breach aof =he wheel

well. The reasen might be that as the tempe increase, the wheel [{aluminum}
will lose material propertiss as it hests up and the tire pressure will
increase. At some point the wheel could fail and send debris

everywhere. While it is true there are thermal fuses in the whael, if the
£ateé of heating is high enough, since the tire is such a gocd insulater,
the wheel may degrade in strength enough teo let go 2ar kelow the 1100 pei
or sc that the fire normally bursts at. It 2eems to me thas wich thar wmuos
carnage in the wheel well, something could get sorewed up enough to prevant
deplevment and then vou are in a world of hurt. The Eollowing are
seenarios that might be possible...and since there are so many of tham,
these are sffered juszt to mekes zure that some things don’'t =2lip thry the
cracks.,.I suspect many or a2ll af thess have heen gone over Iy wou guys

alrezdy:

L. People talk abous landing with twe flar tirves, .. I did tco uneil this
came up. If both tires blew up in the whesl well [(nod talking thermal fuse
and wventing but explosive decomp due to tire and/or whesl failurs) the

the whesl well will e in the 40 + poi range. The
resulting leads on the gear door | & guarter millien lbs) would almest
certainly blow the door off the hinges ar at least send it out inzc the
sliz stream...cacastrophic. Hven if you could zurvive the heating, would
the gear now deploy? And/or alse, could you even reach the runway with this
kind of drag?

2. The explosive bungies...what might be the posgibilicy of these firin
due te excassive heeting? If they fired, would they send the gear door
and/or the gear inte the slipstresm?

3. What might excessive heating de to 21l k¥inds of other hardware in the
wheel well...the hydraulic £luld, wplocks, etc? Are there vulnerable
hardware items that might preven:z deployment?

4. ZIf the gear didn't deploy ( and you would have to censider this hefore
making the commitment teo gear deploy on final) what weuld happen
control-wise if the other gear is down and are 1= up? (I think Howard Law
and hig eommunity will tell you veu'rs finished)

5. Do you belly land? without any other planning you will have alresdy
carmitted to K3C. Rnd what will hapoen during derotation in a gear up
landing (trving to stay away from an asymmetric gear situation for example)
since you will be hitting the afr end bedy flap and winge and pltchine deyn
axtremaly fas: a la the old %-15 landings? My guess is you would have an
extremaly large wertical decel situation up in ths nose for the

crew.  While directional conztzol would be afforded 1n some part by the drag
chute, . .do you want to count on thaz te reep you out of the mozbd

§. If a belly landing is unaccepizbla, ditching/bailout might be next en
the list. WNeot & good day.

7. Aasuming wvou can get to the runway with the gear deploved but with two
flat tires, can the commander contrel the vehicle both in pitch and lateral
directions? One concern ig exceszsive drag (0.2 g's) during 70 threughout
the entire saddle region making the derstatien urncontrollable dus to
saturated slevans...resulting in nose gear feilure? The addition of
crosswinds weould make lateral contrel 2 tough thing too. Simulating this,
because it is so ridiculously sasy to do [sims goling on this very minute at

AMES with load-persistence) seems like 2 rezl no-hbraines.

owveErpressure in

Admictedly thie is over the top in many ways but thiz iz & pretty bad time
Lo get surprised and have to make decisziens in the lest 20 minutes, ¥ou

can ¢ount onm us o provide any support you think veu need.

~Printed for "Mark J. Shuart" <m.j.shuart@pop.larc.nasa.covs



- d.Ldwoyer, 1/31/03 2:00 PM 0500, Fwd: RE: Main Gear Breach Concerns

Best Regards,

Zob

Printed for"MarkJ. Shuart” <m.j.shuart@poplarc.nasa.gov=



Dennis m. Bushnell, 2/5/03 9:03 AM ~0500, Shuttle Heating/T PS

X-Sender: d.m.bushnell@express.larc.nasa.gov

Date: Wed, 5 Feb 2003 09:03:38 -0500

To: d.l.dwoyer@Ilarc.nasa.gov, d.c.freeman@larc.nasa.gov,
c.m.darden@larc.nasa,gov, c.eharris@larc.nasa.gov,
r.m.martin@larc.nasa.gov, a.kumar@larc.nasa.gov,
m.p.saunders@larc.nasa.gov, j.m.mckenzie@larc.nasa.gov,
m.j.shuart@larc.nasa.gov, g.r.faylor@larc.nasa.gov

From: "Dennis m. Bushnell" <d.m.bushnell@larc.nasa.gov>

Subject: Shuttle Heating/TPS

Was on Travel - Just returned,reason this was not sent earlier.. [called Doug
on this Sunday around noon].Maybe "you'all" already know this...

