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INTRODUCTION

Ihe space telesqope»contains_various scientific instrument
(SI) modules which are mounted to the Focal éiane Struc@ﬁre
(FPS) in a>sta£ica11y determinate manﬁer, This is accomplished
by usihé three registration fittings per SI module, one
resisting three translations, another resisting two and the
third registing only one. Due to thermal'insulating
requirements these fittings are complex devices composed of
numerous pieces. .The structural integrity of these fitfings is
of great importance to the safety of the orbiter transborting
the télesCope, so in addifion to the stress gnalyses performed
during the design of these components, fracture susceptibility
aiso needs to be»considéred. In this work the pieces of the
registration fittings for the Radial SI Module containing the
Wide field Plénetary Camera were exaﬁined to_determiﬁe which
would endénger the orbiter if they fractured and what is the
likelihood of their-fpacture. The latter is stated in tefms of
maximum allowable initial flaw sizes in tﬁese pieces..

When possible, pieces 6f the fittings where shown to_be
fail-safe through redundancy. Primarily this was done for the
Bolts in four bolt connections. For these it was shown thatAthe
'.loss of oné bolt would not destroy the connection. For pieées
in‘nonredundént configurations fatigue fracture analyses wére
perférmed.

In order_to‘determine the ma#imum allowable initial flaw

sizes, fatigue fracture analyses were performed using the



FLAGR64»compu£er program»written'by‘T; Hu‘of ﬁockweil
International (1}. This program integrates the crack growth
Apgtg per c?cle equation of Colliprie§t<[2] for a given géometry
and load spectrum, beginning at a specified initiél flaw si;e
and:gnding when fracture instability occurs. Given the desired
lenkth'éf Qervice of the parts, this program was used
iteratively to determine the maximum allowable initial flaw
sizes. 1In this work the desired length ;f service was taken fo_
. be four lifetimes, with a lifetime being defined as one
application of the load spectrum given ig Table 2.

Some of thelpiecgs are bolts or other threaded rods. If a
flaw exists at the roof of a thread then there is some
interaction:of the two stréss raising effects; i.e., the stress
cqncentration due to the thread and the stress singuiarity (if
Linear Elastic Fracture Mechanics methods arg.used) due to the
fléw.. The extent of this interaction is not yet well défined.'
In ordgr to obtain conser&ative estimateé df allowable initial
flaﬁ size for these pieces, a fracture analysié code called
ROD, developed by C. Meyers of MSFC, which also uses the
Collipriest crack growfh rate equation and includes the.
capability.of analyéing a rod with an external circumferential
crack, was used by treating the threadAdepth'as parf of the
flaw size. These estimates are included in this report.
However, inasmuch as the possible fracture:of threaded parts is
a common.issne in structural analysis it was decided to
investigate the stressAconcentratiﬁn/stress‘singularity

interaction to determine appropriate methods of stress



FLAGR04-compufer program,writteniby‘T; Hu of ﬁockweil
International [1). This program integrates the crack growth
.raterpgrvcycle equation of Collipriest [2] for a given géometry
and load spectrum, beginning at a specifiéd initial flgwrsiée ;
andlgnding when fracture instability occurs. Given the desired
lenhth‘éf Qervice of the parts, this program was used
iteratively to determine the maximum allqwable initial fléw'
sizes. 1In this work the desired length ;f service was taken fo_
-be four lifetimes, with a lifetime being defined as one |
application of the load spectrum given iﬁ Table 2.

Some of the'pieces are bolts or other threaded rods. If a
flaw exists at the roof of a thread then there is some
vinteractioniof the two stress raising effects; i.ef, the stress
concentration due to the thread and the stress singuiarity (if
Linear Elastic Fracture Mechanics methods are used) due to the
flﬁw.'.The extent of this interaction is not yet well défined.
In ordgr to obtain conser&ativeAestimateé df allowﬁble initial
flaw size for these pieces, a fracture analysis code called
ROD, developed by C. Meyers of MSFC, which also uses the
Collipriesf crack growth rate equation and includes the.
capability of analyéing a rod with an externai circumferential
crack, was used by treating the thread.depth as parf of the
flaw size. These estimates are included in this report.
However, inasmuch as the possible fracture:of threaded parts is
a common issue in structural analysis it was decided .to
investigate the stress concentratiéh/stress'singularity

