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ABSTRACT

A 1/8th scale Structural Dynamics model of a parallel burn
Space Shuttle has been designed. Basic objectives were to re-
present the significant low frequenéy structural dynamic -

characteristics while keeping the fabrication costs low.

The model was derived from the proposed Grumman Design 619
Space Shuttle. The design includes an Orbiter, two Solid Rocket
Motors (SRM) and an External Tank (ET). The ET consists of a
monocogque LO, tank (,02" walls and .016" lower dome), an intertank |
skirt (.05" skins) with three frames to accept SRM attachment
members, an LH2 tank (.025" and .016" skins) with 10 frames of
which 3 provide for orbiter attachment members, and an aft
skirt with one frame to provide for aft SRM attachment members.
The frames designed for the SRM attachments are fitted with trans-
verse struts to take symmetric loads. The SRM consgists of
a monocoque (0.2" skins) cylinder representing thé propellanti
carrying structure, a simplified forward skirt with two frames
and longerons for interstage attachments, and an aft conical
skirt with one frame for interstage attachments and 4 1ongerons
representing the on-pad support structure. The orbiter consists
of an aft section representing simplified version of the major
load paths between engines and the aft interstage'attachment,

a nidsection formed from U shaped frames spaced about 10" apart
covered by a .02" skin, provisions for 3 different payload
lengths, wings designed as 6 spars covered by .02" skins, a
simple torque “ox representing the fin outAto the c.g., and a

tapered non=-circular shell representing the cabin.

The model design details are presented in 41 drawings
which have been filed with the Dynamic Loads Branch of the Loads
Division at the NASA/Langley Research Center.
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MODEL DESCRIPTI'ON



SUMMARY -

The basic objectives of the 1/8th scale Preliminary Structural
Dyniamics model are to:

o Provide early verification of anslytical modeling
procedures on a Shuttle-like structure.

6 Demonstrate important vehicle dynamic characteristics of
a typical Shuttle design

o Disclose any previously ungnticipated dynamics
problems

o Demonstrate optimum configuration changeslfor
eliminating critical problem areas

0 Provide for development and demonstration of cost-

effective and efficient prototype testing procedures

The design objective for this task was to represent important
étructural dynamic characteristics (discussed in CR 112196) while
keeping the fabrication costs low. The basis for the model was
the Grumman proposed Design 619 Space Shuttle which was a 4.8M 1b.
GLCW 182 ft. long parallel burn configuration. Simplifications
included extensive use of constant thickness unstiffened skins
in place of variable thickness skin-stringer-frame construction,
frames designed as back-to=back channel with elements formed
from cut flat plates fastened between them to act as fittings.
in place of machined frames, and simple.tubular struts with
standard AN end fittings for interstage members in place of more
elaborately formed members. These and other simplifications in
the design resulted in locally stiffer and heavier areas than
would occur in a full replica model, however, they were necessary
to keep the fabrication costs within target. Strictural joints

in the model were designed to be simpler and stiffer than the



prototype in an effort to avoid the extra flexibility which has

occurred in replica scaling down to thin gages.

The model consists of 4 elements. An Orbiter, and External
Tank and two Solid Rocket Motors. Since investigation of
hydroelastic effects was an important objective in the test program,
and since the ET flexibility and weight was expected to be the most
significant factor in the low frequency modes, the ET was the first

element to be designed.

The ET is 39.5" in diameter and 237.8& long and consists of
a forward L02vtank, an intertank skirt with provisions for
attaching the?SRMs, an aft LHé tank with internal frames to
support the Orbiter attachments, and an aft skirt providing the
aft SRM attachment. In order to avoid buckling of the LH, tank
during vertical suspension of the model, it was designed to be
:supported from the intertank skirt. The LO2 tank is of welded
monocoque constant thickness design 78.3" long. The forward
portion is conical while the aft is cylindrical. Both regions
have .02" thick walls. The bottom consists of an ,016" thick
lower dome. The intertank skirt is 29" long cylinder of
.050" wall thickness. There are 3 frames to accept the SRM and
the model suspension system attachments. The LHé tank is a 144"
long cylinder with 10 frames, 3 of which take the orbiter -
attachments ané the remsinder required to prevent buckling. The
skin thickness is .025" in the upper regions of higher load &nd
.016" for the remainder. The aft skirt is a simple .020" thick
eylinder 13" long with a single frame to take the SRM attachments.

The SRM consists of a forward skirt with ET attachment
provisions, a propellant cylinder, and an aft skirt with both ET
attachment and hold-down support provisions. The propellant
cylinders are 147.3" long, 19.5" in diameter with 0.2" thick walls.



The propellant simulation proposed is inert PBAN which has an inert

salt in place of the oxidizer used in the active material. Six

cylinders are proposed, two each to represent full, maximum gqe&X ,

and burnout conditions. The forward skirt ié a 23.6" long .05"

thick cylinder with a forward and aft frame to provide for ET

attachment. The aft skirt.consists of a cylindrical and conical section. The
5" long by .062" thick cylindrical section contains the SRB to

ET attachment frame. The 22" long .062" thick conical section

progresses from 19-1" diameter to 30.2". Four tapered longerons

attached to this cone represent the hold-down supports.

When the ET and SRM designs were almost completed,
manufacturing cost estimates were made to determine the fabrication
cost target for the Orbiter. The Orbiter representation which
met this requirement consisted of & forward non-circular shell
representing the cabin, a midsection payload and wing area, and
an aft section providing a representative engine and fin support
' ‘structure. The fuselage external lines are simplified to
minimize curved sections, the sides and bottom are flat as are
the surfaces of the wings and fin stub. The forward .020" thick
shell is 17.25" long and varies from 19" to 26.4" deep. Longerons
are extended along the sides and slightly forward to constitute
the forward hoist point when lifting the Orbiter separately from
the remainder of the model. The midsection is 102.5" long and
consists of a series of U shaped frames spaced every 10" running
up to shoulder longerons aloné’each side. These frames are covered
by .020" thick skin. Payload attachment provisions are made at L
locations along the length. The payload door is & semi-cylinder
.016" thick divided into 7 segments along its length by.V shaped
angles which permit the door to carry torsion but not bending.

The wings consist of 6 spars 2.5" deep at the tip and 6" deep
at the root extending 49" from the fuselage and covered by .02"



skine. “I'he wlt ocction of the orblter is 20" long and is designed to
represent the basic load carrying structure between the orbiter engines
and the‘ET thrust load attachment. At the aft end is an open frame
which supports the aft fin beam. Forward of this is the engine bulk7
head containing provisions for mounting representations of one upper
and two lower engines. A sloping deck between the engine bulkhegd and’
the aft payload bulkhead provides a load path from the upper engine to
‘the shoulder longerons. Two struts provide a path of proper stiffness
between the lower engines and the ET thrust attachment. Stability of
the sloping deck and the strut attachment points is provided by vertical
channels gttached to the engine bulkhead.



MODEL DESCRIPTION

Basically the design is a simplified 1/8th scale model of a
parallel-burn Shuttle, which full scale is represented by the
Grumman Design 619 (or GIII) shown in Figure 1. A summary weight
statement for this prototype is listed in Table 1.

In simplifying the design, a major objective was to keep the
fabrication costs within target while retaining as many of the
significant structural characteristics important for dynamics as

possible. The guide lines used are outlined in Section 1 of
CR112196 prepared under NAS 1-10635-L.

. External Tank

The prototype design used as the basis for the model is shown
in Figure 2. The principal parts of the external tank are the
oxygen (LOE) terk, the intertank skirt, the hydrogen (LHé) tank,

. |
. and the aft sxirt.

