DOCKETNO. SA-516

EXHIBITNO. 18B

NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C

METALLURGY / STRUCTURES SEQUENCING GROUP
CHAIRMAN’S
REPORT OF INVESTIGATION

Supporting Documentation for
OVERALL BREAKUP SEQUENCE
Materials Laboratory Report No. 97-38



Sequencing Report
PageNo. 88 1

Metallurgy / Structures Sequencing Group Report

Appendix B: Detailed Rationale



@Q\,\

L6/YT/10

E i
9
<
2™
(1-g 2m3y
905) "001 "I Pue ‘9. 199 ‘s 19T ‘O 147 18 Sutundoo
sangoesy oY) 0y J0u1d paISIXa T#GMS Fuore armoely
a 1ey) Sunsa88ns 1#gm S Suore Surruny sinjoeiy o)
JO 1Je 10 PIBMIOJ SNOTUNUOD JOU I8 SOIM]OLI] 1JB/3104 ‘T ‘ureaq asmaueds a1 Jo proyd 1addn a1y 0} uoururos
o "A0I JDUIISE] 9] JO 1J8 pue pMJ 4ioq Mmo1 1au)se;y af8urs ay3 ySnoxny) Aquretrud suns amyoery
Surpuaq premdn SHQIYxa SINIORIJ S} PUB MOI I9US)ISe] oY) | SWYL [# ureaq asmueds o) Jusuryoene oy} Juore Ajrenuajod
UmMIpIAN ySnoxy st 1# gMS 18 pued umys oy ur amgoeyy Surpuag ‘1 | ST Suippnq [oued 1oddn qra JusISuod SImyoRyy feniul sy g,
"0 1€ 18 2INJBAIND 3} UI UONOJUI
"0 19 1 Jutod uonosyuI Y1 YuM 0 14 JO UE Y)IM JU)SISU0D ST YOmM qu ( ‘Id 213 4q papiaoxd
WSu 2y} 0) arjearnd premdn JySus pue o g JO WA[ 241 O} 2q p[noa JurexIsal pue reds 1eax a1} pue sedspnu oy
wmIpsjpy smoq premdn ue Jo uonoapyop enprsas sey pued upyps soddn | usamisq patenrur Afjenuaiod st unys saddn ay3 yo Suippng
*Anqrqedes [RINONIS PasEaIdap Ul JNSal
yStyg 12 31 ‘a11) wioxy 9Seurep [RULISY) SUTEISNS SIMONIS 343 J
‘1oued unys 1addn o Jo Anpiqels worssoxdurod Jo ssof
Juros ur 3nsa1 ppnom [oued unys 1oddn 2y 0) JusUROENE
ysig ¢4 ureoq asmueds pue reds JuoIy 31 JO SSOf YL
[2A97] SNOILVAYHSHO
30U2pYU0Y) DNILLIOdNS-NON SNOLLVAYHSHO DNLLIOJNS FONANOES ATAISSOd JO NOLLITIDSHA
g 1
_ ‘'ON dI LYVd NDIS ddddl1  INANOJINOO

IS0 'ON dI IDNIANOTIS

INOZ




L6/¥TIT0

#m
E )
(V]
<
(o
‘v€ 191 xordde Suore axmeAmd urmwrxen [awred
3} MO[[0} 0} SONUNUOD SIMILLY Y], ‘( Id I8 UONOS[uI e
3010} 0 anunU0d 0] redsprur 53 JO pMJ QU (Ig] Ou ST 15Ty
se sa3ueyd uLIoy sAem 2 jnq Surpiong ssimueds jusredde
wInIpsy saoys Tedspru o) pue zggM S usamiaq unys 1oddn oy,
‘argeamns premdn smoys
"ST1-MD Jo 20enms xaddn 2y} uo 1008 0S[e ST1-AMD JO pud pqIno a3 se ¢e1-M D Jo adeys i
§S3] pue pal00s A[1ABIY ST ZOT-M D JO 3oepms 1addn yim paredurod se spour yuaragtp ApySis e save) uraped
“0ARY SET-MD SuIppnq oy 14 weaq ssmueds pue redsprur oy uIMIq
10U S0P SE~-M D) 181 PUa pqIno U0 2IMIBIJ PIJOOSUN PUE ZO[-M D) UO INJOBL PIIOOS Aeq oy ur urys 15ddn oy Jo Surppong YIM JuB)SISUOD
wnIpspy ) UO SIMIBAIND SBY G [-MD ‘SEI-MD PUE ST1-MD JO armeamd [e1susg sureg 1B Z0T-MD PUB STT-MD U3amIaq sarmoesy [oued oy,
‘0 "T€ 30 Ya1 Y} 0} unys Jo Jumoq
smoys oued unys soddn a1 Jo SHONOS[Jap/2IMEAIN))
"patoos Apy3ys Afuo st ge -0 Jo 2oepns 1addn "Ieds Tea1 97} U0 UONEI0] SIMDLIJ B SAYIJE amjoerxy
Y3 pue Pa100s AIABSY St £01-M ) JO 20eyms 13ddn oy L SIUL 'T# MS ¥ Sunsixa ApesIfe a1oey oY) YIIM 193UU0d
"SE1-MD U0 P2J00s 10U pue €01~ UO P3100Ss 0} [# ureaq ssmueds o) sajededoxd Apusredde amjoeyy )
umipsy ST E£0T-MO PUB GET-MD Uaamlaq arnpoely Sunepy pue reds xeor oys 1e [ | g Jesu sampey [sued 1addn L,
[9A27] SNOILVAYESd0
3JUIPLUO)) ONILLIOddNS-NON SNOLLVAYASHE0 DNILLYOJINS HONHNOHS FIAISSOd 40 NOLLIYOSAd
. "
‘ON dI LYVd NIMS d4ddl  INANOJINOD
Sl "ON dI ADNINOIS ANOZ




L6/YT/10

€-S1 "ON dI IDNINOAS

oY
3
Q.
e 14al
Jo y3u pue ¢ g7 Ajoreurrxoxdde Jo 1391 oy 01 so0a1d
JO Spud pqino pue pqui y1oq uo sarmoely uoissarduio) g “-amsodxa Joos a3 Jo uoruod e Junmp
“Fuim 1y311 10 Y57 A ISYID YA UTRWIAI 1BY) Sum y3u oyl yum Aeis 10 Apuepuadapur pajeredas saey
WNIPIA $9001d 9Y1 YIIMm JUDISISUOD 10U SIB SUOTIRJNUINIOE JOOS | " pInoo $¢ 1T JO YT pue £Z1 197130 WSu o 0] 590914
LT 191 ‘dnypearq
JO 1331 9 01 59031d 2y uo urnoos Jo JYorf WLISISUO) 7 suepdire Jofewr je Sutm 191 a1 Yim pakels (LZ11971
wnIpap "£Z1 71971 Suofe armyoe1y uotssarduio) | JO 131 341 03) qu Apoq JO SIS 1] Sy} 0} 3SO[D S
dnofealq
‘v¢ 1971 A1ewnxoidde jo 81 o) 01 sasepIns sueqdire sofewr Je Suim 131 51] 01 payoele SUIBWAL
wnipap [BUISIX3 pue [ewrdjul uo suraned Joos Judsisuod AaesH | p¢ g7 Jo WSu oy} 03 Ajarewrxordde joued urys raddn oy g,
‘sut] uoneredas ¢ g7 "xoxdde Jo 1yo1 31 01 S18 3834 JO
150J]A “Suim ay1 Jo dnsresiq reuy a1 jo Med se 1naoo pinod
wnIpap Jey] sarmjoe1y uorssarduiod fEUONIPpE SNOISWINU I8 JIIY ],
6Tl
PE1d1 -MD PUE $11-MD Wo1j [01-MD Jo uoneredss ui sjjnsaz
WnIpSN Apreunixordde Suore ainyoery Surpionq uoissaidwo)) Arenuod 1sued urys 1addn 2t Jo sarmoely uoissaiduo))
'squ Apoq
JO 9p1s Y10q usamiaq passed surf JyS1e1s B m0[aq pue 2A0Qe
10q a1meAInd smoffe Ieds juoly ay) pue ¢ weaq asimueds
JO 90uasqe oY) se aIn[rey 0] J011d SINJBAIND JO S[OAI]
Ioyeard smoys pmy [oued umys Sy, "9IMIOEIJ oY) JO Ye yim *Apoq Jo ap1s 1y3u a3 0} Apoq Jo apis
pareduros se amjoery asimueds oyt Jo pmy adeys pajossp Y31 9] W] SPUSIXI 18Y) 7 ureaq asmueds Jo pmy isnf
wnIpa JUSISJIP B SMOYS d1n)deiy 21} Jo premioy [oued unys sy, SIN520 axmoely asmueds e ‘dusjearq Summ Jolfewr Suung
[9497] SNOILLVAYHSH0
0u2pyuo) DNILLIOdNS-NON SNOILLVAYESHO HDNILLIO4INS HONANOAS FTAISSOd 40 NOLLIEOSAd
"
‘ONdI L3Vd NDIS ¥dddl  LNANOJINOD

ANOZ




@ I\g L6/vT/10
w
J
<
O

'67-S J0 pMJ pajoos Aysi|

pue JJe 67-S Wo1j pud pqul Sy uo pajoos ST $01-MD ‘di{ea1q 1918 U10T93s I2)UD SY) Ul 11 Swos yum dnyjearq

‘sfoued 19Y10 [[e UBY) JUSISHIP ST YoIym Summ o) 1011d HONO9S 19U N[} IPISUL I SUIOS Id)E

ap1sdo} 110 P2jO0S 10U J11q SPISIIPUN WO PAI00S [0T-MD 1mooo Ajqissod pnom snyf, “dnyes1q auerdire 1ofew 118

"YOT-MO PUB “Z01-MD ‘STI-MD ‘9T1-MD uo £poq Jo apis 311 o) reau aImoexy ATepuodas e Juofe Summ

WAy S2IMISRIJ PIJ0OS I PIIOOSUN []-MD JO SIoRIy Py W3u oy woxy Apuepusdopur sayeredss Ajqissod 101-MD

[9A9] SNOILVAYHSE0
OUIPYUOT) DONILYOdNS-NON SNOLLVAYHESHO DNILIO4dNS FONANOAS TTISSOd JO NOLLIRDSAd
{!
‘ON dI LYVd NDIS ¥iddd(l  INANOJINOD

-S1 "ON dI IDONANOIS

ANOZ




1-9 230514
@/@ , (NMOd OZ_V_OOJ >>m:>v 4ls mm_n_n_D 0:-30
w.m,/l { ol el oliy— —— : nll’!lll'l ﬂ/,: N /1(//4 AR zzfzzr V.
@ W N SR SR (R AR Buﬁ.....,...
A \., z vlrl -
p\ | } -
(N ;
Sk N .
N .
¥ ., R
b
mﬁwmmmmmfnw%m.w ﬁ ?224r2y/, ,4:. ~an o, 0 o TNUR
) » et N T 4
L# GMSH L Tdssss .uunu_mummm».%mwwwww\\ i,_,ﬂ.fzﬁ
R A R e i W@ T
B R SCyih S E A
P — _n..y R S/~ m:;N N
.N,W,ZGIm-i 3 _ RS ERRE
e ) 220 A R R
e | s
N% I,.”Qa:?!s.\ﬂ‘
Muazand gMs bawno 1
NAYaq Loy Hm.Nu 4%

EHEMS -
._m SR o 121-0
", PR V1.5 o#oe AN A
A AL I s R 7YY
¢ X A TR I
.m.nh N . nmc “ [P Ml(n‘\ﬁg// RS /Nm.m l‘lhl;ON.—l—.sU
. 7’38 'SL S'LS gee £ &M 6tS  S'LS 4SL 9'8b 9T
797786 6 o — L 7 "
gLz 1aY =il IY gzl
amd uoidaw..ﬂ.u.uvﬁau uu\ :\ 11

