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ABSTRACT

This paper describes a structure, and some of its characteristics,
which is to be used by the AXT Student Space Shuttle Frogras for
carrying GAS experinents. The structure is sufficiently versatile that
other GAS euxpervimenters uay be mble to use it. The concept is easily
capable of being extended to the 5 cu.ft. cannister.

DESCRIFTIGN OF STRUCTURE

The concept is siaply that of a strowg, squeve cross-section, central
¢olusn to which experinental and accessory cospartsents are attached.
The attachment wmay be by direct bolting or through vibration snd/or
theraal isolators, as wneeded.

It was felt that = hollow 4"x4", 1/2" wall thickness, &041-T4 Aluninun
column would bhe adequate. Becmuse Aluminum tubes of these disencions are
not commercial stock items, it was fabricated in the Tollowing nanner:
Four 378" thick 4061-Té Aluminum plates, two of which are 3.75" wide and
the reasining two are 3" wide, were slid into @ 4"x%4",1/8" wall thick-
ness, 8063-T3 Aluminum tube, and seam-welded at each end to the tube.
{Lhanfers were nilled on the plates prior to welding to provide space
Tor the weld matevial to enter and create a strong bond.) The ends of
this conposite colusn were nilled to remove excess weld material, and
to nake its ends at right-angles to its sides. Details of the column
are further elucidated in Figure 1. There is no veason for the choice

of @ different alloy for the outer tube other than that it was veadily
available.

The nexi step was to provide means for atiaching the column to NABA“:
Standard Experiment Hounting Flate (NWF) (11, p.19, wnd [21, item (a),
and to incorporate lateral supports [21, item (h). This was accomplishec
by constructing two initially identical 17.75" diameter, 1/4" thick,
5061-Té Aluminum plates, with 3"x3", 0.73" deep, stubs at theiyr centers
each fabricated as follows: & 1" thick 4061-Té6 Aluminun plate was
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milled down to 0.25" thickness leaving the stub =t the center. (The rem-
son for this method of manufacture is that bolting or welding a stub
onto & 0.25" plate could, it was felt, create sirength problems.) The
resnaining 0.25" plate was held through four holes on a rotary table and
the edge was nilled to 19.75" dianmeter, Eight countersunk clearance
oles, two per side, were drilled at each end of the coluasn, correspond-
ing holes were drilled and tapped in the stubs to accept Tridair

KH420J inserts [3] , and the columsn was secured , using Unkrako

1940 series 1/4-20x3/4", alloy steel socket head cap screws [41 , to the
stubks. One plate is intended for attachaent to NHF, the other to carry
lateral supports. We shall refer to these, respectively, as A&T"s Top
Flate (ATP) and A&T“s Bottom FPlate (ABF). This assembly is shown in
Figqure 2.

It was initially felt that the attachsent of ATF to NHP should
incorporate therssl isolators. For this purpose twelve Polypenco Nylon
101(6/58) [5] spacers, each as specified in Figure 3, were fabricatled
@nd inserted at twelve locations in ATP. Twelve Unbrake 1760 series
10-32x1.25" =lloy steel socket head cap screws [4] are expecied to ke
adequate to hold the complete structure and apparatus {totzl ‘weight
@t most 100 1bs.) to NHP during flight. Betails of the sounting of ATP
to NMF are shown in Figure 3. This method of mounting creates aw air
space, and puts Nylen barriers in the heat conduction path betueen
ATP and HHF. The efficacy of this device, as @ thernmal isolator, will
lxe comnented upown in the next section. However, the air gap remnains
necessary to prevent obstruction of the purge ports and grounding points
on NMF. The four holes in ATF which were used to hold it down for
machining purposes now serve to provide convenient mccess to NMP for a
grounding strap, plusbing for possible vewting .of batteries, and persit
purging.

The structure uses four lateral supports, each mounted on top of
ABF with four Unbrako 1960 series 10-32x7/8" alloy steel socket head cap
screws [41 . The locations of the lateral supports @re shown in Figure 4.
The details of @ lateral support are shown in Figure 5. It consists of
w threaded base through which a 1/2-13 galvanized steel threaded vod
moves. The rod is provided with a lock nut. One end of the rod is
squared to allow the use of & wrench to turn it the other end is turned
and press-fitted into the cone (part no. A2037) of @ Tiaken tapered
voller bearing. The cup {part no. A2128) of the bearing is nounted iw
@ Folypenco Nylon 101(6/6) [3] buaper. sade according to £2],- itea {h).
The operation is simply that of turning the threaded rods by @ wrench
through slots in ABF until the bumpers press zgainst the GAS cannister
walls as much as desired. The lock nuts are tightened to prevent the
threaded rod fron vibrating loose during launch.