Initially, in designing the model-external tank, an effort
was made to adhere to the scaled down cross-sectional area and
the moment of inertia in bending for both the major structural
elements and the interconnecting members. This proved to be
difficult in the LHé tank when an effort was made to provide
for a test condition where the configurations without the SRM's
were supported »y the orbiter engine base. Buckling occurred
if scaled down thicknesses were used even with the addition of
rings at less than 2" spacing. Suspending the model from the
intertank skirt at the interstage connection and thereby putting
the LH2 tank in tension eliminated this problem below the
suspension point but buckling was still present above the
suspension point in the intertank skirt. Therefore, at'ter
discussion and a NASA review, the change of support point to the
intertank skirt was made and the intertank skirt thickness was

increased in gage until buckling was no longer a problem., This



approach also minimizes fabrication costs. .The comparison in
areas and inertias between the proﬁotype direct scaling and the
model design is shown on Figures 3 and 4. It was felt that the !
resulting configuration would still pfovide a good check of
analytical methods, and that the major structural dynamic
interactions between the model SRM, external tank, and orbiter
would still demonstrate the type of behavior anticipated on the
prototype.

The prototype LO2 tank was monocoque construction with variable
tapered skin thicknesses as shown on Figure 5. The model tank is
also monocoque. The lower dome is formed of 3 spherical segments
to save the tooling fequired for an elliptical shape. The
thickness which varied in the prototype, is kept constant in the
model at .0l6". A thicker section is retained adjacent to the Y
ring to permit welding. The model Y ring is considerably larger
than the scaled down prototype dimensions and is made in simple i
tapered shape to expedite analysis. The cylindrical section of
the model LO2 tank which if scaled directly, would require
variable-thickness (.023 to .016") is kept constant at .020". The
conical section (scaled prototype design .016" to .012") is kept
constant at .020" to avoid welding difficulties. The upper dome
which, if scaled directly, would have been .0065" is .025" in the
model in order to limit welding and handling difficulties. The
upper dome is a single spherical section. A removable upper
cover is added to permit inspection and cleaning of the model. The
dimensions of the LO2 tank are adjusted to provide proper scaled

LO2 weight using HéO.



The Intertank Skirt in the prototype was a ring-frame stiffened
cylinder with one very large frame stiffened by internal struts
(Section B-B, Fig. 2) to carry the SRM symmetric lateral (Y
direction) load. These strut cross-sectional areas would be .16
to .19 sq. in. if directly scaled, but in order to achieve
commonality of members throughout the model they are increased
to .26 sq. in. Back-to-back channels are used in place of tubes.
The skin gages required in the prototype varied from a minimum
of .070" to a maximum of .2". Scaling these values down to .009"
“to .025" for the model would result in buckling in this area
under handling and vibration test induced loads. Therefore, to
~ avoid the complexity.of many rings at close spacing, and chem
milling to various thicknesses, it was decided to select a
A.O5O" aluminum skin which is the minimum for a uniform thickness.
There are, therefore, only 3 frames required in this area of the
model, The SRM axial loads are applied to two fittings on each
gide. One of these fittings is shown in detail in Section B-B i
on Figure 2. In the model, this fitting is also used to suspend
the configuration. Therefore, the model is heavier than a scaled-
down version of the prototype would be. In simplifying the
design to reduce machining costs, still more weight and stiffness

is unavoidably added.

The LH2 tank protbtype, as shown in Figure 2, was a ring-frame
stiffened cylinder with 3 major frames and fittings to accept the
orbiter induced loads. The skin thickness if scaled directly,
would vary from .026" to .015". To simplify construction of the
model, the skin is either left at. .025" or chem milled to .016".
The total number of ring frames and ring stiffeners is limited to
10, about half the number in the prototype. This is feasible
because the buckling loads were low. All three ring frames are

back-to-back channels having the same channel section in order to



save tooling costs. The I (area moment of inertia) selected for
each of the frames is 0.45 in.u which is approximately representa-
tive of the scaled prototype value of 0.49 in.h for the forward
interstage frame. The end domes in the model are .020" in place
of the .009" scaled from the prototype in order to avoid welding
and handling problems, They are formed with the same tooling as
the L02 tank dome and, therefore, unlike the prototype, they

have the same geometry. The internal struts in the frames

which distribute the aft orbiter loads are of the same geometry
‘as the prototype but made from back-to-back sections in place

of tubes in order to save tooling costs. The crosé-sectional area '
of the model internal struts is larger than the scaled profotype
value (.26 in.? in place of .23 or .19 in.2). The prototype
orbiter drag fitting was as shown in Detail P of Figure 2. In

the model, the drag fitting has the same effective line of action
but is made of a single machined straight sided element which is

‘stiffer and weighs more than the scaled prototype value.

The aft skirt in the model is simpler than the prototype
sinceé there is no beading of panels or ventral fins and only
one ring frame which distributes the aft SRM loads. This is
stiffened by lateral struts which would be .19 to .22 in.2 if
séaled from the prototype, but which are .26 in.2 in the model
to save the cost of additional tooling. There is no full
bulkhead installed in the model as there was in the prototype
since the bulkhead was not considered significant for the structural

.dynamic characteristics.



SRM

The prototype design used as the basis for the model is shown
in Figure 6. The central cylindrical section which in the
prototype is made of 6 segments of .57" thickness steel is modeled
by a single 0.2" thick walled aluminum cylinder. The propellant
is modeled by an inert propellant in which the oxidizer replaced
by an inert salt. No structure was considered necessary to
‘represent the upper domé of the prototype. The lower dome is

represented by a conical section for simﬁlicity.

The forward skirt in the prototype SRM was designed as an
orthogonally stiffened steel cylinder with closely spaced longerons,
and with 5 ring frames spaced about 26" apart. Skin thickness
varied from .2" to .06". 1In the model, this is represented by
an unstiffened .050" thick uniform aluminum cylinder which
represents average thickness, and because this thickness will
prevent buckling under any of the model loading conditions.

The forward skirt of the model has frames consisting of back-to-
back channels located at the forward and aft intersections of the
interstage struts with the skirt in order to take the SRM=-to-
external-tank loads. 'In the prototype, the forward frame had an
area which varied from about k4 in.2 to 10 in.2, with a corresponding
variation in I from 125 in.h to 490 in.h. The aft frame area

" varied from 1.8 in.° to 6.2 in.2,_and the I from 18 in.lJr to

106 in.h. On the model, both are represented by the same frame with
an area of .27 in.2 and an inertia of .28 in. which, when scaled
up to prototype size and material, would represent a 5.7 in.2 ares
and a 430 in.h inertia. This is considered ﬁithin the proper

range for the forward frame.



"The prototype geometry of the interstage strut fittings is
retained but the model fittings are simplified. The interstage
strut attachment lugs are fabricated from plate to save maéhining
costs. This makes the model elements heavier than scaled down
prototype design. The SRM recovery system is represented by
lumped weight attached to the forward ring.

The aft skirt of the prototype which contains the hold-down
fittings and SRM-to-external-tank fittings, was designed as an
orthogonally stiffened conical frustrum with stringers every U4 degrees
and ring frames approximately every 24". The prototype material
~ was steel. Skin thicknesses varies from 0.3" to .075". This
structure is similated in the model by a conical .062" unstiffened
uniform aluminum skin. The prototype had 4 major tapered longerons
extending from the hold-down fittings to the SRM cylinder each with
a maximum area of 10 in.2 and an inertia of 389 in.h. These are
represented in the model by back~to-back channels which when scaled up
to prototype material and dimensions have an area of 8.6 in.2 and
an inertia of 280 in.h. Above the conicél section of the aft SRM
skirt, the prototype had a short cylindrical section containing
the fittings for the struts linking the SRM to the external tank
and éontaining the rihg which fastens to the aft portion of the
SRM propellant cylinder. On the prototype, this ring was a double
U shaped section about 10-i" deep by 4-3" wide with an area of
about 20 in.2 and an inertia -of about 290 in.u. A simpler single U
section is used in the model having an area equivalent to 13 in.2
and an inertia of 95 in. when scaled to prototype dimensions and
material. The short cylindrical section of the model forward of
the U ring has the same skin thickness (.062") as the conical
section, and is terminated in a ring for attaching to the model

SRM cylinder, This area, while not representative of the

10



prototype, is designed to have stiffness compatible with the

upper portion of the conical skirt.