NIIS 43ddn - INVL

{

INIGGIN

1M Im._.Zmﬂu Corliyavd S Mssaadive) 730 0

VO 1LLaICT DMIANVID) L NYAVdY ~t—



PAGE %

"S20B]
JIMOBILJ UBI[D JO SBATE UNIIM
1SIX2 sarmoeyy pajoos Aqented

"dnyeaiq Suim Areurnd
ai 0} Juanbasqns Apusredde ises] 3e a1e 10 1edur 19jEM

WNIPIN JO SUOTIBOIPUT [BI0] SWIOG JIM JUQISISUOD SIe Sa0BY JIMORIY UES[d Sunew [euonippy
“Bum 1ySu
o) yuM surewar [aued 19MOf 9Y) JO ISPUTBWSI 94 '€
"1TT-MO uo € pue
P3100S 10U SIE JBY} SBLIIIUL ‘1 s1o3uins [aued 19mof pue 7oz-M D 01 JUSUIE)e
Apoq jo apis ay Jo suoruod renred ySnoxq wontod Sum ySu sy 0) payoene
P3100s sey Apoq jo apis Surewa1 y07-MJ INQ $0Z-MD PUB £0T-MD Us9mIaq
oyl Je unys Iomof Summ pqmnQy ‘g SIMo00 a1m[rey A1epuooss reuonippe renualod v g
"3UIM Yoy 2 YIm sKels ose 1Z7Z-MD “Suim Yo o
‘Suim Yoy ‘WI3Y} JO PQUI I0UI PUB PMJ SIUSUIFIS i KIS 817-MO ANY ‘612-MD ‘672-MD ‘907-MD
IIM UTBLLDI JOU PIP 17Z-MD 03 uosLeduIod ut pajoos AJIARY JI0UI 318 7Z7Z- M) Surpnpout ¢1-§ 0} redsprur ayy woy ‘g'O'S Y} 0) 06
Tey) 15233ns p[nos yorym PUE “bTT-MD ‘TIZT-MO ‘01Z-MD JO 20BHNS JOLISIXE “TH'T WOLJ UOM03s SN L, - SUIM YIS SY) LM UTRWT 7T
SI-SJOYB 61Z-MD pue “MD PUB ‘TIZ-MD TTT-MD ‘017-MD Surpnpour (-§
81Z-MD uew syusodap joos "Sum Yoy 3y 0} payorne ureuIar 01 'S PUB LTT T 03 001 1D 19WI0d Y[ Ye oYy, |
I3MO] yonw sey ¢[-S 198uLns Aqrenuajod yeqy siuswSas asdyy uo saoey smyoery
JO PMT TZT-MD U2aMmIaq pajoosun pue Suim Ny3u oy} 0) payoeye ureurss "SUOTI09S uan 7 our sojeredas
WINIPI uostredwod 100s JouAIXg [ Arenuajod yeys spaued sy uo saoej S1njoRLy P2j00S Anuoredde unys somof oy ‘dnyeaiq Summ sys Jo Jnsas e sy
[°AY] SNOILLVAYHSHO
30UIp[U0)) DONILIOddNS-NON SNOILVAYESHO ONLLYOddNS HONANOES TIFSSOd 40 NOLLINOSAA
. I
‘ON dI LYVd NDISYIMO0T  INANOJINO)D
I-S1 "ON dI ADNINOIS . AINOZ




2-8 INDY

(NAMOQ DNDIOOT >>m__>v 3dIS H3addn . -

!I.rw.._nu.v. .

e &
5

- 3

o

ad
N\

PAG

———Apl L lee
191- Mo 28 LIV \\N;Ju- ) tozms b

R e
TN M " e .,._MZv.mll¢NN..O>U
TR R
. Lo ERE s T T

LAYV AV ,%Nmﬂ.m LY
N I .. imu " i
dvalis gorrds|
NS Rer o EE PG 2 Pcat it W | . ge2-2 "
nh_.ﬁ?u ~ 75 #\\. A ‘1L . LO2 MO

NPl 5 G SEFE TR

©_leg-M0’

éIz-mo

M
bet ! e :
SR | 2N T
A S 7 A R 2120 0AL
.o ; L2 . S sm- S Dakect S -

- e bN\ b B RNCER I N U
- EHEAMS -— ﬂ.mﬁ 1
el —_ \ R S 2Ahe-2 ~ y
v - i . % .- 122D 3 oY
| . Yol o - . 3w
: ’ ir LT ,“- "
S§12-MD | T I DU . .,“ .

SH___ Ot Dz | I

M%N@ - 9d| 98b\ 650 sus 6'sr 1% m,...__.m b€ SLS g5, ¥'86 IV
S AAR .
18y £92-012 )l FEUZ o018 g'£zL 187

gbﬁs qu
NIDIS HIMOT - INVL DNIM §3INT™

Sy draddy w\\%\\ 2l qm

FIENS B2 1DYBA

wliaBIp V) LABYOdY —— AMd -



Pace &

]
i

L6/YT/T0

‘suonod Sum Su pue

1o 2 u2am)aq [otred urys 19M0] 93 JO UOTBSUIOP
Iofewr oy ST amyoey siy 1, “reds reax oy 1e sojewISuo
yomym 001 1977 1€ 2rmyoey e sey jaued upfs 1omof oy,
. “Suim WS oy yum paureuras
eym 1oy [aued upys raddn o Jo uoneaurap 1ofewr o
st ammoeyy sty |, “Teds year aqy Je 11 191 18 Suneurduo
armoey Suruuny pmy e sey [aued upys saddn oy,
"900T-MD UO p2j00s j0u pue $(01-M U0 P300S ST

'Suon23s Jofeur om) ojut ajeredas

A1qrssod pnom reds rear sy pue 001 14’1 PUe 09 T9T

Je SaImIoe1y PIOYD I9MO] YT, "09 T 01 pqIno sassaiford
pUre pIOYD JOMO[ ) JB3U 0} gaM ) ySnoxy umop
saje8edord Apuaredde sxmoery oy, ‘11 1G] 1€ SeamoRI]

umipapy 900T-MD Pue $001-M D U39MIaq amioey Suneur oy L, qom reds o3 pue aSuep) qam proyd Jeds 1addn oy,
[9A7] SNOILLVAYESHO ,
3dUIPYU0) ONILYOddNS-NON SNOLLVAYESHO ONLLIOddNS HONANOHS HIFISSOd A0 NOLLIIDSAA
c l
‘'ONdI LYVd Jedgaedy  INIANOJNNOD

I-Sd  "ON dI ADNANOAS

. NOZ -




L6/YT/10

€-Sd  "ON dI ADNANOIS

o
w
J
<
Q_
-dnyea1q Summ i 0] Juanbasqns
po1ndoo Aqrssod 1se9] Je 10 afeurep 1oedwr 151em
)M Juasisuod are LO0T-MD PUe ¢001-MD 940qe pue
ysig ‘spred Jo saoeyns Suneur uo saxmyoely pajoosun) | 00T TG1I0 Yo 9yl 01 stuaurdes Syt yInoxy) sarmoery oy,
[oAYT] SNOILVAYHSEO
30upPUO) DNILLYOJdNS-NON SNOLLVAYHSHO DNILYOLdNS JONANOHS FTFISSOd 40 NOLLINIDSAd
[
"ON dI L¥Vd TedSTedy  LNINOJINOD

INOZ.




L

Pace &

L6/¥T/10

Mo

*SQOBJINS [BULIIIXD PUE [BUISIUL O}
10q SSOIOE pue saxmoely Sunew
SSOIOE JUQJSISU0OUT A[oUI2IIXD aIe

SUOTLIOISTP pue d8ewrep a1 AAeSH

‘98eurep 211 jo

[9A2] 15918018 3y MOYS ¢ "TEY 01 1SIBIU SUOIAT A L,
"506 1sourre £q reds rea1 oy} Jo e Judq

Juaq £001-MD UI NS O10T-MD PUE ‘TTOT-MD
‘£00T-AM D SUOTD3S PAUIQUIOD 1) JO SINJRAIND [ENpISaY

-aSewrep a1y paseaIdap ur Sunynsal oIy

10211 9Y) JO INO 9q PNOd 1J& pamoq dAey jey) suonod oyl
pue ¢¢ T 01 1S9I83U SUONDAS ) Wwing 0} 21y Sumnunuod
B MO[[e P[NoM YoTym e moq pue apjonq Afrenusiod 0101
=MD PUB ‘TT0T-MD ‘€001-MD JO SUONOIS PauIquiod 3y}
PUE ) MO[2q £00T- M wox sajeredss Zo01-MD Juswsag

wnipsy

"€00T-MD pue

700T-MD U2amIaq A[[eIuoZLIoy uni 0} sanunuod Apuaredde
armoen Yy, "$001-MD PUE Z00T-MD U39M12q gom pue
proyd reds oy ySnonyy A[[eoniaA spusixs amoely oyl jurod
YoM 18 ¢ T 01 1ySu ap 03 SupeSedord pioyo 1addn
oY) Ul SMYORIY S YHM JIIISISTOD o1e stsned amoery oy,

[9A3]
20USpPIU0)

SNOILVAYESdO
DONILYOddNS-NON

SNOILLVAYISHO DNILIOdd(1S

HONANOHS ATFISSOd 40 NOLLINDSIA

‘ON dI LYVd

-S¥4  ‘ON dI IDNINOAS

e 1

Teds 1609 LNANOJINOD

HNOZ.




Prce

L6/YT/T0

MMA '
-amsodxs
wnpap "100p UO [eLIdJRW qUIOdAdUOY pasodxs uo joos juaredde oN 1008 J31Je SIMI00 SI00P SS309€ 1Y) 0) aSeurep Jofey
‘sjusurdas ureaq asmueds jusoelpe
H uo Aeuowruwrod urjoos pue AIANONPUOD [ ‘T
2011ds Suim 1addn Yoy oy "L06-MD Pue qu Apoq
WNIPajA 0} uowwod St yorym Jumy 2o1ds 1addn apisur 100§ 1 | JO SPIS O] UIMISq M0 Aewr noneredss Suim yoy 0) W3y
'qu Apoq
‘armsodxa [eursoy) refrurs JO 3pIS Ya[ 3} pue L06-MD UBMIq PUB ‘906-MD Pue
JO sAneOIpUT S3UTPEII ANIATIONPUOD IBJTUIS MOYS SUOIS 106-MD U3MIAQ ‘106-MD PUB Z06-M D T9aM)9q IN200
WINIPIA Juaoe(pe UaIMIaq SUSWAIMSEIW AIANONPUOD (DL ureaq asimueds o) ut sampoery oty ‘drojesq Sum Suumnq
*311 Jusnbasqns pue 1949 amssardiaao
ue Suump a1monns Lrewrud [e90] 9y JO I9pUTEWaI “JoR)UT SuTUTEUIal
9y} Os[e Inq SI00p SS9 3y ATuo j0u Jo Apiqedes amssaxd Apuaredde amonas oy Jo wonod sofew oy Pm
10BIUT S9JRDTpUL SJusUyoele ejdinu uaamiaq s10op dnyesiq Summ 0) zoud A)1ABD UOMNOSS JJUID Fuim o) ul
Y31 §S30E JO 9PIs IJe U0 (3unoos Juanbosqns yum) uoneuwoja( | SULLNOS0 A1y pue S5assaIdIdA0 YIIM JUI)SISTD st Sunoog
[2AdT SNOILVAYHSH0
22U3pyuo) ONILIOJdNS-NON SNOILVAYESE0 HDNILIOAdNS JONHNOHIS FTAISSOd 40 NOLLIIDSId
g i
"ON dI LYVd I#4MS  INANOJINOD
[-TdMS  "ON dI IDNINOIS INOZ




PAGE

L3

L6/VT/TO

‘Toued uTyS 1I9MO] 1) UL J[OY ISUDISE]
UOISU9) U} JO 9PIS PIBALIO] UO SISIXD Y1ew eI
‘1-g 23y

‘g-g 21n3y u1 uMoys Se $)]0q UOISUS} ureaq |99y 3y}
Jo Surpuaq [enpisar a3 saonpord ureaq 393 9y} JO uonow
PIEAMUMOP 9Y) PUB SIMJOBIJ UIBdq [993 ) 0] UOWAI0d

wnIpsp Ul UMOYS SB $90139p (09 1JE 1U2q 21 SISUIISE] UOISUI], SI912JSE] UO0ISUd) oY) ‘uoneredas weaq [99y oy Suung
[2A97] SNOILVAYHISHO
0USPYUO) ONIIIOddNS-NON SNOLLVAYASHO DNILIO4dNS FONANOHIS FTHISSOd 40 NOILINIOSHA
Q +
‘'ON dI 1LYVd JedSPIAN  INANOJINOD

I-SIN "ON dI IDNANOIS

HUNOZ




MIDSPAR
o 4;.—;

i

\\
a
%

Pace ZTH

R\

L

\

NUTr sTiue
IN Puacel
W THOUT
ROVA THRCANS

SKIN FLANGE

LOWER. CRORD
1

n:(

\\\~FMGM£AT

THRREAD RUNOUT

.