1.Undersighed was on the Walt Williams/NASA Chief Engineer Shuttle First
Flight Certification team in 1980/81 Responsible for Boundary Layer
Transition/ TPS/Re-entry Heating. The report we [Tohn Bertin and I ] sent in
indicated the Following:

- Peak Heating is at some 218 Kft.IF the flow is turbulent af Peak heating
the heat shield would/could burn through the wheel well doors [even with

undamaged files].

- Transition data from previous flights [Prime,Asset etc.] indicated
Transition Reynolds Numbers at Shuttle Hypersonic Conditions on admittedly
rough surfaces well below a Million Reynolds Number but the data were all

over the map.Taking the lower bound [with a rough surface] Turbulent flow at

peak heating appeared possible...We therefore specified tile-fo-tile and file

gap smoothness criferia which were preffy severe.

_ As T recall the observed shuttle transition is usually around 180Kft.

2.0n the first flight there were thousands of dings/gouges in the tiles post

Printed for Karen Evans <k.w.evans@pop.larc.nasa.gov>



Denpis m. Bushnell, 2/5/03 9:03 AM -0500, Shuttle Heating/TPS

flight which were almost all on The lef+ wing and traced To ice impingement
from launch vibrations dislodgment of the ice which builds up on the external
tank dump line - WHICH 1S LOCATED IN PROXIMITY TO THE LEFT WING
ON THE STACK [Dump line is attached to the tank but runs down the side of
the tank near where the windward side of the left wing is positioned when
mated fo the tank in the launch stack].Why this dump line was not
repositioned fo the other side of the tank away from the orbiter I do nof
understand....Over the years each flight has experienced a unique set of heat
shield damage from this ice impingement and as a consequence shuttle
fransition varies mighfily flighf-’rmflfgh“r.Savem! times This damage was quite

SEVEre.

3 All of this [1 above] is for undamaged [in The sense of thermal protection,
not transition/roughness] tiles.More extensive tile damage whether from
external fank insulation or ice impingement would obviously add insult fo injury
and compromise TPS integrity AS WELL AS ACT AS A BOUNDARY LAYER
TRIP.IF the gouges were extensive enough then free shear layers form which
have VERY LOW TRANSITION REYNOLDS NUMBERS [below a hundred

thousand] AND large Impingement HEATING PEAKS.

We [the agency] should have done more analysis of this whole situation/taken
it more seriously as well as repositioned that tank dump line to minimize ice
impingement....The ice buildup/fracture patterns/subsequent impact
patterns/effects due fo launch vibration/loads is hot deferministic.Just The
ice sans tank insulation,could conceivably have caused "Grievous Harm"...

Dennis Bushnell

e

Printed for Karen Evans <k.w.evans @ pop.larcnasa.gov>



Columibia Accident - Leunch Debris Observetions

che theory that debris
damaged Columbis’s left wing guring lsunch on January 15, 2003, T would 1ike to
b= =25le to cdiscuss these ldeas during sn appropriate molumbia zocident
investigation meeting nera ab LaRC.