interaction to determine appropriate methods of stress



-intehéity_factor cdlcﬁlation for these geometries, ahd;'thus,
fo be able to mak§ m;re'accuraté crack growfh pfedictions, not
. oﬁiy;fdn the:threaded,ﬁiéces of the registration fittings being
'fdhalyzéa’hefe;,but also.fbf future.fractﬁfe analyses of éuch‘
parts. The results of this iﬁvestigation will be included in
tﬁe finai report.
| This project was divided into four Tasks. 1In Task I the
identifiéation_of required fracture analyses was accomplished.
In Taék 11 the FLAGRO4_code, furnished by MSFC, was implemented
oh.Auburn Uﬁiversity’s IBM 3033 computer. Ih Task III stress
analyses needed in gddition to those uSéd"in thé_originél
design of the fiftings were perfofmed. These wére neéded to
'supp1§ éuitablérinput data for the fracture,dnalysés which were
pérformed as Task IV. This report, however,.is nbt divided by
Tasks.but, instead, by fittings, these being identified by
their location.at points A, B or C, as indicdfed in Figure 1.
‘Also shown in Figure 1 are the global coordihﬁte directions,
Vi, V2 &and Va,vfér the structure. Forces applied in these
directions ére identified as A1,A2,A3 at poiht A, Bi1 at point
B, etc. Table 1 shows.tﬁe loadé_in these directions for'fhe
Qarioué evé;ts in the service of the télescope,vand Table 2
shows the loading spectrum used in the fatiguélfracture
analyses of parts which experiencé complete load reversalé.
Some parts are loaded only during the positive of negative half
of the load cycles. . Some are subjected to a pretension. For
these the spectrum in Table 2 was modified appropriately. The

mefhods ?f analysis used and results obtained for each'piece of
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" each fitting are reported.

REGISTRATION FITTING AT POINT A

‘The various pieces of the registration fitting at point A

~ which were addressed in this work are listed in Table 3. Also

shoﬁn are the materials of which each is made, the threshoid
stress intensityvfactor range, AKo, of each, and the fracture
toughneas, Kc, of each, as well as the ﬁanner in which their
fracture susceptibility was treated; i.é;, a piece is listed és
fail-safe or else its maximum allowable initial flaw size is
specified. These are discussed as the remainder of this

section.

Focal Plane Structure Side
The base (679—3973) which mounts to thé FPS is shown in
Figure 2; The most likely fracture scenario 1dentif1ed for the

base was the growth of a through crack located ‘as 1nd1cated in

the figure. The loading on this crack was assumed to be due to

‘loads applied in the Va2 dlrectlon, resisted equally by the two

shear lugs. Thus. half of the load was . used as a tenllle

'stfess.on»é central through crack model as given 1n‘F1gure_3,

with w = 3.0 inches, t ~0.718 inches and og =_0.3646 x Az

ksi. This stress, og, is either the stress UA,Gno"or_oL of

.Table 2 if Az is due to Acousfic, Lift—Off or Landing loads,

respectively. From Table 1 it is found that the largeat value

of Az is 0.77 ‘kips whlch is due to Lift- Off Steps 8 and 16 of




the spectrum in Table 2 give the largest stress range, then, it

' being 0.56 ksi. With this applied loading a crack length equal

to.the plate width would‘not_be large enough to reach the

> threshold stress intensity factor range of 7 ksi—-inch9:% for

this titanium alloy. It was concluded, then, that fracture
would not occur in the base. |