FIGURE B-3



L6/vT/10

flo
%
\9
<
Q-
‘dnyjesiq suepdire sofewr 1oye Sum
Y311 9Y) YNM POUTBUIDI JBY} AINIONIIS juaoelpe pue qu oy ‘dnyearq
WINIPIJA] UO UONE[RIINIIE J00S pue SFeuIep a1y Jo [3A3] Jualsisuoy) | suejdire Jofeur 1a)ye Summ 8 o M pourewal qu § g
‘drofesq Summ Jurmp joued 1addn o
‘0 1d | 3O sarmoely uorssarduwioo Jusnbasqns jusredde pue Surpjong
WnIpa 1B u0ona3pul smoys urys Suim 1addn s jo uraped Suipong [oued 1addn Surmp pasioj st ( g e utod vonsepu uy
[9A97] SNOILVAYHESHO
30Uapyuoy) DONILIOddNS-NON SNOILLVAYESE0 ONILYOddNS HONANOES FTHISSOd 40 NOLLANOSAd

‘ON dI LYVd

1-0'1d

"ON dI IDNIANOIS

[

a0 '1d

ININOJINOD

ANOZ.




PAGE R
(e

L6/YT/T0

Y3y

TOL-MD U0 SUIHIBWIAL Gam ) UO
S9JBJ 2JMIOBIJ PAI0OS UM I0OP SSAIDE 3] 0) paydelie
JUIUTEWI gaMm 1) UO 308] 2UINIORIJ qam PAIOOSUf} b
“JIX2 0} 100p 10§
[1e] Jstuu SFefosny pue ‘gi weaq asimueds ‘reds juor] ¢
"3unoos g1 Jussedde Ajuo sey 100p $500y T
"PIS1J SLIQIP PaJ WOIJ P2I2A0D3I JOOP §5300Y |

a8eurep a1y 03 Joud syxa

I00p $5200y “(s9da1d auoz pai1 a3ejasny Jo duyeaiq 1sye)
odejasny sy1xa pue Iedg Juol] 2y} pue ¢# wreag asmuedg
Jo dryjeaiq 13)ye uonoag 19)u9)) Surp SHX? J00P §SI00Y

urmIpsjy

‘1a3uwns pue [aued unys 1addn o Jo opisiopun
a1} UO SYIBW SSIUIIM JO 198 OM] YIIM A[9S0]0

SaYoJeW 100D JO 933 preoqui 1omof uo agewep oedwy g
“(Burkad)

UOISUD] JO J[NISAI B SB 2Je SOINJIR] JOUSISE] g JU07Z [

"¢-g 2Im31j U0 g JUOZ UI UMOYS SISUSQMNS PUE qam juaoelpe
31} 01 JOOP $59008 FULMIOBINUEW 9Y) FUIP[OY SISUISE]

33 jO Japureurdl ay) Jo uornesedss UOISUI) Ul SIMSAI (JOOP
Jo 2oeyns e uo ainssaxd) sas1oy suerd Jo no [eUONIPPY

wnIps

“p1oy> 1addn s Jo s8ue(y Urys uo 2INIORIY PJOOS

Aqrensed o) onp 7L 1 T 18 Jauagns Jo JUsuIyoeyje
oued 1addn 2y} 1B Sunjrey a1} JBSYS A[JBS JO UOT}ROIpU] T

"JOOP $$3998 Y} 0}

SANE[RI UMOP SUIAOUI INJONIIS YOBIIE JOOP o) SMOYS

ISUSYJTIS 9Y} UI SI9ALI PAIBAYS Y] JO UOHBUTUIRXT

*100P $S2508 SULIMISBMULBW Y} pUB ‘2INJONIS pUnoLIns
‘SISUQYJIIS 9Y) 0} UOWILIOD SISUAJSEJ JO aIN[Iey Jeays |

‘SOM 2 ut ainssaxdiaao

JO Jnsar1 v se aq OS[e p[nod sy, ‘s-g aIngy uo y

JUOZ UT UMOYS 2IM)ILS PUNOLINS PUE SISUIPTS O} UOWIUIOD
SISU9ISEJ 100 SSII0B Sy} JO 2In[Ie] Jeays Sunenmul qm
JUS)SISUOD ST S)[Oq UOISUI) Ureaq [99% ay) Sunnjoery afiym
pasnpu; SPeO] UIesq 139y Sy} WOIJ JB3YS qom JUBINSIY

wnIpopy

paynuapt
10 P3I2A0D3I JOU THEMS
JO 9pIS 1J9] WOIJ 3IN)ONIIS

*$9010] Surpuaq Moj
yim durpeoj uorsus) a1nd AjeAnear Sunesrpur ynu ) Jo
no speasy) durddins £q pajiej SI1oU)SEY UOISUS) WBdq [99Y

"y~ 28y ul umoys
st sued pajejar 9yl JO UONIPUOD Y], "2INJORIJ }]Oq UOISUD)
wreaq [99y ay) 01 Joud 1oeyut Aqissod st wieaq asimuedg

[9AY]
2dUPpYUOD)

SNOILVAYESdO
DONILIOddNS-NON

SNOILLVYAYESEO ONILLIO4dNS

JONANOAS FTFISSOd 40 NOLLINISAA

"ON dI LYVvd

[-TdMS

"ON d1 ADNANOAS

THAMS

ININOJNWOD

UNOZ.




L7

PAce ZHBF

L6/vT/10

"90BJINS PQINO 1) UO UB3]O JNq S0BJINS PQUI I}

U0 P3100S ST [0L-AD O PAYIBRE gom qu Apog Jo apIS
TOL-MO PUB T0L-MD U0

S[9A9] UOTRINUINIIE JOOS PUB 199[J3 , O[eY,, LOISOLI0D
ut AJLIB[TWITS SUIAIIXS SMOYS AJTATIOR UOTIDNNSUOINY
"P300S ST gom

- UTPUNOLNS ) S[IYM 9IBHINS A Y} UQ PIJOOSUT

ST JUSWIYDBII. PIOYD O} M IdMO] Z0L-A\D UONDaS
(reuo)ewl Pap[oJ uo SPISINO

10 OpIsur) Sa0RJINS [[€ U0 Pajoos Ajrenba are suonoas

'99 "1y "xoxdde 0} suonoas 2y} dn pyog

Apusredde prnoo as103 parjdde oy 1. 'qu ‘g’ Q'S WSu oyl
Ieau Suneurduo joedurr pajdalIp pIBOqUI UR )M 20BLITS
19M0[ Y1 9A0qe saydurt gz "xoidde uoneosol e je SurLNdo0

a3eurep pajerar 1oedun SuLagns g0L- M PUB ‘Z0L
-MD ‘T0L-MD Suondas ui synsai axy Jofewr 03 Juonbasqns

wnpay a1} 2outs aeurep a1y 01 Juanbasqns o1e SUOTRULION(] 1589] 3B 10 Joedurr 19jem YIIM JUS)ISISU) sfeure(]
"a[oY 13u3)sey ay) jo no premdn
[papunod,, pioys ur s19au jo uontod Surureuras
pue s3ue(y urys pIoyd J9mo[ 3y} uo wayed 19AL
YIm Ju2)s1SU0d [aued U{s Jamof Y3 uo syrew joedw]
‘a3po 1amo]
Gom 9 0} 9FeWIED JO SOUIPIAI SUIOS YIIM TOL-MD O
UOUIUIOD PIOYD 19MO] JO SNIPEI 9] Wl sxrewr joedur] ‘qam 91} 03 danepas dn SutAowr PIOYD ISMO] S} YIM
"ANTRUONIOSNP [BOTLISA T0L~MD WBWFIS U0 PIOYD JOMO] PUE gam 3y Jo uoneredas
WNIPI MOUS ZOL-MD UT SIS9ALI PIIBIYS JO UOTJRUTIIRX T ur Jynsar s3eurep anyg Jofew o) Juanbasqns $30105 yoedury
[9A97] SNOLLVAYHESE0O
adULpyuoy) ONILLIOddNS-NON SNOILVAYISHO HONILIOIdNS HONANOIS TFISSOd 40 NOLLANIDSAA

‘ON dI LUVvd

CaMS

"ON dI AIDNANOAS |

'

HAMS  ININOJINOD

. INOZ.




PAGE Z5

RET

S\u&ﬁ Z
LEFT Riger
. ’ SPANWISE. ~ SPANLNSE. BEAM
Tr 0 TENSION FBTg
N "\
] |
NUT STiw
] “l Tk o N Posimon
it Lo IN { TRAPPES N
\ == Posmon SeEALANT
| L ;! { Teaerens
\ N IN <€Ay .
! ! :
—~— D — \ ) ; E\WORLATON AN
ELONGADON ¢ ARET 108 of
Skhan ON AFET HoLe
PANEL ? SWDE oF MOLE.
N .

e WD ———

FIQURE -t



SPANWISE REAM ¥ 2

MANY FACTOURI N
ACLESS
DOOR.
( cw0o 35

ZoWE. B -

PREDSOM | NPT LN
FASTEMER TENIION
CEALURES

o
a e
s
°
R o ZONE A
°
. . PRECOMINANTLY
o ‘ o FASTENER SV AR
(/\ AU RES

\90'0090°°0°°°

\'\‘__-*—_/

O 600 0 00 60 060 6 O

! L)
’_ o
3: 13 6
| P8
: | ®
! ]
o | o ¥
5 'y \
e
5
ot 4
s e i ° '
® [} e TRANS I TION OF
, o | s FASTERE L.
' a SV AR
o 5 ; o DIRESTION
- ® ;e (RywETS
o o : ST\FFE'N&B
6 o /
o
8 ]
-}
o @

S~ I MPRCT DAMAGE
onN DsR SHLE

. RBL
D 240 gy Sy 0.0
. 252 7.2 10.0

FRONT VIEW

we
L ineD —e—

FIGURE B-S



PAGE T

L6/YT/10

WnIpIN

‘1oured Un{s 911 Ut SI[0Y 2N 1eaYys [oued urys
Y} JO 9IS PIEMIOJ S} UO SHIBUI SSAUNM pue STumliy uoIsus}
uresq JOO[J Y} U SI[0Y Y] JO uonNeSug[o premumop St 134,

'PMJ 3unEIOr SBA GOM
GMS o1 orym sap Tedys 1oddn gm s 91 0) dAnefar [oued
unys oy 3o Jusuraaour premdn 1y3is Syqissod sem a1y,

Y31y

Y31H

“PMJ POIR[SURI] SAT) TBIYS SY) 0 UOWIIOD SISU)SEY

a1} 219y 8uepy [eOTIAA pI0YD Jeds oY) JO JURLILDI

oY} U0 SHIBW SSSUIIM () PUB ‘SJUSUIYORYIE o1} JBdys 1)

1e oued urys ay} ur uoneuod 9joy Joudlsey (7) ‘sSumy

UOISUA) Ureaq J0O0[J 3y} Pue PIOYd GMS Y3 JO d3uery gom

Y] 0} UOUIUIOD SAMI[TE] UOISUD) 19uajsey (1) :axe pIoyd
Ioddn o1 JO JUSUISAOW PMJ JO SIOBDIIPUL 391 YL T

‘uns

1]} 0] SATJB[21 1) JBSYS Y} JO JUSUISAOUI JJ& Ue Suimoys

UDYS JIMO[ 2} 0} UOWIUIOD SISUI)ISE] 9y} WIOIJ Syrewr
SSOUIM puUE SOy Paje3uo]d SARY Sa1) JEays JOMO] YL T

'g-g om3gy 30§
(E-EAMS 935) £09-MD 10§ 1do0Xa STeIS0oIaMY
1901 913 Jo do} a3 punore parnud Ajqissod sem wesq o)
JO UOTLI01 SYJ, PUS ISMO] Y] J€ Je Paje)ol pue uresq 3y
Jo pus 1addn oy Je pag sojejon Apuaredde ¢y ureaq ssmaueds
31} ‘UoNoss 19Jua0 SUIM AY) UT JUAAI A[1es ue Suumq

19497
30U2PYU0D

SNOILLVAYASHO
DNILIOddNS-NON

SNOILLVAYHSHO DNILIOd(1S

FONAINOEIS FTF]SSOd 40 NOLLINDSHAA

‘'ONdI LYVd

I-€4MS

"ON dI IDNANOIS

‘ 3

c# AMS

INANOJNOD

INOZ.