Orbiter
' The prototype structural arrangement used as a basis for the

orbiter model is shown on Figure 7.

' The aft portion of the model fuselage has similar geometry
as thé prototype but is designed with only two full bulkheads,

one aft frame and two intermediate frames in place of the larger'
number on the prototype. The upper cutouts in the prototype
which provided ‘for the OMS and abort SRM's are not modeled,
instead full frames are used. The external lines of the model are
simplified and straightenedlcompared to the prototype to reduce
fabrication costs. The cross-sectional areas of the struts between
the lower engines and the aft interstage fitting are scaled
directly from the prototype as were the side longeron areas. A
simple fin structure Which extends up to the location of the fin
c.g. is also included in the model. The skin gages in the
bulkheads (.032" aft and .0LO" forward) are adequate for
fabricating, thick enough to avoid buckling, and heavy enough

to simulate some of the non-structural weight in the prototype.
The in-plane areas 6f the prototype bulkheads are not scaled
'for_the model in order to avoid structural complexities and because
it is not considered significent in establishing the primary
structural dynamic characteristics of the model. All side skins
of the model fuselage are .020" thick, which is adequate to

avoid buckling. The scaled down prototype dimension for the
fuselage side skins is .012" but this would require intermediate
rings and longerons in the model and increase the cost of the
fabrication. The deck of the model which distributes the upper
engine loads to the longerons is .0l6" thick and correctly scales

the prototype stiffness (area/length).



The prototype fuselage mid-section consisted of closely
spaced frames covered by corrugated outer skin carrying TPS tiles.
The model has similar but simplified geometry and structural
arrangement. The model consists of series of more widely spread
U shaped frames spaced every 10" covered by a .020" side skin
and .025" bottom skin. This skin thickness is enough to prevent
buckling under static load but it results in a larger area and
inertia than the scaled prototype values as shown in Figures 8
and 9. Payload support provisions are made at L4 different stations
to permit variations to be tested. The longerons of the model are
designed to furnish the proper scaled ares for the aft end of the
orbiter, It is kept at a constant area for the entire length of
the fuselage to limit fabrication costs. In order to simulate the
prototype weight, about 0.8 1bs/inch, including the structure,
would be required on the model. This is accomplished by increasing
the thickness of the frame webs wheré stiffness is not significantly
affected, |

The wing of the model consists of 6 beams covered top and
bottom by flat plates. Wing root connections are made by bolts in
shear through the webs of the beams and machine screws connecting
the top and bottom wing skins to the fuselage. This method of
attachment simulates the prototype. The prototype had a corrugated
double skin with an average thickness of .16" to 14". This
sfructure is simulated in the model by a ,020" sheet. Since the
wing depth of the model is properly scaled, the prototype inertia
at the wing root is properly represented on the model. A constant
skin thickness is used over the entire model wing to control costs
and this does give the proper order of magnitude for inertia since
the beam depth decreases toward the model wing tip. The proper
weight for the wing including the TPS panels is simulated on the
model by adding thickness to the webs of the spars. The model



wing does not have chordwise trusses or beams (typical of the
prototype) so that loads applied away from the outer periphery
~are not distrituted properly between spafs, but loads applied

! at the outer eégzs are properly transmitted by the top and bottom
covers. Thereicre, realistic modes>are anticipated if shakers
are kept at the periphery of the wing. The RCS wing tip pods

. of the prototype are simulated by lumped weights on the model.

The orbiter interstage fittings duplicate the prototype

geometry using simplified components.

- The orbi%er model payload bay door consists of a removable
7 segmented semi-cylindrical cover skin which can tske loads in
torsion but not in tension and compression, thereby simulating
the structural properties of the prototype door in & closed and
locked pceition., The minimum skin gage which could be used for
the door in order to prevent buckling is .016", which is quite

. thick compared to the scaled prototype value of .00325".

The forward fuselage in the model consists of a tapered
-non-circular stiffened shell extending through the cabin location.
The two side longerons of the fuselage mid-section are extended
throuzh this area in order to provide a forward orbiter model
hcist point. There are provisions for attaching weights simulating
the forward equipment. Additional stabilizing stiffehers are
added to the model to prevent buckling. Local stiffnesses are not
congidered significant for wvehicle structural dynamic

characteristics and are, therefore, not scaled.

Complete design drawings of the 1/8th scale dynamic model are
available &t the Dynamics Loads Branch, Loads Division, NASA/Langley
Research Center, An assembly drawing of the model showing the major

components and overall dimensions is presented in Figure 10.
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SUSPENSION SYSTEM FOR MODEL



Suspension System For Model

The objectives of this system are to provide support which does
not interfere with measurements of the unrestrained structural dynamic
chﬁracterstics, such as mode shapes modal frequenicies :@and damping
during:tests, while keeping the support induced buckling and handling
loads to a minimum. The system should also permit the ready disassembly
and changes in the model elements required by the test program. The
system must be compatible with the current support structure (Backstop)
in the NASA Langley Dynamics Research Lsboratory, and should be relatively
inexpensive to implement.

Suspension Concepnts

V&riéus support concepts were considered for use on the mogel,

These included the systems analyzed by R. W. Herr and H. D. Carden in

USAF RTD-TDR-63-4197 (Sept. 1963). Vertical suspension of the launch
| configuration is necessary to obtain the proper hydroelastic interactions
in the 102 tank., Successful use of air springs for large vehicles at
'Grumman prompted the adoption of 0.5 hz units. remaining from the IM
program to provide vertical isolation. Horizontal isolation is compli-
cated Dbecause unlike previous axisymmetric models, the Shuttle center
of gravity shifts laterally with reduction in fuel so that the attitude
changes for most vractical vertical suspensions. Base support springs
as used on the full scale Séturn V Dynamic Test Vehicle were considered
too expensive and a cable system was therefore adopted. A single
cable was impractical because no adequately strong suspension point was
available. hierefore the system described below was adopted and
designed.

' Recommended Suspension Scheme’

A modified two cable suspension system shown schematically in
Figure 1l was selected. The modification consists of a bridle positioned
between each suspension ceble and the model. The bridle is routed

1L



thru a sheave ©1 the suspension cable and each end is attached to an
SRM interstage fitting on the same side of the HO tank. This arrange-
ment offers the advantage of supporting the model at the same four '
points at which the SEM thrust is introduced on the full size vehicle )
minimizing the effect of the suspension loads on the model and permit=--
ing the model to essume its eqilibrium attitude at any level of pro-
pellant loading.

. Within the restraints shown on Dwg AD 383-500, the primary sus-
pension system may be routed in any number of ways thru s system of
sheaves mounted on the upper backstop structure. One such routing is
presénted on Figure 11,

Provision for changing the SEM propellant level between tests
was an important consideration in the design of the overall system.
Discussion with FASA concluded that changing propeJ_'La.nt cylinders,

(relatively long and heavy masses,)on both SRM's with the model sus-
pended was not desirable, and, that the approach should be to first
lower the model a.nd.to surport it vertically on the floor prior to
replacing the cylinders. Since the suspended model can be in any of

' three possible attitudes this requires that it be oriented vertically
prior to lowering. Also shown in Figure 11 is a proposed
routing of the model leveling ° cable system. It should be noted that
this routing is proposed to run parallel to that of the suspension
system in order to maintain the attitude attained by use of the
leveling system while the model is being raised or lowered.