Three flexures (679~4132) are designed to transmit force
Aa from the ball retainer to the cover. This causes the
Bending stress in the-fle#ﬁres. However, loads A1‘apd Az, which
gre primérily resisted by the three radial shear slugs, cause
éxial forces in these flexures since the applied loads, the
shéaf slqgs,and the flexures are not coplanar. This is -
illustrated in Figﬁre 4, and the.locations of the flexures in
theif Vi-V2 plgne is also shown. For ffactufe the lérgest
tensile stresses are the ﬁnes of interest, and this occﬁrs:in
the flexure identified as Fs in Figure 4. It was modeled as a 
cantilever'beam‘with its'movabie end restrained against
rotation, this end being loaded transversely and axiélly'B&

concentrated forces. This is shown in Figure 5. The bending'

stress is ob = 19.07 x A3 kéi, énd thé tehsile stress due fo
axial loading is ot = 9.53 x A1 ksi. For this particular
flexure the Az loading did not contribute to the stress. A

fgtigue fracture analysis was performed on the model shown in
Figure 5 considering an edge crack subjected to both tension

and bending using FLAGRO4. In the load spectrum of Table 2,

the stresses, o¢a, Lo and oL, are the sum of the bending and
tensile stresses. The FLAGRO4 program then uses the correct
5



- proportions of these in tension and:bending. The maximum
allowaﬁle:initial flaw size'for.four lifetimes was found to be,
ao = 0.022 inches.

The loads acting on the fléxures ére transferred to the
aluminum cover (679—4135). They subject the cover alternately
to tension and bending and then to compression and reversed
.bending, as is shown in Figure 6. The bending moment is due to

the lateral force, F, and the forde reacting it which is

provided by the internal spacer. Their lines of action are
assumed to be separated by a distance, e = 0.903 inches. The
axial loading results from Az. Neither of the fatigue-

fracture computer programs being used has the capability to -
treat a cyliqder subjected to both tension and bending, so a
fractufg model as is shown in Figure 3 was -used in FLAGRO4 fo
rebfesent hélf of the cylinder; albeit flattened into a plate.
In this model w ; 2:75‘inches, which is half of thé cover
circumfefence, t = 0.25 inches, the cover wall thickness at thg
point of interest, and og = 1.68 x F + 0.728 x As ksi, with F
= 0.857 x (A12 + Azz)b-5 kips. It Qas found that for a crack‘
‘half—leﬁgth of over 1.3 inches no-crgck propagation'will occur. -
A bolt (679-5280) holds the aluminum cover in place. The
- bolt has a pretension of 8.24 kips. When A1 ,A2,As are positive
this bolt is subjected to an addifionél tension of Az + l.é'x F
kips, with F defined as in the preceding paragraph. When the
negatives of these are appiied, the bolt doeé not carry the A3
load, but there is still a tensile contribution due to the 1.2

x F load. As a result every cycle of loading produces two
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cycles of tension in the bolt. 1In order to simplify the
analysis‘in a conservative manner, it was assumed that fhevAs"
“_lgading grqduceg tensile stress in the bolt on its negative
cycle also so thﬁt every cyclé'wouid experience the‘same |
maximum stress. The cross sectiongl area of the bolt is 0.1504
squafe inches, yielding a minimum stress in the bolt éf 54.8
ksi and a maximum stress of 54.8 + og ksi, with og = (As + 1.2v
x F)/0.1504 ksi, for each c&cle of loading. Thps, the terms  in
the Maximum column of Table 2 must have‘the 54.8 ksi prestress
added to them, all the terms in the Minimum column are simply
this prestress, and in the Cycles column each'number.isA
multiplied by two. Using this load spectrum in theiROD program
it was detefminedbthat fracturé instability wouid be reached at
four lifetimes for an initial circumferehtiglAflaw size of
0.069 inches. However, net section yielding will,occur.in tﬁis
pieceibgfore fracturé instability, so analyses were performed
to detefmine whgt initial flaw size would produce net section
'yielding at four lifetihes. This flaw size was found to be
.0;035 inches.

| ‘The bolt which holds the éluminum cover in piace mates
with an internally threaded portion of the ball lbwer retainer
(679-4130~111). This is illustrated in Figure'7.. The threaded
portiop experiences the same load speqtrum as the bolt éxcept
that the tensile area of this piece is different. In this .
analysis fhe minimum stress was 40.6 ksi and the maximum stressi
was given by 40.6 +(As + 1.2 x F)/0.2029 ksi. The ROD program

used in the analysis of the bolt does not treat internally



threadéd piecés,.so the threaded portion of the lower retainer
was treated as a platé/of width, w = 1.61 inches, which is the
circumference af its average diameter. 1Its plate thickness, t
 5?6;126 incheé;:is fhe differéncé bétﬁeen fhe 6ufef fédius of
the piece (6.312 inches) and the root radius of a 7/16 inch
Bolt.(0.186 inches). Instead of a central through crack, a
thrbugh edge crack was considered, the depth of this crack
being tﬁe'thread depth plus an initial flaw depth, and the
applied stress was assumed to be uniform. In this way it is
felt that an approximation to an internal circumferential flaw
- was achieved. The results of this analysis predict an
allowable initial flaw size of 0.011 ihches.