\




<+

R

Pace

L6/¥T/10

umipap

"UONBUTUIEXS 2INJORIJ
uo paseq sjuauwgas om)
35011 U22M12q PI[BA 99 Jou
Kewr uorssax3oid pajesipul
1]} 210J21aY} pue SHUSUIIIS
0M] 350Y] Usamiaq

ad£) amyoeyy JusIagIp

e Suneotpur Ajqissod
T09-MD PU® £09-MD
u29M32q 21n3oey Sunew
I} uo paonpoid sumq
Ieays [BWITII 2J 21ay ],

14811 211 0] Yo} 1) WIOI] SASLAIOUI

A[e1auag qam oY) JO 9pIS pMJ SY) UO UON[NUINIOE 100§
T09-MD

uaYy} pue £09-MD £Qq P3MO[IOf PIRY SLIQIP Ut Juswgas
SHEAMS 1SI $09-M D S1S933ns uoneso] pid1y A194039Y
‘2INJORIY A} JO Yo oY) 03 Juauidas

o uo ova PAJ 213 0] SpIS e oY) WOIJ SAYOIIMS UoNoe
Suures; oy woIg pajerouald 1mq Yy pue 2j3uk amioey
QY1 I} YOIM B PIOYD JamO] 3} 2A0qe o] ‘xoidde
0] umop sassa18o1d aInoeIy YY) [HUN JUSISISUOD ST
UOTIO3IIP 2INJoRl) ST, "IYSLI o) 0} JuswIFas ) JO pmy
Surres) anjoely ay) Jo 19 213 03 JUSWSS ) AEJIPul
S1IouISas GANS QAISSIOONS I} UIIMII] SIINIORIJ IBIYS

"709-MD USY) PUe £09-MD PIM Suimof[oy

pue (2A0qQR PAOU SB) $09-MD Yim Sunres uorssardord uy
p#my parejor Apjuaredde are ga S Jo suonrod Surturewa sy,

MO

wnips

93eurep A1Bpuosss 3q
Aeu1 UOTIBUIIOJOP [BNPISTY

“TonEuIIOJop [enpisal a[qissod Suneorpur s[3ue ,06

€ U0 pMJ 1U2q ST 909-A D) U0 qam 2] Jo 28pa pqui a4 [,
(409

-MD JO 9pIs pMJ ay) uo pue 0[9-MD JO 3pIs YJe ) uo

ST 1I0q 3Y1) $09-MD JO pMJ SULIEays (19-A\D S9Iedrpul
$09-MD PUE 019-MD UsaMmIaq (Sutresy) aImjoely redys

Yol 243 0} pue pamJ 3)eI0X PUe 3] SIE 01 909-MD
0} PaydEE UTBWAI PIIod 019-MD "€8 1671 & (3uoz par)

$09-MD pue (uoz u2218) 019-MD JO 2rmdely Sunew oy}
1e Lqissod sem gom gM S S UT PateIausg aImoryy 1S1g 9y 1,

A9
30UAPIUOD)

SNOILLVAYAESHO
ONILIOIdNS-NON

SNOILLVAYESHO DNILLIOddNS

HONANOEIS FTAISSOd 40 NOILAOSHA

‘'ON dI LYVd

T€dMS

"ON dI AIDNANOAS

g I

€#dMS  ININOdINOD

ANOZ.

'




PAGE
A=)

L6/YT/10

€-€AMS 'ON dI AIDNANOAS

“ureaq 29y o 03 Jutof oy ur Aejdasg ¢9° pue dn
iy ‘S2IMJLAY [RINIONNS JO MAIASY | -durerd 1joq UOISUS) JO SSOf UT S}MSaX SrMioely SUMY UOISUSL,
(suonearssqo gurnroddns AJuerd 0} /-g pue 9-g samdy 395)
"PIOYD M S 19/0] Y3 punore Jumy uoisud) Jo Jurpusq
)M Ju2)sisuod st ped pus Sumiyy uorsud) Jo smjoery ‘y
"speany}
3Y) OJuI YUBYS 2Y) JO UOTISUET} oY) JB PAIORI) ST 06
16y e Sumlij uorsus} ay) O} UOUIIOD }[0q UOISUs) 8], '€
‘suoneo0] asoyy woiy premino sajededord pue sGumy
0ISu9) {393 W31 pue Yoy 1) Jesu sajem3uo (snrper
1911y PA0YD 9y} 2A0qe Isn() SMIoeIJ PIOYD IOMO] Y] T
“Jor)uI sem Sumy UoISus} CHEMS 243 uoym uonisod
[euisuo s,31 yim pareduiod se 9§oy 9y} Oul 1dYUNY
umop parmd 2q usy) pue [0y Y} UI UTBUI 0} J[qe
3q 0} [0q 9y} 10§ 2InfIej 3j0q UOISU) a 0} Joud amydely ‘PIOYD I2MO] 21} INOQE 2)ejo1 Aeur JUdWSas ST} ‘UONIIIS SN}
0} pey Sumy uotsus) oY) ‘syusuidas )joq Surureuras ur wesq osimueds a1} Jo pMJ STEIS00ISIUT JOMO] OU DB 1)
a1} Jo yiSus] o) UO paseyg WIeI( [99) Y3 Ul SUTRWSI 20uIg °'$I[0q UOISU3) ot Surfrey Jou Inq UMY UOISUD) )
yey uoruod e pue [sued up(s 9y} Ul Surewsa: jey) uorod Jo ped oy} ySnonyy amyoely Aeur uredq (99 Sy} 0 UOUTUIOD
ysS1ig e sey Sunjy uoIsus) JYs| oY) 0) UOWUIOD J[0q UOISU} Y], | SFUMIy UOISU3) J9MO] ) ‘PMJ SIILI0I £09- D) WAWS3S Sy
1oAY ] SNOILLVAYHSHO _
20UpYU0y) ONIIIOddNS-NON SNOLLVAYASHO DNILIOIdS FONANOAS FTAISSOd 40 NOLLINDSHA
—
"'ON dI LYVd cHdMS  ININOJINOD

A g Y A




PAGE BB

Y

L6/¥T/10

‘@M g'O'S °Yl
puE ISUS[NS 3Y) Y10q UO PIJ0OSUN ST 308133l qut Apoq
JO 9PIS 0] JOUAJTIS AU} SEAISYM IDBJIIUT 3Y) UO PIJO0S
aIe gam wieaq ostmueds oy} pue qu £poq Jo apis Ay} o)
gom wreaq ssiueds 91 SOYSENE 1Ry} IUSFNS Sy} ylog

*JOHL2}UI
[oued unys 1oddn 3y} 0) S3ewrep a11J pUE UONB[NWNIOE

‘ZHEMS pue Jeds Juoly S1) U3aM12q AJIAED AU}

w1 paurewd A[qissod 1nq dnyesiq Suim Suwmp joued raddn
o) 0] PaYOrIIE PIUTEUISI JARY JOU ABuI UIedq ssuueds jo
suonoss oYL Jurm JySu o yim ureural Kewr padeurep a1y

UImIpapw 100S JO [9A3] 3} YA JUSISISUOD ST dFewIep a1y Y], AAeay are yorym ureaq asmueds o Jo suontod jySu y L
[9AYT] SNOILVAYASHO
S0UIpYuO) ONLLIOddNS-NON SNOILLVAYASEO DNILIOIdNS

FONANOHS ATE[SSOd 40 NOLLINDSAd

"ON dI LYVvd

P-€dMS

"ON dI ADNINOIS

'

€84S  LNANOJNWOO

ANOZ.




- ¢

J-

' ‘ \ RarToM oF FT4

LOOKI NG 1 N

= Reover ouT
- N — l
ORIGINA . A
NUT Posmou'\\_

’7/ua DANUT

SKIN FLANGE

SHown IN .
RECOVERELD .20 : » OF Swe crord
PosIMON _ SN PARNEL
—L ¥ 11 i
?? 1] A7
2T LT
DRAG AR ! 35 "z
KEEL BEAM
croRe
' L,
S0

A-A
—_ {NSD —e>
LOBKING Fuwn

LBL
9.0

|

Ewb

BOTOM  view

I

1

Gurke B-G6



DAGE &
27
SW&:&—;% - RGRT Ry A

Swekz 9.0

~— BOTIOM OF TENSION

: NG BRoren AUT A-A
— Fwh — L—! —— IRED —
LoOKN LooKaNG Fws
NG OUTRD -
SKIN FuanGeE ‘3
| , OF Swe CHaRp
I F i % [
Dehly MARK j' \\ SKik PANEL '
- J
- I\
¢<* —
SwWBRFS
10° ‘\ B-&
. , FRAGURE. AT
#4378 TrREAD RUNOULT -«—\nac—l
l ' Fvwo
. Bomrom ViemJ
C HorD
Fioure B-]

U T N R



@ . L6/¥T/10
D
X
9
&
* “peayyng amssaid
19m0[ pue Jeds juoxy sy} Jo Surpeo] reays £q pajoesl
ST uresq 99y 34} JO pus PIEMIOJ ) Jo SuIpeo] premumop
Sunmsai sy pue speo] amssardiaso ‘upys raddn i
ySiyg woy pajeredas st seds juoxy oy jo poyod raddn a3 30UQ
‘g TN Teau 23ue[J [EOTLIaA SY1 Oyt
UMOp pue snrper 12[[y 2y Jo 1no sarededoxd pue ¢'L¢ TAA
moxg pqui sassa1doxd Apuaredde ¢/ ¢ T e sajeuIduo
ySry "S30BJ AINJORIJ JO MBTALI [EIISIN[TRISIA e snipel 191y pIoyo reds saddn o) ur armyoeIy 9U0 S L
"€1-g 21381y 99€ "PIOYD Y} JO AFue[) [RITIIA
ai1 Jo Suimoq pqIno/pqul Ue JO SANESIPUl UONBULIOJIp
[enpisa1 JYS1[s © sey PIOYd Y} ‘SHONLIO] 383} JO ‘proyo reds 1addn ot Jo snrper 13[1Y oY)
eIV pIoyo 3y3 Jo 23uBy unjs oy} 0} SANR[RI pMj utaowr Ul 210} © UI S)MNSAI Juaurows Surpusq SIYL, '9Inquuod
PIOYD 3 JO 95pa 19MO] S} Y3 a1moely 2dA) Surpuaq | osfe Aew speof 2mssaIdioa( -93ue[y [BIUOZLIOY pUe [edNI9A
M ® 21 S2I0)0RIJ 9891 "86 PUB ‘GL ‘€€ ‘11 TdT1PuUR ‘S'LS a1 usamiaq pioyod Jeds 1addn a1 Jo Surpusq ur s)msaa
pue ¢/ 7T 18 SUONEDO] UIBaq JOO[ Y} YIM JUSPIOUIod auoz joedurr ayj Je S19UIPNS 2Y1 Jo SuIpyonq [eso] pue
ysiyg armyoe1y pioyo Jeds saddn oy Jo saiis uonenmur odnny SISUSLNS 3} JO IPIS e a3 uo 20105 0edun pardde ayy,
‘p1oyo 1addn uresq asimueds
a1 Jo Y319y pIoyd oyl srenba jer uoneredss [eonsaa
£ I syrews joeduit JOULISIP OM) SMOUS SISUINS Y} ‘g-g 9ISy UI UMOYS UONEd0] B JB SISUSFTS 343 JO
JO 2WI0S JO SPIS e oY) uo dewep ay], 'SOT JESYS ISUIPNS | SPIS Ye 3y JO SUTYSTID UT SHOSSI ST, SISUAPNS Ieds juoly
1addn o) mopaq 71 xo1dde Jo aduelSIp B J8 SISUIQNS a1y Jo opis 1ye ay spoedur ureaq ssmaueds s Jo pIoyd
ysig xeds Juo1y 213 Jo SpIs 1y oY) uo ofewrep pue syreur Joedury 1ddn o ‘pay Sunejor ¢4 wresq asmreds Jo JnsAI € SY
[2A97] SNOLLVAYHESHO
20U3pyuo)y ONILIOdNS-NON SNOLLVAYHSHO DNILIO4dNS FONANOIS ATEISSOd 40 NOLLIOSHA

Q b

AVAII 1N TINSSTAd IM'T ANY dVdS INOYd INANOJINOD

I-Sd

*ON dI ADNANOIS

INOZ

.