Both cable systems are interconnected by a hydraulic ram and
sheave arrangement, also shown in Figure 11 . The hydraulic ram is
proposed, permitting remote operation and selection of rate , however,
any mechanical device of adequate capacity, such as a chain hoist,
could be used instead . The ram changes the model orientation by
varying the distance between the two sheaves, one being held fixed by
the cable to the actuator on the floor.by 'a winch or ram or any other
satisfactory device, the other connected to the orbiter and free to
move. During tests the leveling ram is fully extended permitting the
model to assvme its equalibrium attitude. The slack “leveling cables
may be left attached to the orbiter or disconnected. The model may be

15



raised or lowered in any attitude by means of the floor mounted actuator.

Drawing AD 383-50(»1 showing the extreme positiorns anticipated
for the range of weights to be tested with and without SRM is shown
" on Figure 12. Also shown is the clearance. anticipated. The orbiter
alone could be readily suspended from the forward attachment point,
and an aft handling point at the top of the fin is available for

support during any required movement.

Estimated Suspension System Frequencies

The fundamental model free resonant frequency is expected to be

" about 8 hz. Therefore suspension frequencies below .8 hz would be
desirable for the support system. The DM‘airsprings will furnish

a .5 hz vertical suspension which should be adequate. ILaterally the
combination of rabking and pendulum motion- is anticipated. To
estimate the lateral frequencies, the model was analyzed in two planes
separately assuming the vertical airspring was not effective.

In the plane where the vertically suspended model is viewed from.
directly in line with left wing, the right hand bridle attachments
are directly behiznd those on the left hand side and the system acts
like a simple physical pendulum with the center of gravity below the
point of support. as described on page 250 of "Advanced Dynamics"
by Timoshenko ard Young. The two resonant frequencies were calculated
for 5 weight conditions from full-up (9432 1lbs.) fo Just prior to
decoupling the external tank (675 lbs). The resonant frequencies for
the lightest condition were 0.61 hz and 0.18 hz, while those for the
heaviest were 0.37 hz and 0.19 hz.

In the plans at right angles to this, where the suspended vehicle
is viewed from Jdirectly in line with the orbiter fin no adequate
expression for tas resonant frequencies was found. An approximate
expression was ceveloped using Lagrange's equations and assuming small
motions and equivalence of small angles as shown in Apprendix B. The.
resonant frequency in this plane varied from .20 to .26 hz for the range
of weights from full (9432 lbs.) to almost empty (6751lbs). A more
detailed analysis would include the effects of thé vertical flexibility



however the resonant Irequencles for the ldeallzed cases are considered
sufficiently low to provide confidence that the isolation furnished by the

suspension should be adsguate.

Handling Procedures

The procedure recommended for the initial assembly of the model is listed
on Figure 10. The weights and angles anticipated for various loading conditions
are shown schematically ian the Stress Report on page 22 "Flow Chart For Model
Bandling".

i7
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STRESS ANALYSIS
The Stress Analysis includes the following::

1. A discussion of ground rules concerning the handling of the model.
Presentation of the loads associated with these groundArules

3.‘ Documentation of model geometry at internal interfaces, and the determlnation
of model loads for which the model structure was checked

4, Analysis of a typical SRM drag strut.

The detailed analysis of the basic intérnal model is not presented herein. In

designing a 1/8 scale model, true scaling results in margins of safety up to 8

times those on the prototype for the same accelerations. For this model, for.

cost control and design simpiicity, many criticgl structural areas show even

greater margins of salety. Each drawing was reviewed to assure ‘adequate

' factors of safety and stability for all defined load conditions. It is not

considered necessary {o include all detalled calculatlons in this document.

Discussions of Ground Rules , o

Handling conditions are presented on Page 20,

All raising and lowering of the model shall be accomplished with the O2
(water) tank of the external tank drained and empty; and with the model in a
vertical orientation with the orbiter supported vertically from the nose
fittings provided at Orbiter X Station 46. These stipulationé are necessary

to (1) prevent buckling of the intertank skirt between the pickup fittings and .
the 0, tank Y ring and {2) to prevent compression bucking in the lower skin

of the orbiter.

Loads Induced by Handling
The load factors acting on the dynamic model are tabulated on Page 20.

These include mode survey as well as model ground handling conditions.

Flight configurations are designated by symbols "A" thru "G" as given on
Page 21. Condition "A" is representative of the prelaunch configuration.
Flight conditions progress until the last flight configuration condition "G" is
achieved. The appropriate model weight for each'flight condition is also
listed on Page 21.

A "Flow Chart for Model Handling" is presented on Page 22. The chart lists

tion "A"” may proceed to configuration "F" by means of 30 steps. Fach step is
designated by the step number encircled and an adjacent arrow. All 1 g support
loads and the inertia lhads on the model components for each step are given on

Page 26. These support loads occur either at the base of the SRM or at interface

the configuration sequences that the model sees in the test program. Configuras. ;

-
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"points 1 & 4. The interface points are located on Page 24. Ultimate loads for
design for these locations are shown on Page 26.
Orbiter Loads '

The orbiter weight distribution & inertias are presented on Page 27 & 29,
The loads induced on the orbiter during handling are presented on Page 28. Loads-

induced at the interface locations due to & unit load applied at both the center
of gravity'& the forwerd nose hoist location are shown. The shear axial load &
bending moments for a 1 g axial and lateral applied force mre then determined as
shown on Pages 30 to 33. These form the basis to check the strength of the
orbiter fuselage.
Orbiter to external tank interface loads are obtained by epplying unit loads .
at the interface locations and calculating the strut member loads & the tank
- support point reaction rorces as shownAon Pagé 34, The loads at these interface
locetions due to critical hendling conditions on the orbiter are obtained by
.multiplying the appropriate values on Page 26 by the unit factors on Page 28 &
are listed on Page 35. These are then converted to the member & fitting ibads inj
the lower table on Page 35.
SRM Loads
A similer procédure is followed in determining the SRM incduced loads on the
external tank interfaces. The geometry & distribution of forces to the inter-
faces is shown on Page 36. The loads at the tank reaction points & in the truss
members for a unit axial (1 1b.) load applied at the point designated 5' is shown
on Page 37. A similar distribution for lateral (Y & Z) loads applied at the SEM -
center‘& for lateral loads and moments applied at the center of the external (H0)-
tank are shown on Page 38 for the forward interface & Page 39 for the aft inter-
face. The reaction forces have been translated into axial, radial, & tangential
forces & strut loads & summarized on Page ho; The critical handling conditiohs
from Page 26 are then multiplied by these factors to give the ultimate loads as
listed on Page 41. The primarily axial handling loads are combined with the
lateral handling loada to give the design values listed on Page 41. A similar
calculation for the lcads in the SRM at these Interfaces gives the values
~ shown on Page k2.
Analysis of a Typical SRM Drag Strut
A typical analysis is shown on Page 43. The loads applied are determined

on Page L41. Two cross sectional areas are checked and the margin of safety
is .27. '
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1
/6 SCALE DYNAMIC MoDEL

i

2. Discussion  OF LoAp Facroes
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/8 SCALE DYNAMIC MopaL

3. NMovyeL
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§
/a JCALE DYNMAMIC MIDEL
INTERFRCE D ’("T_'val/oeaﬂctt) GeomeTRy  (ScHeEmatic) AFT INTERSTAGE