Thé‘ball upper retainer is attached to the lower retainer
by four bolts (NAS 1351) which were checked for redﬁndahcy.
Figure 7 shows the retainer and thellocatiOn of these bolts.
"In order to demonstrate the redundancy of these bolts it ﬁas
raésumed that one of the bolts was missing and that the other
three wbuld carry the tension and compressioﬁ required to hold
the fitting. The missing bolt was assumed to be the one in the.
fourth quadrént of the Vi-Vz plane, and the Lift-Off values of
A1,A2;Aa were used to compute the maximum tensile stress in'a
remaining bolt. A pretension of 2.9 kips was also appiied.
'The maximum tensile stfess in a bolt thus calculafed was-found
to‘be-76.4 ksi which is less than the ultimate tensile strength
of the bolt, Suyt = 80 ksi.u Consequently, it was determined
that-three bolts are capable 6f carrying the load, making this

connection fail-safe, and that no fracture analysis is



neéessﬁfy'for‘these.

_Four bolts (NAS 1005) are used to attach the base to the
FPS. These were checked for redundancy in the same maﬁner és
fhéfballxréiain;r é;nﬁécti;g>b§i£§; -Théiiécéfioﬁ of.tgé;e.r
_ boits ia shown in Figufe 2. Loads A1 and Az were faken to be
acting in a plane located 1.25 inchés_above the base/FPS
interface for moment calculations. The bolt assumed to be
missing is the one located in the third quadrant of the V:i:-Va
plane. Agaiﬁ using the Lift-O0ff values of the applied loads
_and a pretension of 3.09 kips the maximum tensile stress in a
bolt was found to be 102 ksi which is less than the ultimate
‘tensile strength of 140 ksi. Thus, this connection is

fail-safe, and a fracture analysis of these bolts is not

required.

Scientific Iﬁstrument'Side

The base on tﬁe'SI side of the point A fittipg (679~-2152)
is shown in Figure 8. A possible fracture because of a through
crack located as shown ih the figure was investigatea. The
procedure and resulté afe quite similar to those used and
digcovered for the base on the FPS side; that is, thé loading
was haif of A2 applied to a fracture'modei as shown in Figure
3,vbut with w = 3.24 inches, t = 0.88 inches and o5 = 0.263 x
szksi. As with the dther base this stress is too small to
develop'a stress intensity factor range as large as the
threshold value for any.bossible crack size.

For the jackhead (679-2230) the critical location for a



flaw is in the thread relief grove, as indicated in Figure 9.
This was analyzed'using the ROD program assuming a
 gi?cumferéntia1 q?ack'with a depth eqqal tq the groofe debt@“
ﬁlus an initialicrack depth. Loads A: and Az cause the same |
tensilé stress in the jackhead during both the positive énd'
negatiQe hélves_of the loéding cycles, while the Az load éauses
tensile stress during the positive half of the cycle and no
stress dﬁriﬁg the neggtive half. As was done in theAanalyéisi
of the bolt which fastens the aluminum_cpver, it was assumed
that the tension due to A3 loading occurs in Both halves of the
loading cycle so that the number of cycles in the load spectrum
of Table 2 may simply be multiplied by two.. This results in a
crack growth rate somewhat larger than actuélly exists, so a
conservative analysis is'obtained. The cross sectional area of
the jackhead is 0.1963 square inches, and a pretensioﬁ of 4.84
kips is applied, so the Minimum stresses in the'loading
spectrum are always 24.7 ksi. The Maximum stresses in the
.sbectrum are given b& 24.7 + (A + F)/0.1963 ksi, in which F =
0.813 x (A12 + A22)9-5. The fatigue fracture analysis
predicted a maximum allowable initial flaw depth of 0.084
. iﬁdhes to reach fractdre instability at four lifetimes, but as
is the case with the-aluminum cover attaéhment bqlt,,net
section yielding will occur prior to fracture instability. In
order to reach net section yielding not before four lifetimes
an inifial flaw depth of 0.032 inches is maximum.