The structure described above can ewsily be used in the 5 cu. ft.
cannister by constructing & longer central colusn, possibly increasing
Lhe thickness of the Top @ud Botlom Flates (in which case the stubs
may be bolted), and possibly incressing the number of screws holding
Lhe Top Flate to HNHP.
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CHARACTERISTICS OF STRUCTURE

This section contains & brief presentstiion of some characteristics
of the structure which are publishable at this time. The characteristics
mentioned below are among those which are required to be considered by
HASA-NHB 14700.74 [43 , the associated Gas Payload Safety Hanual [7] ,
the GAS Experimenter Handbook [11 , and A&T's own requiresents.

A) Btructural:

The following fornat coincides with that in the Structures Hazards
Checklist of the Safety Manual {71 , pp.163-147.

Structural Analyses

8. The presentation of a detailed stress analysis according to the
requirenents of Appendix 4 of [7] is beyond the scope of this paper.
It suffices to say that our prelininary estisates have shown that all
elenents in the siructure are capuble of withstanding the flight loads
with sore than the margin of safety required.

It is of importance to obitwin some insight into the vibweation fre-
guencies of the stiructure without any chaasbers attached to the coluan.
The structure will be excited by the motion of NHP. If we vegard the
ATP znd NHF assesmbly @s & rigid body the colusn may be regarded as
@n elastic body which is clasped at its upper end and attached to an
elastic support (i.e., ABF) at its lower end. Utilizing the genersl
principle that stiffening a structure raises iis vibration frequencies,
we Aay obtain lower bounds to the frequencies of the column by regavding
it @s free at its lower end. In this manner, we find that all longitu-
dinal vibrution frequencies are greater than

1225 Hz
and all lateral vibration frequencies are greater than
333 Hz

These values are far in excess of the aininum value 39 Hz specified

bwy Appendix A& of {71. He therefore conclude that the column is rigqid with
respect {0 any vibratory excitations transmitied by HHP. These exci-
tations will be transaitted alwost unaltered to ABF. It now becomres
iaportsnt to consider vibration frequencies of ABF. Because ABF is
supported in @ cosplicated wanner, we must resort to the following
technique for their determination: ABP is certainly far sove stiff

than a 19.75" diameter, 0.23" thick Aluainum plate which is clanped

at its boundary, because of the 4"x4" region in ABP which is also
clanped. The fundamental frequency of the former plate is

74 Hz

lde tonclude therefore that neither the colusn nor ABF will resonate.
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b. With the exception of itens (4) & {7), uwhich are procedural requive-
rents which will be followed in structural awalyses, it will be easily
seen that all other general practices listed have been followed.

Structursl Haterials

At the time of writing we have not convincingly demonstrated to our-
selves that damaging stress corrosion cracking, hydrogen esnbrittlenent,
or galvanic corrosion will net occur. Nor have we checked thal the
materials have sufficient fracture toughness to be able to tolerate
cracks of those sizes which nay be expected. Studies of this sort will
take place soon after we obitzin documentation of relisble recomnended
practice such as NASA-MSFC-SPEC-5224. '

Structural Supports

It will be seen that all requiremenis of this section have bheen net.
These will also be taken into consideration in the design of supports for
the chanbers which are to be attached to the coluan.

B} Thersal:

It is of considerable interest to know how well the structure is
thernally isolated from the cannister. For this purpose, we have done
sone calculations assuming that the structure and cannister inner wall
@wre at constant tenperature, and heat flows betuween them in the following
modes:

i) Conduction through Hylon-Cap Screw Assenbly
ii) Conduction through Air Gap between ATP and NMP
iii) Conduction through Latersl Supports
iv) Radiation from ATP and ABRP to Camnister Inusr Hall
If @ denotes the heat flow rate, TC denotes caanister inner wall teape-
vature, and TS denotes structure tesmperature, the energy balance equation
reads as belou:s

4 4
G* {18) + Gc_(Tﬁi =8 + B¥ {TC) + Gc:(TC)
where the 675 are calculable hest conductances.

Given the space available for battery storage, we expect to be able
to provide a maxisup value for @ of 2.4 watis. Assuaing TC = -135 degrees
Centigrade, the above equation can be solved for TS ito give

T5 = -14.8 degrees Centigrade

The above calculation is an iaportant one showing that with 2.4
watts of power available for heating, there is practically no theraal
isolation of the structure fros the cannister. They are practically at
Lhe sane temperature. e do wot expect to be able to raise the power
@vallable for heating too such beyond 2.4 walts because of batitery space
unavailability. We nmay therefore quesiion the necesssity for the Hylon
zpacers and use netal spacers instesd. It is also apparvent that any
desired temperature control of euperimental and accessory chanbers nust
Lake place by insulation and heating of the chanbers directly.
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