~ B T N

R SILE Yy e R Bore
I ’ e ITER. ,’—A
Ky~ '
Zp "
. f X, * 245.7S
" o
2,
B.
— 2,
L R |
L \/A. . L~ YA
- A ° FOBLES APPLIED o EXT TANEL
e N R R e T ‘
, 2 Yo = 18] Myrlwg X;- 1 8
| |
| “ 24 0. | +.0%c4d -
LoviimgG AFT ; ? Ya o =.0062 -
}
@ E{ Zp |+ .885w| ~.0//04 +.176 P
'-g Yo |+ .5 8|+ .00cb—.09918
dl | 48 o +.0378  —
Inverrace 3 - CD |-lolge]| —.01164+ .20 L&

/Ar( H\!’lfgS"AG() (—.e’c:m&‘rm(ﬁxrﬂhun\

FORCES APPLIED TD Ho TANL

e Xa For X, = /. .8

"’/ L
Ze — : —
’ . S.84" CE= -1060 g
X -~ 7 ) T -
<<f - Bo - \ki D = + .352 L8
P R Y
. . [ -
Xio =229.5¢ " X, - 24575 ATE [)(5 = /ooo L8
Ho ‘Zg a2 - .,352. o

/INTERFACE 2 ' .
- []
[Fup. 'INTER STAEE) GEomeTRY (X, = !4875C) LSocié AFT

ForcES APPLIED T EXT 1AMIK

L 28
J. 1 Yl g ‘21 = [ \/7, = l‘;e
" [}
2’4 YA § -ZA ,5 b -0585'.6
T Tk 1, 3l Ya - 1000 18
f-3,524 o 2 S LB|+ .485 18
| B _
3
]
By T (¢
GAC 2284 R 2 . m.pors NAS 1~ 10635 — 1 , JTLESS LEPorRT
B8--70 125\ DATE 3 oc L l97L
GRUMMAN .: €, . -, & “pdl (GReIos?
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/8 SCALE DYNAMIC MODEL

w17 ORBITER -

HO TANK

INTERSTAGE

TRUSS MEMBER

LOADS AT INTERFACE DUE TO ExT TAMK LOAD conDITIOMS

[AlL Loads v WBs Momewts 1N n-Lis,
/

|Muo¢_m6 h?PLliD‘LOAD_ﬁ From P. 26 LATERAL APPLIED LOADS
( <
Bo Bxo, 4 = 0-1'4%" Zo=1 491
nzéq| Yo - - - r 142 -
POl Zal+ 2260 | - 20 |+ 222 — |t 142
Xy |-19¢2 |+ 1080 |- 13z - -
In7sq Ys - L _ + 349 -
Face .
3 | &) 226 |+ 20|+ 93 - t 349
M) - h - : s892. -

(1) oLTIMATE Latear Lomd =(0.5)(.SNGE4 L8s. )= 49/ Las

LoADS

UL.T'MvnA‘f'E LOADS(l)l'\I SUPPOET TRUSSES AND AT TPMR SUPPORT PoiNTS
DETERMINED FRom TARLE AndvE AWD UMIT LOAD D)STRIBJTION OM P34

LocATION ;DF HANMDLING Lo;w“c:?omcus LATERAL wumﬁws DESIGN uLrmaTE ¥
ResULTING FoRtes B BxOy 1 3 Yort49 | 2034 | mAx + | max —
Inuraa| Y4 - - ~ 1+ 14| - |+ | —i142
Face | Ba |+ 03 |- g0+ o |3 98T 7 + 211 - 108
2 2yl 103 | - 10 TTR P 7- 2 - TR PO T - 108
AB") -~ 13 + 1o | + 47 157 218 | 1715 + 265 - 33

€?» |- 39L {+ 18| - 229 {+ 1280 - + 498 - 676
Inree) CE 1+ 2080 |- 1145 1+ 1200 - - + 2080 | = 1145
Face| Ya ] + 13 |- 24 - 81t 37 |+ 30 |+ s¢ - 45
3 Za t= n3 b« o l+ 4T |F 214 {T 175 |- 327 |+ 26¢
Yo |+ 194 |~ to7{+ 1z |t 2n - + 405 | = 38

2y |- 345 i+ 90|~ 199 |* 373 - |- e | +563
Xe |- 1962 |+ 1080~ 3L - - £ (080 {— 192

Ze 691 |- 380| + 399 ~ - - 380 B 69/

¥ COMBINATION OF HIGHEST HAMDLING AND LATERAL ComDdITON

(1) FoR TRUSSE s (4 ) PEVOTES TEVUSION (— ) DEROTES LOMPRESSIoN

() AL Losos

N B3,

GaAC .

SRHA L6 g

[ T AT

.PORT

GATE

GRUMMAN .00 L- 5,

CODF 26312

NAS 1~
D OctoBER.

B RSB T

oe3s - 1,
1M

STRESS E€PorT
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'/3 SCALE DYNAAIIC MODE L

IRM  LoaDNG AND REACTIoNS AT HO TANK

COORDINATES OF 0

/N?ERJ?'AGE 5 (w TAUR COCRADIVATES )

N /NTERFACE 5
Z-« 18817 - ’ul;—-filj - 3.57411 \ -
. 19624 + 15879 oy .753" »
" ‘ ! Xt
Y ®z

Xg' - /)3,433” ' , :’;?'—‘-—\/(
)(b - 27["

ALL Lorps IN LBS  MoMenTs IN inugs.

f

x
)25 VLIT APPLIED L. OAPS TD SEM
'j Xz | -
2 vazl‘;' Y.fzm/ Pean?/ M7= ! i l‘k
[S) XS/ ‘ / _ _ _ ey m
w :
g Ys l+.081] .5 - - |is7.s¥ 1 Y¢em
e : .
‘ 2 2s (-0l | - 5 | =004 Xsbm
Tg— , Y. - .08 ] - - !
3 2, |+06] = 1.5 |+t

— InTerFACE (o

GAGC 37bA PLY . . mlesRT /VAS - 10438 - ||, STRESS Reprpowr
B--70 128 ]
wate 3 OeroBeER M7l
GRUMMAN 3., . . & (FRTEIENE

COD!: 26%12
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Vo SCALE DYMAMIC MODEL

_/N.-rErJKACE 5 et TAN  AtTacHmeNT  (DRAG T’Lu_ss)

[N
2 w [
T A 14.¢28
’1-“7 ° _)' U- i\ A y b_ — M“” ) .
'\ o » l‘\
! " : ! 1L45W \ :
’i&",\' 1-;"71301 L~ SM Q— B
| l7eRFace § A : b C30
4z \F"05IUT N\ poT S
X . "___— ‘_./
{ /ExT Tank ¢ 3,574 i\ ,
' I 2 ,'/
0 118587 t ¢
-399¢8"
o]
M wm »
1.628 - 2824
OISTAMCES N Jwedes Fof STRUTS Shown ABOVE
Xgra (SEM) PTS aX lav ez A e Y (2o
72,5 JA,C,L AU O |8&esz|i4 | €825 — | 980 | .197
28.5 DE UD 1625|6849 [ ~,473 |14 | 921 |-388 | —.021
A O | 2531742 | 8827} - 98 | .197
LE 125 | 631 | 3090|7644 | .92t | 348 | 175

[Foecee | Xu=5 [ rokce@ | Xo+-5
EXT |4y | - .055 : EXT. |2 | +.055
TAE Y, | ~ .01 : THhUK Yy | +.04
reoss |AU] zo4 L euss | L] 204
‘ UbD| —.543 : | LE] —. 543
2 |- C4o 1& |- .040

com Ya [+ .200 sem Y. |+ .200
& |- .04 Zei+ 095

Yo |- .21 ] Ye|- 189

¥» |+ .Soo Xel+ .Soo

(ALl Forwes N L )