The bolts (NAS 1005) which attach the base to the SI were

checked for redundancy in the manner used for the bolts
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:fastening.the base on .the FPS side of the fitting. Figure 8
shows the locations of these.bolts, and the one in the third
’_‘quadrant of the V1—V2 plane was assumed to be m1s51ng..
Lift-Off loads were used along w1th a pretens1on of 3 07 klps

" The A1'and A2 lqads were assumed to act in a plane 1.87 1nches
above the'base/SI interface. A maximum tenaile'stress in. a

- remaining bolt was determined to be 116 ksi which is less than‘

the ultimate strength, Sut = 140 ksi, so this connection is

also fail-safe.
REGISTRATION FITTING AT POINT B

Table.4llists:the various pieces of the registnation
fitting at point B ahich were considered in this work. The
‘format of this table is like that of Table 3 for the fitting at
‘point A; Except for the support plate on the SI side of tne
-fitting, phe_pieces of this fitting are identical to those of
the fitting.at_point C. Inasmuch as the loads are greaterbat
point C, the nesults obtained from analyses at point C are
taken as conservative results at point:B. To see the detaila
| of fhe analyses for all the pieces of the point'B fitting
except the support plate the reader is referred to the section
of this report titled "REGISTRATION FITTING AT POINT C". The‘
geomefry and loading of the point B support plate (679—2228)
are suff1c1ent1y different from the support plate at point C
that they were analyzed independently.

In order to identify likely fracture locations and to

n



- determine the states of stress at these loc#tions.in the
sﬁpport plate'at point B, a plane stress analysis of the
:AsuPP9{t‘p1atg wgs.perfo;med'uéing the”SAP V'finite élement
prdéfah [(3]. The.finite element model usea'is shoﬁﬁ in Figure
lb, along with the locations atlwhich flaws were assuhed to
exist. The cut-out region in which the flexure fits was
modeled by reducing the Young’s modulus of the elements in that
region by the ratio of the reduced thickness to the thickﬁess
'of the rest of the piece. As can be seen in Figure 10, only a
portion of thé suppoft plate was modeled, thé remainder being
treated as rigid. The most critical location found for a crack
in this piece is indicated in the figure. The stress
distribution at this location can be represéented by that due to
a combination of bending and axial loading, these being found
to be given by oo = 2.9 x B: ksi and ot = 2.5 x By ksi. These
only éccur during half of a load cycle, so the stresses in the
Minimum column of Table 2 were taken to be zero. An anaiysis
of an edgé crack was performed, and it was defermihed that an

initial crack depth of 0.153 inches is acceptable.
REGISTRATION FITTING AT POINT C

Following the format of Tables 3 and 4, Table 5 lists the
pieces of the point C registration fitting which were addressed
in this project along with the material, fracture-toughnesses,
and fracture susceptibiiity of each. A déscripfion of thé

various analyses is given in the following paragraphs.
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Focal Plane Stfucture Side

,_ ?"9 pogsible flaw locationsrwere investiggted én the base
(911-4236), these Seing illustrated in Figure 11 which shows
two views of the base wifh the ball installed. At location 12
is a through crack subjected to stresses due to the Ci1 loads.
The fracture model is as shown in Figure 3 with w = 4.50
inches, t = 0.5 inches and og = 0.349 x C1 ksi. As was found
to be the case with the dtﬁer bases, even when C1 is due to
Lift—Off this applied stress is not large enough to cause crack
growth for any flaw size which can occur. The ofher flaw which
 was considered was én'edge érack at location 12a. At this
location the Cz load causes both a uniform tension load and a
bending load. The.resulting stress is found to be_cg = 1.44 x
Cz2 ksi on the béll side of the piece, and it was assumed to
decay lihearly to zero on the back side. In the load speétrum
of Table 2, og is either oa, 5Lo or 9,, when the applied loads
are due to either Acoustic, Lift-Off or Landing sources,
respecti§e1y. These stresses were divided into the appropriate .
tehsile and bending stresses in'the FLAGRO4 program in the |
‘analysis. It ﬁas found that an edge crack depth in excess of
1.5 inches would be required to develop net section yielding
which will occur before fracture i;stability.