DAGL B

R

L6/¥T/10

‘p1oyo Jeds
JOMO] 1} JO AIToRly afueyy [EOTLISA 9] JB dIMORY) Sunsim

pue Sutpuaq AABSH 'qoMm I} pue aue(y [EOTHAA PIOYD -sarnyoely Areurad 13110 33 03 £Iepuodas
WnIpan 1addn 2y Jo sammyoely Sunew 3yl 18 suoneotpul urpusgd o1 70S-AD PUB 10§~ MD Usamisq 2IMoRI] goM YL
“pIoyd
"UOISUS} UEY) 130 SAUMPIBL] ‘31M081] JUB(S SUISIAaI Swes 3 "yeds 19MO] 2Y) Jedu 99 T 1B sa819A100 9PIS JYBU oY) UO
ajeorput ydeidered snoraoxd | SHqIYXD OS[E gy T 1E pioyo 1addn oy mo[2q ysnf uoiga1 | gom 3yl Jjo Juwred) [eOTA YL 8% PUE 99 &0 Y10q 1e pue
1) U P2IOU SO} ULy} 1210 ‘e oyl ‘TOS-MD PUB $0S-MD Woq uo (ormoeyy UOISUS) | 99 TATIE SULLINDO0 PIEMUMOP SuneSedoxd syyds [eonIdA
pue 99 T Yoq pue 997141 ¥ © JO SAIJEQTPUT) S2IMIOLLJ JUB[S SUISIONRI SMOUS GTS-MD | U gem yeds 213 JO SIN{re) UOISUI) € SE J[asU $)SafTueW pUE
wnIpsy | S9IMoRIy gM 3y} JO Jopurewal AL mo[aq uordal ayy ut 99 147 ¢ 1eds Juo1j 3y JO QM YL sanunuod Apusredde gam 1eds a1 Jo Surpeo] uo1sud} YL
811 SIN000 g T 10 9'99THTIE ‘99 1gY Tesu
aImi9R1y [ROTHIAA U J1 dw SIy) je PAUTWIAIOP 9q JOUUED I | PIOYD 1eds 1addn oy Jo amjoexy 944} UOISU) B OSE S12I9Y L,
‘gp "I Pue 9°99 "I e G pue pioyo seds a3 Jo 28ueyy
-uonjesedas 0} Joud FuIpuaq SHQIYX3 qom oY) INq 99 T |  [BOTHRA ) U SAINIORI) UOTSUI) U SYMS3L pue uoIsua)} ojul
| 1e pioyo Teds Sy} Jo SBULY [EDNISA AU} JO 21Oy UOISUS} nd st gam pue pIoyd 1eds 1oddn o Jo S8ue(y [BOIMRA 3}
g1 o1yl '8v 194 Pue 9°99 1aT® qam 1eds a3 Jo 23p | pue joued upjs 12ddn oy} WOy 1eds yuoxj oy} sjeredas p1oyd
wnIpan 1addn uaselpe pue a3ue(y [e1U3A 24} JO 2ImM}oRIj UOISUI], 1eds 1addn 2y Jo snipel 19[4 43 ySnoxy) sa1mjoel) AUl
‘ureaq [0 2y} a0qe Jeds oKy
2y} JO JAJUD Sy} IEAU UONIEIOL PAYY §S3] JO 2ANEDTPUT St
yorgm SuIpudq pay 1ouul Sey 81 g1 e euRgns YL T
parong
st oSue() 991J PIEAMIO] 3y} PUB PAY juaq are (81 -reds JuoIy 24} 03 PEAUAN] smssa1d 1amoy 3 Sudiids
Y81y 11 e 1de0x3) SISUSPNS Pesing amssaid Iamof oYL T s1ouaINs 3Y) SAPoNg Jeds yuoy oy Jo uorE}01 pIemMIog
‘¢1-d o3y 4q paidap “JUSUIOBNE UIe3q
se () [ TeSU JIMJBAIND ISIAAI YA 99 164 pue 99 19T 10 S} pue SA[I0Q I3jeM 3} JO ssewr 91} 4q paurensal
1R3U 2INIBAIND PM] WNLTXEU! MOYS Ajjersuad syuowidas Aqyenued st ¢ "1d punoie eare 3y 1 gr-dsmdgut payordop
ysig qom pue pioyd Jeds 1oddn 2y Jo armyeAINd [ENPISIY se adeys oABM © UI PMJ 199133p 434 pue proyo 1ddn gL
[oAd] SNOLLVAYHSHO .
DUIPLUOY ONILIOddNS-NON SNOILVAYASHO ONILYOLdNS FONANDAS F1EISS0d 40 NOLLIMDSEd

1

avaAIDring A4nSSaad dMT ANV dvdS LNOUA INANOJWNOD

-S4

'ON dI IDNANOTS

HANOZ




~ L6/¥T/10
w
I
Y
O
. 6L 1ad
pue ¢/, "1g’T 1esu apls Yoes uo Suneurduio ‘sniper 19|y
PIOYD 24} U PIOYD IoMO] Teds JUOIJ oy} JO JIMIBLL ¢
‘peayy[nq 2Inssaxd 19MO] pue reds Juoij
2]} U93M]2q SIAUIJJNIS Y} JO 2IMOLLY Suippong/durpusg T
"2INJOTLIIS JOOY)
03180 PUE S3[110q SY3 UIMIQ 1oeduIl OU JO JANEIIPUL ‘saoard
1eds JU0IJ ) JO SIS PIEAIO) 3Y) UO pRUNOW SIHICY a1e pal Ieds Juolj AU} JO UONEISQN [eul SMOJ[E 1eds juoy
wnpap 1o1eMm 2qEI0d 31} JO OIS JU0LJ 21} O sfeurep IOUlN 1 31[) JO PIEMIO) AIMIOTUI)S FB[ISTY puk 100} 081m0 JO SS0T
'99 7y PUE 99 T ¥e PIOYS FULI 3y} JO PIesIo} ysnf unys
‘7-9 pue ‘1-9 ‘[ 1-y 2131 3§ 99 T Pue oJe[esny pue pIoyd Suil 3y} 0} PINIWISULH) ST Weaq [39%
wnpaw 99 g 1 3e[esny pue pIoyo Jull 3y} Ul SAMOLy Apeg oy Jo uontod pmy oy} uo SUTPEO] PIEMUMOP panunuo)
01~ 213y 29§
qSU 0] 1Jo] OLIOUILAS 2B suayed amoeL] ‘gom
1eds Juo1y 3y} U1 S2INJORIY A[IED O} Surpuodsa1100 SUONEI0[ ‘99 1Ed PUEB 99 14T & qam peayyInq amssaxd
1€ 218 99 T PUE 99 TTLT 1B QM peayy[nq assaid 19M0[ 21} JO uoneredas [EOTMA UT S)NS3I WESQ [39Y
wInIpoN 150 21 y3noIy) SoINIORLj Suissordoxd premumo( | 941 Jo uorpod premio] i) uo SUIpeo] pIEMUMOp panunuo)
‘01~ 2181y 92§ *(qam oy Jo uorod
pIreoqino 21mus) ¢/ TEY 01 97 "TEY Woy pue oL 18T 0} €€ ‘qam Ieds Juoy 9y} 03 gam pesynq amssaid
[T WO} PIEMUI PUE UmOp s33133p S Aprewnixoxdde jo 1oM0] 21} SUNOSUOD SISALI 31} JO IN{IE] Te3Ys € Ul jnsa1
UOND21IP 1eaYS B JJROIPUT GIM PEIYNIN] amssaid 19M0] pue ureaq (293 Sy} JO pud PIemIoy 3y} U0 SPEO] PreMUMOp i)
wnipapy qom Ieds JuO1j O} O} UOWIUIND SIQUS)SE] JUSIYIEHE em | ‘99 T pue 99 1T pareredas gam reds Juoxy ol YIM
[PAY] SNOILVAYHdSd0
3dUIPYUO)) ONILIYOddNS-NON SNOLLVAYASEIO0 ONILIOddS FONANOAS FTAISSOd 40 NOLLIROSHd

‘ON I LYVd

€-SA

"ON I AIDNANOTS

dVdS INOYA

ININOJNOD

UNOZ




¢ 4 B
F%ooir swe ™3 1
SEA

%
‘Zu
\
\'.
\
\
- \
\\
N\
\\
\
J
\
\
TobP ofF
\ \N-n-:p.cosmp)
B
- L . ) _ . —
\‘1\1% _ -
rd
| \
N E-%
ENY N A aNn oF SWRF3
Shaz TNumAL ROTAT .

PROBUICES 1MARARR OR FROMT
SPAR, 1IN A Rone 12 BELOW
. THE UPPER SPAR CHORD. Fiaure B-9



FROWNT
SPAR, . <4 )
SwWA ST

\ QN - S oy

NP PUNCTURES 1N
WES gxtEns Down
TO 1’ ABROVE. THE
. LOWER CRORD
\ s4" sgcnan of swadz

/ (SEGMEAT W -LO03

PeurRE B~
RoTAmon REQUIRED BY swes Fa
ARG FROMX SPAR N ORDER TD

PRrotucE DEES «PUTS 1IN TRE
FROMAT SOAR WES AT RBL ANC LBL 6.0

o o ( pssU™MING Cw-L03 ROTAES ABOUT LWR Rt

ST
5042



Pace &
21

- Q- N9

— y! s oy : “~
yegr) - anowalisS W \ i | hvﬁw TH
ANS Tt
S\ 772vH N
Q}k OWL\\ OY_”‘
[}
.J\_.\\ //\
DV e
jw@ Hvar
< % ‘ A\
\b : Ao
FONTY
s 9| m b oM4
¢ mzw/ a.uDP&é
h—

el RIS e
NVTD) VA 3



FRontT Seak Ann Kesl
REAM INTERFEACE.

CWwW-5Sn1
\ Frong

SPAR

‘ S8011D3 -57

Phce &
Sl

(6]
~#— Fwp -4

o O S (8] o] 0
t’w%‘/ W -2zt
3.—\ ‘(‘ { LLuR Siahg
4

K’J- LSS : e L //// SIS i pIL /’\,
7

S —y

Ny

Flaoure &-1)



Prce PP

33

h T s 1S ‘a1S 6as5-m> |
] o 05 908 Sa vy I ONDIOOT MAIN 3qIS aNOH

‘g gl

. [ =0 733 A cw ' M 'sns Hieg e
YOS-MO CIviohyy 2ANIe UL Al 1e3OHISACS
. amd

2\-g 33l

*

.

Xoydwi dulr(?wl g9 Anas3axd .