8 -7 12%m

GAC 12088 Ry 7 ) a rorr ANAS 1- 10635 - 11, STLESS REPORT
_ ey 3 ocroBew 1272
GRUMMAN .2 -&2o ¢ o -oed v S SiRIATRTSTS

CODk 2651 ¢




TAGE ﬁ

[}
/8 SCALE QDYNAMIC MoDpE L
INTERFACE S — Ho T7TAnK ATTACHMENT GEOMNETEY (w PLAN & YZ.)
' jj VIEw Lookmlg AFT
Y, 124 e
2 A _ T o
. T A 14628
/12.887" = . |
Ho u Ya 24.531" ;
F , _
i = .| &
l | ;
[ 15.879" k . Yg N o . ¢.s38*
2097 . |SRM G ; ' .
B ~_+%4 7
Z B [ /
Ho YB <—w—-—— ZioZi1" / ' ’
o -\ Muo -— ‘ foay
YHO' \\ : ;
\, ———— -3.998*
: . -5.74"
£: 20450"
\‘\
\‘\
Q \ 3
) 9.623"
FORCES PVE Tp LOADs & MOMENTS AppLieD TO
BRM w0 Exy Tawk (HO) -
ovce 5 Ye - -1 d . YR
» AT s “lisj (g = 18 Zyo= | Yro = 1 Mho=l inig,
Zu | -.13 -12% ~.204 | +.060 | —.0/04
HlYu ¢ 561 |+ 613 | +103 | =29 |+.050
2, |s 003 |+ 23 | - 9 | - 060 | +.0108
Yo | =561 |+ 387 | — Loj3 | - .704 | -.05/6
- AU | =.§7% | —.625 i -1033 | 302 |-.0526
RI BO | *//08 +.223 | - 1/108 | =-.113 o]
u
S LOC | +.507 | = .368 |+ o9& '+ .731 +.0526
at & ] i
S V-Cnal 096 i 177 .lo2 0L | 0
2o |+ N3 14023 |+.204 ~.060 |+.0104
s LY | =56l i -.613 j-loi3 R 0 1 117
R | 28 |- li07 ~.223 1107 | 4+.223 o)
B AL 1
M| g |+:045 | +.009 |- .05 | -.009 | ©
Ze | —006 | +.00 | =311 | -.43 | -.0i08
Ye |+ 516 -.396 |+ /.oSBJ’+.7/.3 +.0516
GAC 3284 REY 2 R .PDORS /\/AS § - 10638 - 11 ,SﬂESS l(?bht'r
8-70 123m oate D ocToBeR (971
GRUMMAN 55 = - L3 0 ofSETRLETTIeTE

COD: 26512
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/s

SCALE DOYNAAr/c

MOpaL
I/INTERFACK © - HO TANK ATTACHMENT  GEOMETRY
4
- T?-u SAZI. - —14.66"
: Af20" - o
”IO% “ \_7” 24.690" 36 4M"
16.052"". h2,
' M . .
per g fom
A v ' .
. 8 B
'2",\ -—— - *340{‘. ,”"Jlﬂ\ A_TQ
e Mg, T '
\; Yﬂo
Ye C
_ LTl -399L"
» /
-3708 L =y, 2,
M i
e a-
; No 1T G .. l
198" 28-439"
FO:E::_.& —_2‘ = | Y6 ;~’——*[ '?Ha‘l \/Hacl I’V]lvlo’ { R
2\ -~ 11 ~ 123 -206 | +.059 |~ .0l04
HlY. |+:552 ! *.¢u 1022 | —.194 | +.6514
° Zc + 1.11) + 123 -.794 | - 059 | + .0lo4
Yo -.SS52 | + .389 | —/o2z | —.706 | -~ .05l
AU | - .S3 | —.623 |-1042 |+ .300 |- .052%
TeusS BL [+/024 |+ .20( |~ 1024 ~. 206 o -
(4 Tensian) Cl |+ 463 _4,7 + 1.143 + .714) ., 0526
Za o+ +.123 {4 .206; —.059 4»0104.]
ol Ve [ -ussz{~ 61 i-r022 | 4 294 |~ oSie
2i 24 |-1020 |- 205 :4 /019 |4 105 0
m i Vo + 098 4 070 - 098 - 020 o
' 4. - .09/ + 0NZ. - 2L5 - 14¢ - 0104
Yo |+ 4s4 | - 409 {+/.120 4 .72 | + 0SiL
1
FoRCES TABULATED ARE APPLIED T HO, JEM
Gac 320A REN 2 repyrn NAS 1= 10635 — 1l , STRESS REPorT
870 129w cAate 3 OCW'E(L. lq,)z—

GRUMMAN 5 =

[ 14 2 (& (2] ig e

. CODE 26912




PAGE )40

78 SCalLlE DyYNAMI/IC Mooel

QUMM AK | UF INTERFACE INFLUEKNGE Cof FRINicas TS .
o T T ST g- .QAD“\L"fooTWAnD
AT iNteeiace I - Xy 13488 Xsun,, - 85 T= TanGenTIA LY Uotrk wi
PR X 1 Vet Yoot | Zgewot My =
Ll s 0 0 0
g Rul-.063 | —.277 |- .253 |+ 003
T.\+.¢630 | -.7145 |- ./33 |+ 002
E Xo 1V .5 0 o) o
1KIR [~ .063 —-.203 |+ .1/3 - ,00/
Tol- .031 | -.005 |—.6/3 |+ .008
Au| —.246 | -.313 |'—.286 |+ 004
3 uwp | + .543 - - ' -
R o, | —.242 | —.184 {4 254 | - .00
-L,)— boc | - .‘+ 089 | +.048 | - 00t
SiBol O |+ .1/2 | +.554¢ |- .007
2 PR < I U S N
Ba| -—.099 | —.12¢ -.I15 |+ ooe.
Tat +.225 + +.186 4.162.} - 003
Rel+ O 4 .048 ' 4+ .240| - co03
s{le|- © - lol ~.499 | + .00 ¢
k|- 098 | =09/ | 4 058 | - .00, | Xomsen * ‘/%_{
T.| —.125 | - 183 {4 .251 | =.007% AT _inTeeeace 6 - Xsra,c 271
%] - s 2 N R L
eyl + .13 HiKel +.037 | =277 | -.245 | —.003
TD: - a2z 2T .09 -144 | -.130 | - oc2
el - .9 SR 037 | -.zoa | 4.1y |+ .00
K; + 1773 “lrl - .09 -.008 | - g0 | - 008
Tel+ 22 S|Au|+ o4 |- .32 | -282 | -.004
* Lo:»os AT K stamonsesr 21 ; (},L ~.000 4,107 +.512 | + o007
},._3..,_CL + .04} - 209 +.132 +.0073
:- By | + 0iC -7y -.llo |} -.cofl
s Ta| ~ '038 4 .281 4+ . 20 | +.0073
R | Kg 0 4 .040 + .199 +.003
m T+ .0 -.o‘is. - 47| - co06
Ke +:006 | - 081 +.067 | + 00
T | +.0% | —.209 +.213 1 +.003

GAC aznA 8F . 3 ripont NAS - 1 -1063% -1 | STRESS REParT
& .70 123m 05E 3
OTDR eR- 1972
GRUMMAN 7% =0 .« =0% sy

COOt 269+
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{
/ts SCaALE Dramnirc MopEL

)
vLrimn L e SEAl  SUrPoKT i kugy AlEmMBER Loads

N

(40 tonvy s tis) .