The stress relief groove on the stem of the ball

(679-2387-110) is the most critical potential flaw location in
this piece. A circumferential flaw was assumed to exist there,

as is shown in Figure 12. The cyclic loading is tension due to

13



thevforée, F = (C12 + C22)9.-5, during both thé_positive and
negative halves of the loading cycleé. Thus the numbers in the
Cyclésrcolumn of Table 2 were doubled, those in the Minimum
éél&mqrﬁé}e the prestress of 14.4 ksi and those in the Maximum
édlum;:wére 14.4 + F/0.3068 ksi. It was determined that net
section yiélding would occur before fracture instabilify, at
which time the flaw would have become 0.1485 inches deep. This
depth is predicted to be reached at fourllifetimes by a flaw of
initial depth, mo = 0.1475 inches. \

Four bolts (NAS 1005) fasten the base to the FPS. They
were checked for redundancy in a manner similar to those of the
other bases. fhe bolt locations are shown in Figure 11, and it
has assumed that the C: load acts in a plane 3.14 inches above
the.base/FPS interface. The worst condition arises whén the
. bolt'in the fourth quadrant of the Va-Vi plane is missiﬁg.
Assuming this bolt to be missing and a pretension of 3.09 kips,
 the highest remaining bolt tension was determined to be 5.88
kips, or 101 ksi. This is smallér than the ultimate tensile

- strength of the bolt, Sut = 140 ksi, so this connection is

fail-safe.

Scientifié Instrument Side

The ball on the FPS side fits into the support plate
.(679—2223). As was done for the support plate in the point B
fifting, a.plane stress analysis was performed using the SAP V
finite element program. The model used is shown in Figure 13.

As is clear from the figure only a portion of the support plate

14



was modeled, the remainder Being assumed to be rigid. The
fegions which are cut-out to accept the flexures were modeled
b& reduciﬁg the Young'’s modulus of the elements in these
régions<by-thé peréentagé that‘thé’material.ié aéfually
reduced. Also shown in Figure 13 is the most critical location
for fhe existence of an edge crack. At this cross section the
stress can be rep;esented by a contribution due to uniform
axial stress and a contribution due to pure bending, ot = 1.75
x Ci + 0.85 x C2 ksi and o» = 2.71 x C1 + 0.73 x C2 ksi,
respectiﬁely. Because these only occur during half of a lbad
cycle, the minimum'sfresses in the applied load spectrum were
taken to be zero. Net section yielding, defined in this
particular analysis as the development. of a plastic hinge at
this cross section, is the limiting condition here. So the
maximﬁm allowable initial flaw depth for an edge crack at this
location is the depth which will grow such that the cross
section is reduced to a size allowing net section yielding at
four lifetimes. This initial flaw depth was found to be 0.21
inches.

~ The support plate is connected to the base (679-2211) by
three bolts. The base attaches to the SI with four bolts.
This is shown in figure 14. The possible fracture due to
though cracks eménating from a bolt hole as shown in the figure
was considered. Loading at this bolt was assumed to be
one—-third of the applied C1.' A fracture model as is shown in
Figure 15 was analyzed with w = 2.125 inches,‘t = 0.58 inches

and the applied stress, og = 0.2705 x C1. It was determined

15



that the threshold stress intehsity factor range would not be
reached for any possible initiél crack size.

:V“'Since three bolts (NAS 1005) connect the support plate to
the base rather than four, this conhectioﬁ Qas not ch;cked fgr
fedundancy, but instead a fracture analysis was performed on
the bolt sﬁbjected to the highest loading. This bolt is
indicated in Figure 14. In addition to ;he preload of 3.07
kips, it is subjected to a fluctuating load of 0.434 x C:1 kips
during half of a loading cycle and zero during the other half.
In view of this, the minimq@ stresses were taken to be the
prestress and the maximum stresses were the sum of the
prestress and the fluctuating stress. A circumferential fléw'
thch is’0.027 inches deep will cause net section yielding, but
this‘fléw doeé.not ;row when subjected tovthe.stress_intensity
factof,range correéponding to the applied fluctuating stresses.
Therefore, the maximum allowable iﬁitial circumferentigl flaw
depth is 0.027 inches.