I would like to offer several ehservations regarding

1. rThe video footage (apparently provided by the ESC Ice & Debriz Tean) appesrs
to show that the debris, qeenmed to be polyisocyanurate foam £rom the external
sank (BT}, may mnot have originated from the ET. o the first Zew £rames of the
wideo ssguence, the debris sppears Lo oome #weom g location chscoured LY tha
oibiter and ricochets off the ET. The origin of debris still could be from the
ET, or poesibly the mderside of the orbitel. frer contackting the ET, the
debris fragments into two wvigible pisces. The fixst, gpparantly smaller, debris
fragment produces 2 small shower of particles that can be Seexn at the trailing
edge of the left wing. The sscond, larger plecs of debris spoears to result in
s much lazger impact on the trailing edge of the left wing. The debris may have
been madse of ice or some other mate=iml{s) and could be much mors massive than
che celoulated 1.211 kg (2.57 ik.)., If the photogrammetric messUrenseits ‘
accurately measursd the debris to be 0.508 x D.406 X o.a52 meters (20 x 16 x &
inches), and it was made of sclid ice, the mass could be approximately 28.7 kg
(2.4 1lb). The ensxXgy seleased from this impact could be zlmost 25 Limes
greater than astimated. rher dense materizls, such a3 aluminum, would maks
chig Ampact sven mbre dapaging. I would like Lo suggest & re-gxznination of the
debris impact video fsotage Lo determine if the fragment(s) ceuld have
stiginated from another locatiscn, poesibly &=n ide meildup somewhere under the
orbiter. As a weference, if the debris was 1.211 kg. and gEEUMing a
conservative relative impact valocivy of 457.2 mfs (2 x 750 £ps wsed in the J3C
aralyeis), the kimetic energy would hawve egquivalent teo a 500 “h pafe impacbing
st 75 mph. If the debris was 38.7 kg, that would he the eguivalent of a 500 1

zafe hitting the wing at 385 melt.

2. If =he ocbservation in #1 zbové cen DTOVaR =m be incerrect, and it can b=
definitively determined that the derris was foam imsulation fxom the ET, theze
ct3l) sppears to be an iEsue regaiding Lts thickness. It has been zetimated
that the debris was 0.152 meters (5 inches) thick. Ssveral sources that I Dave
found indicate that the ingulation i sprayed on the ET to a thickness of 1-2
inches. It is certainly pogeible that sertein locations on the ET may have
imeulakion that is § iaches in depth, but how thick was the inmsulation at the
ooint whers it ig belisved to have separated? How zomurately A8 thieg location
Fnewn? I &ssumed that the volume of ET ingulation can be approximated by 2 tkin
walled cylinmdrical body with £lat, circular plates on sach end. I assumed that
che ET was 46.3 meters (153.8 ££) 4n lemsth,

& 477 mekar (27.65 ft) in dismeter.
T used a densiey of 38.53 ke /m™3 {caleulated fxom the mass and size of the foam
debris assumed im £1 2hovel.

Using a uniform thickness of 0.1.52 meters (& ipches), I estimate the totnl MAREE
‘»f the insulatien to be BOBO kg (17,813 1b}. hig is 3.7 times greater than e
2187 kg (4823 1b] thst is ctzted on the NASA Eumsn Spsce Flight shuttle
neference web page. A 0.0254 metex {1 ipech) thickness results in a total mass
of 1328 kg (2828 1k}, =nd & 0.0508 metar (2 dmchi thickness resulze in a botal
mase of 2584 kg {5873 1lb). Thege tobels are comoistent with 2 thickness of -2
inches. =t iz possible thas tha numbers staled cn the Specs Flight weh page are
sete very acsurate, bet I wewld not expsct them to be chac much off. I have not
hezwd any discussion abcutl wariations in the insulation tuickness, and I weould
: wne Aebriz was entirely ma

-

1ike o understand how certain WE fan o

LOan.
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' : x
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Colurbia Accident - Launch Dicbris Ohservations

would then allow extrame heating to eccur down the lepgth of the wing. How many
ra-gntries had the tiles in the area of the suspected damage been thzough? Is
it possible that thils area could have had "oldsrt tiless that could be more
easily loosened fwom the wing during impact, Dut cmly separated during ze-entry
or later during ascanht? Conld the impact result in & significant ipcreass in
the surface roughness of the tiles around the impact area, apd could this zesult
in & high turbulent heating that caused tiles &o ke shad during re-enbry?
Finally, it is ressonsble that the impact sould have multiple effects on the

orbiter, such zs damage to control surfaces.

o these observaticms. I bope that they ave

Thanks very much for your attention
serrible loss for the astronauts and their

helpful in the investigation of this
families, MAER, =nd cur sountry.

pralt =+

Tan

Danis=l D. Mazmanek

Spacecrait and Sensors Branch, ASCAC
g Langley Boulsvard

NASA Langley Reseaxch Centex Phome: (757) 864-1735
Mail Stop 328 Fax: {757) BEL-1ITE
Hampton, WA 235BL-21052 E-meil: d.d.mazensk@lars.nasa.gav
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