. - £
M Fup (IntEcracE ) -
/75 (2750) = 2060™
- SEM
-~ _ ,
d ™~ \s /
\\ \\\ _
e — C
Ho N ‘//
L (@] ’ ¢ o
|PAooLING  APPLIED LoAOS ragm ¢l 24 40 40| LATERAL APPLED LoaOs| DES 16N ULTIMATE
ey 2B 28 CATEEAL
: A Do 1Bx0eL | B | Yseblteold,, T2oo| MAx+ | Max - |
AUl —86G | — 399 1# /5/9 |+ 1127 | ¥ ¢S|F& 590 |+ 2109 |-1459
ubDij+ 9Ly |+ 1074 |- 3360 |- 2034 - - + 192/ .,3340

LoCgu |- BSG | = 555 [ #1497 i+ /24 |7 380 |7 523 |42020|-1379
' T /830 99 |+ 19¢| - 197

Bo p - 170 |- 2|+ 147 (2 230 | 1143 |4 1270 1 -3/
LE 1921 L+ /074 | ~3360 |~ 2654 - - 4 /921 |~3360

LoC - - 4 - + i3

¥ COMBINATION oF RA)AHEST HANOLING AND LHTTRAL conDiTion)

AFT (nTenrFpce &) 4
L '/7 S m
.t ‘g
- £ e
. ~ .=
\ :
Ho “\ -
L
{
HAwDLIVY APPLIED LOADS(p 20 ‘f4_°)_ LATERAL APPLIES L DESIEN ur‘um;\‘r?
A -Bo —BYOI.—L ~B \/S{M tzobe Z;fm'izau m4x+ Noy —
AW |+ 14¢ ] - S5 - 28(|- 280 |¥ ¢c42|¥ 581 |1 Bo& |- &9¢
BL | - i 4+ I15¢ | + 21+ 13812 212 T jos6 1 /212 |- 900
CL |+ 14¢ }+ 151 |- 255|— 142 |¥ 430 |2 497 | + €48 | - 152
GAC 2ZbA bEY 2 ’ r roer MAS- | - /0635~ 11 STRESS E€PonT
8.-70 td4m 5
o Ve 3 octoper 1972
GRLIMMAN . LB Sl nEEST el

CODt 76%1)



PAGE 42

)
/5 SCALE DYNAMIC MODEL

ULTrmini g

3 RM

RiNG

LOADMGS

(ALL Loabs 10 LS, +X 15 Fwp ) ¥R 13 Rasmi ouTwARD, +T 13
TAVGRUTIAL Clockwisk )

HAMDLING LoADS LATERAL LoAos

# STA 22.5 DESIEN UCTMATE
A B. Bxo:L B Ysem: 1200|2gp 0’2060 | MAx + | May —

XoX | = 1769 | —989 | 4 3094 | 42472 - — |+ 3094 |-179
Ey + iz | +34L | - 1074 | - 9SS - - + 612 |- o074
Tp - 430 | - 244 + ISz | 4 ¢ol - - - 430 |+ 1SL
Xe | ~ /69 | - 989 | 4 3094 |+ 2472 - ~ |+ 309& |~ 19
Re +'é/o i 341 - 106 | — BSZ - - + 4(o - /ac’é
Te | + 431 | + 244 [ = 153 | - boL = - + 43 - 753

* Loans (", RAOIAL, TAVAHELTIAL APRLY TD LotATicd) D oM PAhLE 31)

) : T

AT 3574 38.5 PDES 16N UCTIMATE
A Bo Bxo, L B Viem* T 1000] 2 0m T206d Max+ | Max —

[ - 380l —léo |+ 6314 459 | Y 2bo | T 237! 4+ B73| ~- b0
Ta + 794 |+ 375 |- 1389 [~ /040 4 590 |Y S40 (- 1979 | + 1344
K o 1= o 0 |+ e [T 100 [T 4% |4 56| - s
o _ + 98534 2 |- m |3 212 |Z e300 83T - 1162t
Re | — 348|- 21|+ 609 |+ Soz |§ 18812 120+ 197{ -~ S3¢
Te |- 794 | - s21 |4 (389 |4 1177 |7 377 |t 519 |+ /908 | - 1313
AT S7A. /196.0 e PESI6N VILTIMmATE
A Bo Bx0, 1~ B Yoem 1 2060[ 2¢ it206d MAXK 4| Max~

'— -
Ri |+ s7)] -  2]- 100 |- 1097 2605 237| + 317 | - %69
“Ta |~ 135 |+ 414+ 236 |+ 298 1% %90 1%t s40)- 7125 | + gug
. -
Rs o + 6o 0 4 53|t oo |t 494+ ss’l - 49e
1z |- ] To144 | - 2 - 128 [+ 212 |¥ 10304 10317 - 1274 *
e |+ S¢l+ 6o |- 98 )- 61 |¥ 188 |t /20 |+ 248 |- 186¢
-— - -
7 |« 134 |+ 140 (- 235 |- (30 |7 7|7 sa [+ es9 |- 7547
¥ MAYXIMUM LOADS BUT NOT TO BE (OMSIDERED SIMULTAMEOUSLY FOR LOMPINING
- RADIAL DD TRWGENTIAL VALUES:
(1) ComemaTion oF HIGHEST LATCRAL b HANHLIDE ConDITToN
GAC 32@A REV 2 rerort NAS - {~ 1038 -1, SIRESS LoarT
12~71 125M DATE 3 ocrn'gn 1917__
SRALMMAN AEROSHRCE CORPORATIEN

CODE 26512
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)
/8 SCALE DYNAMIC MOODLEL

ANALYS 5 oF  TyeicAL  sem  owag  steur (Rer AD3E3I-52(-1315)

(AU toars (¥, ueT)

3093 LoADS
1054 [REF f4-/_]
b : )
T
33co I - —,-,4_; % '
2
Jozaf \\.‘JY:
MAT (. 2014 T35SI

Fv’u : 627,000 /u.

AT [a -a]) (o crom “u’)

. My, = 653 b Mgy - (915 mle - Bie 523 16

¥ 6(és
8 +_ ' .._._._.,...7 f(' = \-————3—) +- ._‘.-—(.-121-5——)- + ‘gl-s"' = 750
4 (a379)* (875) (4)> . (aK¥)

l'*—s;s - , = (400 + 20600 + T50 » 17750 psi’

62000 -
= —— ’ - /'2
Ms 27,752 ——.4

a1 [6- 6] (11" From U)

_*_' § I Myy = 3360 (11] © 3708 ik F, - 3360 1.