20S-MD : poy
agey 81 &Y v ST BAq101 - TIAIO
Ufhrob%l“..d{ﬂ_rl IpaLiooy Q1 JSANCMOVEL wug, ALl
Anachasins arwwToe SAVH MW 3l 18T &Y 14900 F TG OO h.
N J o reUyawias Ayl TOuBMy oY uTg'sb 79 NGD 3
AN A9} 0y vaUal € " oint £ 9806 al, ana ARPAST
: AN H1S~ND 9B LsaiMal skl cAlankd
-, N AL NN, - o> :
A s ) N 2090 yvw s s, e gomwzg saania anl
) WIP @Yy il SOvAMY AX ey 3u), M
=o PMAGINS AhoS | ol ﬁ ) _ ol
wed 4057 53 T AR, g 1/ay gmﬁm«m apd 9o del . (3&3«
s mao R YT SRR S A, __f Citta Ergtghglsc o R
NW—DZ M DRy Ped Ri q<5 AV 2D M4 3¢ (@ISl . Eﬂv‘l LZN!EW.R ﬂlﬁh&”&“ﬁo#ﬂ?—.
=g S0 TIOISVEA VoD w1 Fuelovag 10.0&@ IR TN s 2. ‘D ! G2 'sammos
Ay ggm N aned . . \ " BUL vt S 5t 0@ HC
? WIUWLS ‘Q¥orD _JO Fyvuowdyd  S15-M7D YA 1 WAY VO 1421 DL o N1AG
é&mhu%mn@.ﬂ?ﬁ& ?sﬁao.m.gt F30 HATM YYINS TIVILYTA 6% u % .3..039»&&..
: P \ . g2, il - [ bl 3L Wouap/,
S M W FHOHDS o anely Y @L__\\ ; \ ne;e_ A\\ — —
C10S (O QL IMINIBN UM JwadN 205 (VD TARYORIN TIWN +—155-0 N ) £aS-D .

o0 2Rl M IBIANS - Feeno M AN InAL !

| _ v Oriat .
' i mw.ﬁuwn\w.ﬂn»w}\?ohiwn@\_ YN
nJWsM . ) | m i

e
QY e TEEE

! o.om_.
IOt Jalkm al a0
. ) Rl gl ...:_c_. ”g
BAIA] g T ™
'2050(00 el BAINIAR Fnd Deacke SIS Oovo Sakolaivi 1AW - . *
I AOEATGY N Dniavalls “ 21S5-MD
G ’

HVdS LNOYS - INVL DNIM HILINID
. oo au

3AUYIHE Oy Ymaawm _Ho%?o =3 Ao .J.tci L& Jo .r.ﬁdtnuc W NOIIYMS oD 9e TN, @
*RWBR P NLLYIYSTYD YYD =t 0 vy naLAg S BN OYVEL VWO DI Faniovay hergy :

'S YIAVBICYY GYOMHI O JNVFN S VTAULMIA His 0 (NMOT I hd 51 830N ol v g&ym a

o b |
‘bSMD al : Ly
LAINIBY T Voaerh 25D TANIIN Tiyn W AR DI SR I w10 MW 13%@@ b (

‘yep tr (rellywydedd AWYD < =M 20 poISHALAT WM BoILOVYd ‘Quid (v ALV Mol %2\?2.“ ﬂvsw_...m&% =
. ‘LIS O QL amLVIAY A , :
SO SO LY VA g _,.p . ’
Pd T W bISOD SRARWDIGN! AWy T %5% f % TR JEV‘Q‘«Q&?“W%& ﬁ
—_ % ‘e _(rOrsiALAR F¥M BOUOVNL (i) 300 YY tancuan W 3] INIDS TIM) WWRD N RVAUN Y ) -

wavag/




Pace 4l
24

Ly GHED |

]

<) T

1

>|uEn

. VoL D
o oval 3n YPGS5-M0

_ o¢ Y
v, 230“.—%“»5 GUneSSY SvM

PPy avy 1583 (AIMLTgG 1a7

Bajg  NeOVHN] T3dy FNO
‘g6 a1 aw ‘6L g1

‘gzt n 87 UGS T8 o o
G4 188y wweg veery DM
Ly <BLYD0T7 - QIOND VAdJN Ui
s34 vouylii(] Amb g1
w SL 287 %5 181 ‘Cs g
11787 “L¢ ¥t sS4, 18y
16 184 1y swyvas doo T rAO
A34vicoss Y squrs (viD1yo AW
<y @V HNIAMQT oS

vdS \)
ayors_¥3440.3 OW
porid o 35 AW S

&i-g 3anomid

S 118 95 Gas-m3
(L4V ONDIOOT M3IA) 3AIS INOYA

805205905 '5a5-m>

X Ul Svpvag 3

Si1S-MD

W,&u ~y3ralsyy gam

X o o0y

J%m, 5-318
l

Fopvl
A YA vz opf

\mom-?o

L15-MD




PAGE B

35

L6/vT/10

‘Ureaq [99y 2y} O} UOWUId
s1ousjsej uoisua) Juipredar 1-zgm S 28ed souanbas 29g

“ureaq 293 24} 0} UOWIIOD SISUSISEY UOISUS)
THEMS 241 Jo uoneredas o[ISua) o) Ul SINSII WLsq
[39) 94} JO pU PIBMIO] 9} JO UCTIOW PIBAMUMOP PINUNUO))

'9-g 23y

995 "Juniy uoisusl cxgMS 241 Jo ped pua o1} JO SSIUNON)
jusreamnba oY) uey) 19)ea13 junoure ue 4q (aued upys Ay Ul
a0y 243 o1 pafnd udaq sey Jaudse) 3yl Jo uontod raddn
3yl Jo uorod Juureural Syl pue SIN[IB] PIIB[a1 UOISUD}

"SISUDISE] Y} JO SIM[TEJ UOISUD] UT S)MSAT PUB CHIMS
0} UOUIWIOD SISUIISE] UOISU9) 9y} ul Aedaa1y 9 oy} mo

WNIPSA sa1earpul Suniy UOISUD) 9] 24} 0) UOWIWIOD ISUI]SE] O L | Swo3l0q uresq (993 9l Jo pus pmJ 9yl JO UOTIOUT PIBMUMO(]
wresq
1993 PIBAIOJ 0} UOUIUIOD SUONJJIIP dImdel) pIoyd 1addn 1oy
$1-9 21ng1 93§ "UIys 3y} pue proyd [23y 3y} Jo uoneredas .
0} zoud Jutensar feuonippe spiaoxd Ljqissod pnom pue
SI9A1I JO PBIISUT SISUS)SEY WINIUE)T) YA PayoR)e SI pIoYyD
[999 2y} ‘suoneso] 128uLns oY) Iy sIaduuns [aued urys
I9AMO0] JO UOTI09SIAUT Y} Jesu djenrut Ajueurwopaid jey) unys ay)
saus uonentur idnmu sAey sarqiey gurres) pioys 1addn | o3 proyos ayl yoeye 1ey) SI5U2ise] ) pue [sued urgs Uonoas
‘sain[rey oyl ‘redspru aip 01 Ieds yuoiy ay) uroyy Surres) sgueyy I2]U3D 19MO0] 9} 0] UOUIIOD JUSWIYDBIIE PIOYD Uresq 993
UOISUS) ISUSISEJ JO SAUO0Z UIIMIaq [eozuoy pioyo 1addn pue ain[rej uoisua) J2AU 130q Jo Jaddn 213 Jo pua pmy 2y} 18 PajenIul a1k SaInjoel} (V9.4
£1-S PUB [ [-S U29M]2q SIINfre] UONBUIQUIOD € JO NS B SB Seam [aued urys uornoas 191uad | 01) 9o1ds pIOYD Ureaq [293] Jamoj dU) 0] UOUIKIOD UIeaq 993
UImIpapw IBaYs J2U2)SkJ JO SUOZ B SI 319y ], Tamop a3 wioly proyd raddn ureaq 1995 a1 Jo uonjesedsg | 2yl Jo pud premioy 3y e panjdde Suidq speoy jeorIaA YIrpm
‘01-g 21n31y ut uMoys
se JYS1ens A[9A1B[aI 31k UIedq {923 241 0] POYOLlIe urewas
1BY) SISUI)SEY S} JO NURYS Y 'SINU IY) UIOL] SPRIIY)
2y} paddins saey 10 SPEAIY] 213 UT PAINJORIJ IAJD JARY "UIBq J39Y 9Y) 0} UOUILIOD SISUDISE] UOISuD)
Yy SJuIy UOISUS) UIRaq [29Y 2} 0) UOLILIOD IJUDISE] Y I, Ia12WeIp 91/ jo uoneredas ui s)ynsai uonejol reds Juolg
-Juiof a3 ur Aepdaayy o' pue dn-durepo 3j0q Jo
'S3uUIYy UOISUI) CHAMS U} PuE wIeaq [29) ay) 0) uourwod | ssof ur Sunmsas Suniyy ay jJo ped pud oy} ySnory) arnjoey
s1oud)se) uorsud) Juipredar ¢-¢gm S 28ed aouanbas 299 weaq [233 24} 0] UoWWIod SFUNIY UOISUI) CAGMS YL
[9A97] SNOLLYAY4Sd0
oJUdpLuo)) DNILIOdNS-NON SNOILVAYASHO HNILIOIdNS HONANOAS ATAISSOd A0 NOLLATIDSAA

‘'ON dI LYVd

"IN

"ON dI IDNANOAS

1

VAL THIM LNINOJINOD

INOZ




PAce €B

L6/¥T/10

Y
ok !

3u pue 39| "6 1T 18 proyd Sunr peayynqg amssaid I1240f ) JO
sojededoid pue g TG 18 sajentur oxmoely proys Sury 'z | smyoeyy Surpuaq sareniur os[e pue 01jds PIOYD JOMO] ureaq
-2011ds p1oys | 293 9y Jo axmyoeiy SUIpuSq B UI S)NSI UIBIQ [29 pPIesio]
wWnIpa IamO[ uIeaq 199 o) Jo armoeyy Suipuaq premumod T | - 9Y3 0) 9ANR[AI V9T JO JUSUIDAOW PIBMUMOP PaOUnUu0)
_ ‘woneredss 1ayye 1snf A1qissod ‘Unys qom 1aMo[
"ureaq 1293 Jo uorod premioy Jo pioys raddn 2 woyy uoneredss proyd 1addn a1} J91Fe SIND20 PIOYD
wnIpay Jo uorod Furureurar pue qam jo Suippong uoissaxdmo) | raddn pue qam ureaq (293 piemio] Jo Surpronq uorssaxduwo)
"$1[0q UOISU2) 31} O} UourIod sajoy [oued umnys
Iamof a1} ur syreur exp o) saonpoid osfe pue pioyo raddn
ureaq 1293 a1 Jo aoeyms doj o) woiy Surpnaoid a1e jeyl
SISUD}SE] UOISUS) Ureaq (393 o3 jo uonuod a1y Jo Surpusq
pIemye ur s}Nsa1 uonjour o ‘joued UD{s J9MO] ) WOIJ
Y3 '01-9 pue .- ‘o~ ‘p-g ‘¢-g soIn3ij 295 uoreredas oy} pue ureaq 99y 213 Jo uonejo1 sy} Suungg
"X0q UIreaq [o93 oY} JO SapIs
* 10q In0qe SLNSUIWAS I8 SUON)RO0] aIM0el) YL "I+Z1
VLS 1€ PIOYD I9MO] Weaq j295 9Y) JO aInjorly Surpuaq e ul
AJTeUl] pUe oM 9Y) JO IN[ILJ UOISUI) BIIE JAU B Ul Sunjnsal
VHIIT |  qam o our ‘proyo wieaq (9o Joddn oy Jo aSury feonIoA
Juawdas ureaq 1993 SY) JO pud Ye y) Je weaq [99 Ay} a3 y3noxy) syededord 03 arnjdeIy Sy} ISNED 0] JUIADIPNS
JO pIOYd 13MO] pue ‘qom ‘proyd 1addn a1) Jo saxmoeIy oy} | ST jBY) UIeaq [99Y 91 Ul Juowow Surpuaq € saonpoid ureaq
Y31 M POIRIDOSSE SUONOAIIP pue sadA) armoeIj oY) JO MIIASY | 393 91} JO PUS PMJ 91} JO UOTIOAJOP PIRMUMOP Panunuo))
"Ieaq [993 91 0) TOUIUIOD SISUI)SEJ UOISUD)
"Weaq 293 oY} 0} UOUIWI0D Tedsprjy a3 Jo uoneredas J[ISud) oY} UI S)[NSAI UIBdq
s1au9)sey uorsua) Surpredar [-SN o5ed souonbas 90g | 993 91 JO PUS PIRALIO] ) JO HOTIOWI PIBMUMOP PINUTIUO))