The four bolts (NAS 1005) which were used to attach the
base to the SI were checked for reduhdancy. Their locations -
‘are indicated in Fiéure 14. The C:1 load was assumed to act in
a plane 2.45 inches above the base/SI interface, énd the bolt
in the first éuadrant of the Va-Vi1 plane was the one assumed to
be missing. The largest bolt tension due to the applied loads,
. which were the Lift—Off loads, was found to be 2.1 kips. This
load along with the preload of 3.09 kips causes a tensile
stress in the‘bolt of 89.5 ksi. The ultimate tensile strenéth

of the bolt is 140 ksi, so this connection is deemed fail-safe.
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REMARKS

;Variéﬁé piéces 6% tﬁe.regféffatioh fiffingétfér fhe Radial
!SI module of the Space Telescbpe have beén examinedvfrom a
 ffécfure>m§§hanics point of view and deemed to be fail-safe or
.eise’have héd maximum allowable klaw sizes specified for theﬁ.
- The results of these analyses are summarized in Tables 3 - 5
- and alsd'in tﬁe Appendix thch is compriqed of tables in a form
normally used by MSFC in summarizing fracture analysis results.:
In many instancgs the abpiied stress levels were so low fhat
the threshbld stress ihtensit& factor range was never reached.
In mosf of the bfhefs the allowable flaw sizes were large
enéugh:to be detected by visual inspection.‘ However, for some
parfs, such as the flexures connecting the aluminuh cover to
'fhé ball retainer in fhe fitting at point A, the flaw sizes
were rather small. Eddy current tests are capable df-detecting
flaws.of this size (0.022 inches x 0.1 inches), so for those
whiéh have been so tested thesg small flaws should repfesent no
danger of going undetectéd.

fn:every instance approximations wefe made to err on the
qonservative sidef These were pointed out in the discussions
of the analyses for each fitting. One comnservative
approximation that was not mentioned, however, is the faét that
retardation was not included in the crack prppagation
computafions, It is probable that.retardation occurs after

Steps 8 and 16 in the load spectrum of Table 2, and so it is

17



expected that the predicted crack growth rates are larger than
they are in reality resulting in smaller predicted allowable

flaw sizes than actually may be tolerated.
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TABLES
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- TABLE 1  RADIAL SI LOADS

Forc Acoustic (kips) Lift-0ff (kips) Landing (kips) =
A 0.7 2.372. 1.660

A, 0.298 | 0.770 0.425

Ay 0.660. 2.014 1.894

B . 1.213 ' 3.459 2.091

c . 1.208 3.440 2.082

C, ©0.958 2.148 0.987
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TABLE 2

Event R

Acoustics

Ship

Launch

Landing

Launch

Landing

RADIAL SI LATCHES LOAD SPECTRUM

~N oY O s

x©

10
11

12
13
14
15

16
17
18

19 -

20
21
22
23

Stresses Calculated Using Acoustic Loads
Stresses Calculated Usihg Lift-0ff Loads

Stresses Calculated Using Landing Loads

Maximum

1/3
2/3

.39
.37
.35
.33

.75
.50
.25

.75

.50
.25

.75
.50
.25

.75
.50
.25

X o
X o

x x x x
r_Q r_Q

21

Minimum
1/3 x o
2/3 x op
A
.20 x o
.22 X o
24 x o
.25 x OL
%o
.75 x %0
.50 x gLO
.25 x %0
O
75 x o .
.50 x cL
.25 x o
- %0
75 x %0
.50 x %0
.25 x %0
G
.75 x 5
.50 x 9
.25 x o