{43 .
3700(6 .
yo—tbt = —y fo o 3ee(e) L 3%0 | /9950 + 300 = 23350 pre
{ @13)*(.€5) 113(£75)
_y
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TABLE I

WEIGHT STATEMENT PAGE 1 OF 1
CONFIGURATION 619
|
CODE SYSTEM " STACK ELEMENT
S ) .. ORB. |  SRM . TANK | = _
1 | WING GROUP 18017
2 | TAIL GROUP - 3186 !
3 ! BODY GROUP . 38146 | 290312 50199
in INDUCED ENVIR. PROTECTION ; 29145 ' 5999
5 LANDING, RECOVERY, DOCKING ' 9613 5860 : ;
6. PROPULSION-ASCENT 21816 27900 2350 X
7 PROPULSION-CRUISE 217 i
8 PROPULSION-AUXILIARY 5738 i g
9 PRIME POWER 367k i
10 ELECT CONVER. & DISTR. 2975 i
11 HYDRA CONVER. & DISTR. 1546 %
12  SURFACE CONTROLS . 1538 \ '
13 | AVIONICS ' 6615 1720 . b69 | !
1k ENVIRONMENTAL CONTROL L4218 | !
15 PERSONNEL PROVISIONS 1068 i
16 RANGE SAFETY & ABORT 500
|17 BALLAST . , z
i 18 GROWTH/UNCERTAINTY 13068 14340 1300 ;
; NOSE CONE 1134 |
: SEPARATION & DEORBIT 100 1200 4854
! : .
j SUBTOTAL (DRY WEIGHT) 160880 | 3L1832 ! 66305
: 20 PERSONNEL 1420 i :
121 CARGO (LANDED) 40000 i
: 22 | ORDNANCE (IGNITER) \ 1028 | '
i 23 RESIDUAL FLUIDS 1803 i 8186
| 25 RESERVE FLUIDS (LANDED) 897 i 7333 !
! [ S, : R
; { SUBTOTAL (LANDED WEIGHT) 205000 | 342860 N. A. .
! i : 5
21 - /\ carco uP 25000 ‘
2 FINS/SKIRT (STAGED) 10396
5 RECOVERY SYS. (EXPENDED) 21220
22 IGNITER (EXPENDED) 900
25 RESERVE FLUIDS ‘
26 IN FLIGHT LOSSES 6432
27 PROPELLANT-ASCENT 2k52932 1560052
28 PROPELLANT-CRUISE ; ;
29 PROPELLANT-MANEUV. /ACS 27396 i ;
SEP. SYS./NOSE CONE 5600 , :
INSULATION/LINER 21200 | {
b
ELEMENT GROSS WETGHT 263828 | 28LuT712 | 1652272 i
| ABORT SRM 68500 ] ,
GLOW . . ! 4829312 |- —

Ly



DRAWING NUMBER

TABLE II

DRAWTINGS OF 1/8 GCALE _MODET

AD383-500
-501
-502
-503
-50k
-505
-506
-507
-508
-510
-511
-512
-51L
-515
-516
~517
~518
-520
-521
-522
-525

-526

=527
-528
-529
=530

=531
-532
=533

DESCRIPTION

Model Assembly Suspended (3 Sheets)

Shuttle Model Assembly

External Tank Assembly

SRM Assembly

Orbiter Assembly

LO, Tank Assembly (2 sheets)

Intertank Skirt Assembly

LHy Tank Assembly (2 sheets)

Aft Skirt Assembly

SRM Forward Skirt Assembly

SRM Propellant Cylinder Assembly

SRM Aft Skirt Assembly

LHy, Tank Fitting Installation

Rings for External Tank

Intertank Skirt Frame Assembly

LHp Tank Frame Assembly

External Tank Aft Skirt Frame Assembly

SRM Rings

SRM-to-External Tank Thrust Fittings

External Tank-to-Orbiter Thrust Fitting

Orviter Forward Section Assembly & Installa-

tion A

Orbiter Payload Bay Coyer Assembly & Installsa

tion

Orbitér Payload Module Installation

Orbiter Aft Section Assembly

Orbiter Wing Installation

Orbiter Fuselage Side & Bottom Skin Panel
Assembly and Installation

Orbiter Keel Assembly and Installation

Orbiter Wing Beam Carry-Through Assembly

Orbiter Aft Interstage Fitting Assembly '

k5



. TABLE II (continued)

DRAWING NUMBER DESCRIPTION
-53h Orbiter Engine Support Bulkhead Assembly . -
(2 sheets)
-535 Orbiter Fin Stub Installation ‘
4536 Orbiter Fuselage Forward Frame Assembly
" =537 ) Orbiter Abort SRM Installation
-538 Model Cosmetic Lines (2 sheets)
-539 Orbiter Engine Bulkhead (Station 180.009)
' Fittings
Note:

1. Two (or more) copies of each of the above drawings have been

submitted separately to NASA/Langley for review.

2. These drawings are available from the Dy mmic Loads Branch,

Loads Division, NASA/Langley Research Center, Hampton, Virgina 2336°¢
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SECTION L-L
GO, VENT SECT A-A
LINE
GN, VENT RELIEF AN
PURGE VALVE
OUTLET VENT VALVE I A
@ SECTION B-B \pon
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ELEC
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\ LO, TANK e TR LT, T | CORK | o~ SEPARATIONPLANE
DETAIL'G N BAFFLE (4) I ' l 1l SOF! . -
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. R - AFTSTAGING
FWD. STAGING SRM'S (5 PIN RETAINER BAND ';{qssalEIéATmN |/ N RIOCKET MOTOR PACKAGE
- S\ SPHERICAL WASHER FILLeoamRTieAl s PAD SUPPORT
A ' (CAGE STEEL D6AG I /PIN ., .., o oo o1 .#” & HOLD-DOWN FITTING
vy . SEPARATION BOLT \= /j‘ G eap
DROGUE |~ L EXPLOSIVE INSERT 15;I‘D|A . . Y :
CARTRIDGE ‘ = . ) 0
STOWAGE \ 2 [(NOM) 2 (L 25 | dpeilents A i 2
i e .
¢ DROGUE _ o v 157.63 DIA| = ! /ﬁ_/r L]
PILOT MonTA'm L cc ) 7 FWD. THRUST MOUNT MAX) d ' / ’
. %/ INTERFACE PLANE LUBRICATED FORWARD THRUST | N\ %, i T B
COMMAND CONTROL SPLICE PIN SURFACE DETAIL LINER (.065 NOMIS —3.0-N, ¢ le—— @ AFT MOUNT FRAME f_ s
ANTENNA (TYP) (2} RETAINER BAN SEPARATION BOLT PBAN PROPELLANT
(SEE SECT. A-A FOR LOC. CouLL-away L 40— CHROMATE '
RECOVERY secnon . R TTY AFT 1T, PORY
CHUTE RELEASE 5 (ROTATED 207)
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XPLOS. BOLT & RETAINER STRAP) . i
MAIN CHUTE FITTING N4 S -
(3) (SEE SECT A-A FOR, : 5 g 1 - € PAD
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, Sion i
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MAIN CHUTE STOWAG . l//// YR, , / ) ULy
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\ MORTAR
MAIN CHUTE PILOT |
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~
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Non- (T ;II
Component Aluminum | Titanium | Metalliq Total * i Wiy
I.,,
-
Fuselege (38,146)
Nose 212 11 223
Crew Compartment 8203 2845 | 11048 S 1
Mid Fuselage 3871 613 | Lb8L L Ll
Side Panels 2348 326 2674 S 5
Payload Doors 3600 650 4250 S o
Fwd Wing Carry-Thry] 2hg7 287 278k S
Aft Wing Carry-Thry 3660 343 | Loo3 =
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OMS Pods Th2 The ::
RCS Pods koo Loo S
Wing (18,017) Z
Fuwd Exposed Wing 5343 675 -6018
Aft Exposed Wing 7824 475 | 8299
Elevon 3700 3700 .
Tail ( 35186) 48 L 4
Fin 2226 2206 A |/ \
Upper Rudder 540 540 [} 1z \
Lower Rudder h20 k20 \ aa V5[5 A \
[ [ N ' M \ \
Total 148,869 3611 6869 | 59,349 LBS N N < LL'L > - L\\ VA RSTS
. \\ \\. > - | I : b | i |‘ . . (
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Figure T Orbiter Structural Arrangement
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APPENDIX A

SUMMARY OF INTERSTAGE FORCES

FOR 1 LB. OSCILLATING FORCE

APPLIED AT ORBITER ENGINE
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APPENDIX B

RESONANT FREQUENCY OF BODY

SUSPENDED FROM THE TWO ANGLED WIRES
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