[0A97] SNOLLVAY4SdO

30UapHU07) DONILIOddNS-NON SNOILVAYHSHO DNILYOddNS FONANOFS ATAISSOd A0 NOLLIISAd

‘ON dI LYVd

TINGM  ON dI AIDNANOIS

'

VA T34 LNINOJINOD

INOZ




UOK0AIIP
. . P-4 33093
YOO <. q NAOQ DNIXOOT MAIA
uiduo 6_ m
~<- o
onU_,* r < Q) po—adon svEE \ : .A.L:VV. \[
. § ° ) a9 g e
|&<an nv__sm e
] »
_ , S
?-s «S TINNUND?
-5 U-S <-S s\-§ —_—
kS |vT. P i'— — %9
—H € _AI 79
. . . g A oo ad
..A‘mv'l‘%" AA%VA%".AAA_VVY 1 ELELE] | e u'li.'v T\~ &
) - iav e .N’ e sS4 QL
" ey ..NT

o 0r —f

I3ONUNGD
- —
5| * s . 9l-s . LS %-< 0e-¢ i2-S 22-S e2-5
' Naond ..1\_ _
‘ =7 ll_ _ull..NN W —et—ie
—~ : — ; — | 00
H - O{Illl\lfr\.. o e e e e 1|<44l. v Jﬂu
— ll‘kv G-t ~— lln&." Yy [ — b 2 .
. pa S Soond A e Bher ey pov — o P
. : + \ 4 ! " —M i :m_ — v— N\.J rll
_ ; NOWQ OWLS v _
.& W

£,8MS :
¢ \W\d%j@ _.qm

NVHE T 40 S YHD ¥dddN



chce BF

35

‘weaq I00[J 38 Welj ON umowu) 9T 08L
‘gureIj Apoq pue UOIYOUE)S
uoaMm1aq Aemprur 95ue[y J9M0] JO 2INOR] ;UOISH) PIOYD 10MO] "PIRMUMOP
urys o} payoene P3103[Jop peYy Weaq I00[J 3y} J1 p[nom 11 uey) premdn pajos[jep weaq
UTRWIAI UOIYOUR)S PUE SWIEL] | JOO[J Sy 93] SIOW SJ0O] Jey} ISUUew ¢ Ul uio} sadue[y 23y seqy pioyd 1addn premdpn) 13971 008
“UIS 0} payoeye
UIewl UOTYOUB)S PUB JUIRI ] —
0¥8 VIS se adeys pue odAy plemdn yim Jusisisuod oq o} sreedde woroanp uonededoid pue adKy Sd1
a1moery proyd raddn sureg aImoely pioyod 1addn) ‘pIOYD 19MO[ 2 JO S3UR[J 19MO] JO SINJOBI UOISUI ], uotyoue)s je premdn ¥o71 028
urys 0} payoene premdn oq 03 s1eadde uonoanp uonededord ainoely pioyo sd1
UTBWIRI UOTYOIUR)S PUE SWRI] 1odd( ‘uonpuIOfop Tenpisal premdn Yim pPIOYD Iamo] JO SUIpUaq [8907] uotyouels Je premdn) 39T 08
2INJOBIJ A[ISUL)
urys o) payoeye | e jo saouereadde sey proyo 19mo] wonoarp uonefedoid simoely pue pioyo 541
UTBWISI UOTYIUE)S PUB SWEL{ 30 98pa 19M0] UO UOISUS)) 21myoely Jurpuaq premdn smoys proyd roddn uoryoue)s 1e premdp) oY 098
d1¢Ndd
UDYS 0} PAYOEIE 10U dWel{ "aurely Je wieaq 1007J Jo uoniod [jews jo uoreunojep premdn premdn ¥o1 088
"awrely je pioyd 1addn Jo uoreuLIO}Op S%meE
preadn a81eof smoys DZ 1N, U0 aIoely Sunepy "umop SUIpuaq [enprsal pue OCTNGd
“UIyS 0} poyoeye 10U Swres 1800 sey pIOYD Iamof 1nq premdn Surpuaq [enpisal [ed0] sey pioy2 1addn premdpn ¥o1 006
(39 Wdd)
JweIy JO pquI Weaq J0o[J Jo Surpuaq fenpisai premdn) pIoyd Ul UOHBWIOISP 9N dONEd
Urys 0} payoe)Ie 10U IRl ] [enpisal [eoo] ou jnq Surpusq piemdn YIIm JU2ISISUOD amjoeyy proyd 1addp) premdny 1971026
UIPIS 03 pIERE J0U SUIELL G/ €T Ye PIeAUMOpP UOTJBULIOJOP [BNPISI [EDO] SBY PIOYD I9MO] pue ¢/, Dt NHd
weaq I00[J J& SWelf ON g1 18 umop juaq st proyds 1oddn poyroddnsun pue pajeredas jo {3us] 4y premumo(g o1 0¥6
“UPIS 0} poudERE JOU SWiEld “PBaY J9ALI JO JUIPULQ [ENPISII PUB JIMORLJ
“UOTIOUE)S ON uo Surpusq piemdn SMOYS JUBULUAL UOLOUE)S JO pIeoqino proyd reddn swely Apoq je piemd) ¥°T1 096
UOLONLYSUODDI OJUL 1 O3
IND JuIWdeIe Weaq I007,] Umouyu) Y1086
SWRIJ 0] JATIR[DI WL I00]] Iaqumy Sel
SyIewoy SOT}ISLI9)ORIBYD PUR SAIMYED ] JO JUSWSAOW JO SUOTEIIPU] / uonedoy

Sowel{ 0] paydeNy SUTUTRWY SIUSWTOS JO SONSLIAIORIBY)) Wedd 100[ ]




e

fol

FAGE

uowgouels 3o OPTINgA
PQINO paINIORI] UILaq L00[] pioyo Jaddn J0f Jye pue umop Suipueq JO UONEJIPUL SWOS JAISN[OUOIU] Y3 092
UOLOUEIS JO PQINO YE papong pue
12 109q ST progo 10dd[] "2AISN]OUODUI PIOYD 13m07] “plemdn uoyeuwioyap
renpisax JYSI[s sey PUS PQUI Y} Inq FULIed} PIEMUMOD 1M JU)SISUOD
urys 0} payorNe | oq pnom yorym (3ois e Juronpoid) sFuefy 231) UdSIMIaq WOY a8uey gom wIo) 1dd
10U UOTYOUE)S PUE JWEL] sey oIMmoelj PQU] ‘UOTGIUEIS AU 1B UMOP Juaq st ployd soddn Jo q3us[ 91 premumo(] W3R 08
urys 0} payoene "DATSO[OUOJUT 2I€ §am PUR PIOYD I3A0] 9Y], “UOIYIUBIS Y3 1.8
UIBWSI UOTYOUR]S pUR SUIRL] 180U SUIYONG PIEMUMOP SMOYS PIoYd 12ddn 3t} INg 3AISH{IUOD %001 ION ipremumo(q 31y 008
pIEMIO] 0] IJE WOIJ JIe
urys 01 payoene Suipuaq pue SUIORIO S1e SUOHEROIPU] “SAISIIUOIUL 31 SAIMILL] Gam pur 14
UTRWIDI UOTYOUR)S PUR SUIRL] | PIOYD 1307 "UOIYIUER}S J& UOTIRULIOJSP [ENPISAI pIeMUMOp SBY PIOYD 1addn) UOIYOUR)S 8 pIemumo(] 143y 078
*21) TRIYS UOTYOUE)S PIOTD 19MO0] I8 J30 UN0I1q pray
1oualsey jJe Jo jieyq do] ‘Jusiedde j0u ST HONOLIIP AIMIBY I "TOTIEULIOISD
fenpisal premumop SIS sey pue Jurpuoq UMOp LM JUS)SISU0D (pioyo
unys 03 payodene | oyl jo a8pe 1oddn Sy) Je UOISUS)) S1MYORI] B SE PIOYD I9MO[ SY[ "Plesmumop st L
UTewWal UOTYOUR]S pue swel,] | UOLOUE)S 5t Je pIoyd 1oddn oy Jo amyoryy aY3 J& UOHEILIONAp [ENpISAl [B307] goryoueE)s j8 pIemumo(] W30 0P8
“QATSI[OUOIT ST 31 “YSUS[ $,)1 JO IOPUIBLLST 37 1940 pajroddnsun
ST 11 90UIS JNq UOIYOUE}S Y} JB Par] Pue UMOP JUudq ST PIOYD 19MO]
urys 0} paydene a3 jo uonpod Juof oy, ‘pIemdn sI JIMjoRI} Y} JE UOIBULIOJOP [eUpISal 144
UTEWDI UOTYOUE)S PUE SWEL] | [B90] NG UMOP Judq ST UOIIUE)S dY} JO PIEOQU PIOYD yaddn 2y o wonied 9 DAIST[OUOIU] W3y 098
"TOTYRIULIOJOP [eNPISAI 3] Yais dS3uefy
I9MO[ 3y} UO aIOely SULIBd) PIEMUMOD € SBY PIOYD 19MO] 3], "HOIOue)S
urys 01 payoeye o1 JEST UMOP JUSG SI PIOYD AIBUS AY) PUR WL PUT Y} 32 SUIPUq 4
UTRIUSI UOTYOUR]S PUR JLUELY pIemUMOp {200 sey pioyo 1addn sy jo o3ueyy 12ddn ay) o uontod SuoT UOIOUR]S 18 PI2MUMO(] U3ry 088
"aIyoely
atp) je SUTPUAq PIEMUMOP [2J0] SBY OS[E PIOYD 10MO] 9Y L “UOIYduE)s
uwys 01 payoeye 3y} 10U UMOP JU9Qq ST PIOYD INUA dY) pUe 2IMORI] pqul 343 Je gurpuoq d8NEd 143
HIBWIAI UOIYDUR)S PUB SWIeL,] pIemumop [e20f seq proyo raddn oy jo s3uefy 1oddn oy Jo uorpod Suo] UOTYOUE)S 1B PIEMUMO(] W3 006
86 T 183U VENH] U UONEULIOIdP [BNPISaL [BOOT] PIOYD U UOKEULIOJOP VENE DINAA
Urys 01 Payoelle 10U dWeLy [enpisal [e00] ou Jnq Surpuaq premdn [3im JU)SISIOD MO pIOYDd 1addp) sim, / premdn W3INY 0Z6
UOIOUR]S JO SUIRI] ON UMOWUN) W3y 0v6
UOI[JUE}S JO JWRL] ON UAMOUNU(} W3y 096
UOLyOUe)S 10 SRy ON umouyun} 3y 086
Juwely 0 2ANR[AI WEq I00[) 1aqunp SeJ,
syIeway SOTISIISIORIRYD PUE SIINIBI,] 3O JUOWAAOW JO SUOTRIIPU] / uones0]

Sowel,{ 0} paydeNy Suruemay SJUSWFIS JO SONSLIdIORIRY ) Wedd 100]]

T



eace T

a Métallurgy / Structures Sequencing Group Report

Appendix C: Summary of Pre-existing Fatigue

01/24/97 29



Prce E
A\

APPENDIX C

C.1 Front Spar Lower Horizontal Chord - Existing Fatigue Cracking

Fatigue cracks were found in the Front Spar lower horizontal chord in the fillet radius
Just outboard of the underwing longeron splice fittings at both RBL and LBL 80. The existing
cracks were approximately 1.2 inch and 1.45 inch on the RHS and LHS, respectively. The
cracks originated at the inside fillet radius and were part through cracks, progressing
approximately one third through the chord thickness (approximately 0.10 inch deep and 0.125
inch deep on the RHS and LHS, respectively). A schematic illustration of the fatigue cracking is
shown on the top of the following page.