Cycles

1417
1696
487

- 155
799
13837
218378

13 .
30

10

13
30

10




. buiprags uop3aas 3aN = ASN
UOL13935 319N = ASN -‘YIMOUY YDBU) ON = HIN ‘94eS-|le4 = S-4 ‘wedg abp3 ybnouayl = g31 ‘Melq (BLIUBIIIWNIAL) = ) A3y
. S-4 o - 982 V SO0T SYN s3|og aseg
(ASN) .2€0°0 = % 9 56 L OW 8-ETHd 0£22~619 peayxoep
9N 08 9 AY-V9 I 2512-649 aseg
5§
§-4 - - ) 982 v _ S00T SVN s3log aseq
s-4 . - - 151 0g=*"g ‘1993s TSET SN S310g 43U} 39y
_ 11070 = %o 9 08 9 AP-TV9 1L TT1-08T6-6L9 J3U1R}BY J3MOT
(ASN) .S€0°0 = & *2 $6- L oW 8-E£THd - 082$-619 104
90N o : S°¢ £L1-5L0L SETY-649 SELUA]
.220°0 = %e ‘g1 56 L C OW 8-€THd - 2E1¥-619 aunxaj 4
9N 08 . 9 . AP-9 1L . £L6€-6.9 : aseg
1544
A3 111q1adaosns aan3oedy A;uc_\/_uxvu{ (wautA 15%) %Yy letuajey - *ON 1.ded auweN jaeq

” , A31111q43daosng aunjoedd buriliy v 3utod ‘g 2iqel

22



bulp{ata u0§323S 33N - ASN

YIMo4n YIBA) ON = 9IN ‘@4eS-{]1®4 = S-4 ‘weag 3bp3 ybnouay) = g31 ‘mel4 |eIIULBIUNOALY - )

sasApeue Bul3lj4 9 U0 WO4y PaULRIqo SI|NSIY - 4 :Kay

-4
(ASN) ,£20°0
9N

«€S1°0

s-4

A>mzv_=m~v~.o
9N

]

A3111913dadsng aunjded

001
08

08

56
08

(WA

-- - gz v
s1 982 v
9 Av-1¥9 1L

9 Ap-W9 1L

- . .98 v

L OW 8-£THd

9 : Ab-TV9 1L

1)y Azuc_\/—mwix< QYEL

A3114q13dadsng aun3doeyy buplled @ 3ULed  “y 3lqel

S00T SWN
S00T SVN
112¢-6L9

822¢-649

S00T SWN

0T1-£8£2-69
BEEY-T16

"OR 34ed

(1s/9seq)
) +S3108

(9s®eg/ds)
«S3109

FEES T
91eld 340ddng
IS
%5308
«LLeg
¥aseg
:Sdd

“auey jJed

23



u01323S 18N = ASN .:uzogu }oed) oz = 9IN ‘94eS-|jed = S-3

‘wedag 3b6p3 ybnouyl = g3t

‘MRl4 |R}IUIIBIUNDAL) = I

Buipraja
1A3y

S-4

. . o .

{ASN),L20°0 = ® )

, 92N

. . o

(ASN) ,12°0 = "® ‘g3l

S-3

. ° .

(ASN) .SLPT°0 = ® 9D

k]

9N

A1111q13dadosng aanmyded]

001
08

08

S6
08

(WOULA 1SA) 7y

(udsupA 151) v

982 v

98¢ Vv

AP-V9 1L

AP-TV9 1L

98¢ V

OW 8-ETHd
Ap-TV9 1L

tepaayey

A3§11943dadsng aunyoeay bujllyd J Julod ‘5 aiqey

S00T SVN
SO0T SVN
112¢-649

£2ee-649

'S00T SVN

OTT-£8£2-6.9
9€Zb-116

"ON 3jJe¢4

24

(15/3s%g)
" siLog

{9seg/ds)
s1log

aseg

3jeld jqoddng
IS

s}Log

Lieg

aseg

+Sdd

SMWEN 3424



FIGURES

25



h)

Figure 1. Radial SI in -V3 Bay
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Figure 4. Locations of the Flexures and the Shear Slugs
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Figure 6. Section Through Aluminum Cover (679-4135)
Showing Applied Loads and Reactions
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Figure 7. Ball Retainer (679-4130)
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Figure 15. Bolt Hole Crack Model
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