The Front Spar lower horizontal chord in the vicinity of the fatigue cracking is subjected
to inspection under the Supplemental Structural Inspection Document (SSID) program. A
previous instance of cracking at this location was found on a different 747-100. Those cracks
were larger than the ones identified on TWAS800 but also did not extend through the thickness of
the chord. Cracking between the horizontal and vertical legs of the chord is initiated by
secondary deflections acting to open and close the angle between the lower chord legs as a
function of body pressure and underwing longeron loads. The orientation and configuration of
the cracking does not degrade the capability of the front spar lower chord in performing its
primary function of reacting wing bending loads as part of the basic wing box structure. This
region is affected by SB 747-53-2064 for adjacent ring chord cracking. The modification per SB
747-53-2064 had been installed on N93119 in 1982, incorporating two bathtub fittings on the
Wing Center Section lower skin panel and a double bathtub fitting on the fuselage skin. These
fittings are immediately adjacent to the underwing longeron splice fitting and serve to provide an
alternate load path for the longeron forward/aft loads. It is apparent from the bathtub fitting
arrangement that the post-modification configuration is very stiff and the deflection that would
have initiated and propagated the fatigue cracking has been significantly limited. Without
continued deflection, the fatigue growth cannot continue, indicating that the minor fatigue
cracking existed prior to the installation of the bathtub fittings.

Examination of the area of fatigue cracking and adjacent material on the fracture face
indicates an abrupt transition from slow crack growth to a sudden ductile fracture. This provides
further confirmation that the cracking did not propagate to failure due to fatigue but rather was
the result of a one time static overload associated with structural breakup. The NTSB Materials
Laboratory has examined the larger of the two cracks and will issue a separate report. A more
complete description of the fatigue cracking may also be found in the Metallurgical Field Notes.

Finally, the structural breakup pattern of the front spar has been discussed in Sections
4.11 and 4.12. The fracture of the lower chord through the fillet radius is consistent with the
impact of SWB #3 on the front spar and the subsequent overpressure acting on the front spar
rotating it forward about the lower chord. A similar fracture occurred in the fillet radius of the
upper chords of the front spar and SWB #3 as well as through part of the lower chord of SWB
#3. It should be noted that it is the propagation of the fracture at the fillet radius which has
coincidentally exposed the two areas of localized, pre-existing fatigue cracking near RBL and
LBL 80 in the lower chord.
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C.1 Front Spar lower horizontal chord - existing fatigue cracking (continued)

Fatigue Crack Location
Spar Chord

Approx.
LBL 80.5

Upper bathtub A ' t A

fitting _\ . :

Front Spar ':

lower chord_\
Tz

Lower Wing —/ ) ‘

skin .. A-A
--------- gt e
Lower bathtub . .
fting LHS - View Looking AFT l >

(RHS similar) OUTBD

C.2 Front Spar vertical stiffener shear ties - existing fatigue cracking

Small existing fatigue cracks were found in the vertical stiffener shear ties at RBL 83.24
(lower), RBL 75.92 (upper and lower), LBL 75.92 (upper and lower), and LBL 83.24 (lower).
The cracks were all in the shear tie radius
near the base of the leg that attaches to the
vertical stiffener at the aft edge. This
cracking is the subject of SB 747-57-2249.
The Service Bulletin was issued in 1989 after
reports of in-service cracking. The maximum / gi_o.w’ max\
crack length on the subject airplane was 0.20 O O
inch long. In service, operators have reported
cracks ranging from 0.50 inch to 1.5 inch
long without complete part fracture,
demonstrating the capability of these shear
ties to withstand cracking well in excess of O O
the 0.20 inch detected cracking under normal \ Ve
operating conditions. Furthermore
examination of the area of fatigue cracking
and adjacent material on the fracture face
indicates an abrupt transition from slow crack
growth to a sudden ductile fracture. This
provides further confirmation that the cracking did not propagate to failure due to fatigue but
rather was the result of a one time static overload associated with structural breakup.

See the Metallurgical Field Notes for a complete cracking description.

Typical vertical stiffener shear tie
Plan View

FWD BL
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C.3 Longitudinal Floorbeam at Front Spar - existing fatigue cracking

Small cracks were found in the shear tie of the LBL 75.92 and the LBL 33.99
longitudinal floorbeams at the intersection with the Front Spar upper chord at STA 1000. The
LBL 75.92 shear tie has a 0.15 inch fatigue crack emanating from the aft side of the hole and a
possible 0.125 inch fatigue crack emanating from the forward side of the hole as shown. The
LBL 33.99 shear tie has a 0.25 inch fatigue crack emanating from the forward side of the hole.
Examination of the area of fatigue cracking and adjacent material on the fracture face indicates
an abrupt transition from slow crack growth to a sudden ductile fracture. This provides further
confirmation that the cracking did not propagate to failure due to fatigue but rather was the result
of a one time static overload associated with structural breakup.

The component is a secondary attachment for floor structure and does not contribute to
carrying primary airframe loads.

See the Metallurgical Field Notes for a complete cracking description.

Longitudinal Floorbeam shear tie

0.125"

(possibli).l I'—'I IO.]S”

AT _TA

FWD View A-A (LBL 75.92)
Shear tie ?
69B02328-5
up
<4—FWD —J

9 OUTBD

FWD View A-A (LBL 33.99)
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Appendix E: Boeing Supporting Data

E.1 Introduction

Both concurrent with and subsequent to the determinations of the Sequence
Group, Boeing conducted separate analyses in the Seattle area to address various steps of
the documented breakup sequence. This exercise was done with the intent of providing
added assurance that the sequence as determined from the wreckage evaluation on site
would in fact be rational from the perspective of a much more rigorous analytical
assessment of airplane loads, stresses, and predicted structural behavior.

The primary analysis tool used was an ANSYS finite element model comprised of
the fuselage from FS 520 to FS 1480 and the majority of the wing box. Due to the very
large size of the model (approximately 120,000 degrees of freedom) and the need to run
thousands of iterations to address the nonlinear, dynamic effects of the structural
behavior, a number of weeks of run time were required on the Cray T94 computer.

Only selected aspects have been presented in this appendix added as part of the
April, 1997 reconvening of the Sequence Group. The analysis work is still ongoing and
further tasks may possibly be defined as a result of the latest efforts by the Group. This
data is presented with the intent of supplementing, not replacing, the stress analysis done
on site within the Group and summarized in Appendix D.

E.2 Failure Initiation in the Red Area Fuselage

The computer model was adapted to simulate the failure of SWB #3 and the front
spar as described in Sections 4.10 and 4.11. For the purpose of these analyses a sustained
overpressure of 25 psi was assumed in the wing center section. This number was
selected because it is somewhat higher than the minimum breaking strength of center
section spanwise beams which would make it reasonably representative of a fuel-air
combustion minimum overpressure. The fuselage was pressurized to 4 psi cabin pressure
differential.

The model confirms that the mass of the potable water tanks will impede the
forward motion in the center region of the front spar under overpressure loading. Failure
of the remaining upper chord and web at LBL 66 and RBL 66 would be the expected
result from the model. The model was then run with the front spar and lower bulkhead
webs fractured at LBL 66 and RBL 66. Figure E - 1 shows the predicted fuselage ring
chord and skin stress in the hoop direction to be approximately 60 KSI. This would
therefore exceed an allowable stress of approximately 55 KSI resulting in a predicted net
tension failure of the fuselage at S-40 (BL 66).
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E.3 Sequence of Wing Tip Failure and Wing Center Section Failure in Wing Bending

The objective of this phase was to determine that the wing tips could be expected
to fail prior to_failure of the already damaged wing center section for an airplane
configuration and flight condition rational for Flight 800 just prior to major breakup. It
was assumed that with the forward fuselage gone that the remaining airplane would
eventually reach a high angle of attack attitude due to the pronounced bias in aft center of
gravity. Since secondary radar returns do not appear to show a significant speed change
300 knots was assumed. Most important was the relative loading and strength at the tip
failure location (approximately WS 1195) versus the center section rather than the
absolute loading values. Two different levels of wing center section damage were
assumed to envelope what was believed to be represented by the wreckage. Damage was
primarily introduced by “deleting” effectiveness of varying amounts of forward upward
skin panel to simulate loss of support (i.e. front spar, SWB #3, longitudinal floor beams,
SWB #27) and resultant load carrying capability of the skin panel..

The analysis concluded that at a high angle of attack and approximately 5.5 to 6.0
“g” load factor the wing tips would fail while the wing center section with the lesser level
of damage would continue to carry the predicted loads. Figure E - 2 shows the margin of
safety for the upper wing panel in compression (up bending) buckling versus wing
percent span. As the figure shows,the margin of safety just outboard of the outboard
engine is minus four percent.

With the aerodynamic loading assumptions modified to account for the wing tip
removed the analysis was then rerun to determine if it is still rational to expect the center
wing box to fail after the tip is gone. Figure E - 3 shows the results of this analysis
illustrating that the wing upper panel would buckle if the damage was somewhat more
severe than the minimum level of “Case 1”. This loading case represented a further
increase in load factor of approximately 1 “g” over and above the flight condition which
resulted in the prior wing tip failure. The two wing bending analyses (tip on and tip off)
do appear to support the premise that SWB #2 was still sufficiently intact to provide
substantial support to the wing upper panel. This would be consistent with localized
damage to only the mid-portion of the beam due to keel beam separation.

E.4 Discussion of Original 747-100 Static Test Airplane Wing Destruction Test Results

As another check on the relative wing bending strength of the wing tip region
versus the center section the original 747-100 static test airframe wing destruction test
was reviewed. In this test the primary failure was upper panel compression buckling just
outboard the left side of body. However there was also a secondary failure a fraction of a
second later at (also upper panel compression buckling) at WS 1196 just outboard the #1
nacelle. A photo of the side of body failure is provided as Figure E - 4 and a photo of the
wing tip failure is provided as Figure E - 5. Both photos are looking at the top of the left
wing. The failure at the wing tip area on the test airplane is almost identical in location
and type to those documented for left and right wing on Flight 800.

The test confirmed the similarity of relative bending strengths of the wing tip
versus side of body region. It would be expected that with some center section
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overpressure damage the upper panel buckling initiation would move from just outboard
the side of body to just inboard (as documented near the left side of body on Flight 800).
The fact that the initial wing failure on Flight 800 was biased toward the wing tip versus
the compromised center section can still be explained by the respective wing loadings of
the test airplane versus Flight 800. The most significant difference relates to loss of lift
on the inboard wing of the Flight 800 airplane due to the acrodynamic ineffictencies
associated with the missing forward body and wing to body fairing.

E.5 Summary

The Boeing analysis effort directed at providing additional confirmation of
various aspects of the documented breakup sequence is still ongoing. Because of the size
of the computer models involved this is a time consuming process and represents a
significant resource commitment for Boeing. To date analysis has been done to replicate
sequence elements for wing center section overpressure driven failure up to and
including failure initiation of the red area fuselage lower lobe adjacent to the front spar.
Analysis has also addressed the sequence of wing tip failure and wing center section
failure due to upbending overload. Examples of areas of ongoing analysis are the
forward keel beam separation and fracture propagation in the fuselage lower lobe. As of
the time of inclusion of this appendix (April 8, 1997) the analysis has uncovered nothing
to refute the basic findings of the Sequence Group.
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Breakup Sequence

Failure Initiation; Fuselage Lower Lobe

Reaction in Ring Chord
and Fuselage Skin

Keel Beam Load
From Overpressure

Keel Beam overpressure related loading still present in lower
pressure bulkhead ( recatTep To AzsumeED 25 esyd

Load reaction is concentrated in ring chord and adjacent ,
fuselage skin at RBL 66 and LBL 66 where web has failed

Ring chord and adjacent fuselage fail in net tension at RBL 66
(§5-40R) 6O xS\ PREDICTED 55 KS\ ALLOWARLE

Fuselage crack propagates forward to access door opening at
STA 810

Ficure £ -1
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