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[57l ABsTRAcr 
A foldable expandable pallet (10) having a basic square 
configuration. Each pallet is comprised of a plurality of 
struts (It, l3) joined together by node point fittings (12) 
to make a rigid structure. Some of the struts have hinge 
fittings (15) and are spring loaded to permit collapse of 
the module far stowage (26) and transport to a space 
station. Dimensions of the pallet are selected to provide 
convenient, closely spaced attachment points between 
the relatively widely spaced trusses (21, 30, 31) of a 
space station platform. A pallet is attached to a truss at 
four points: one close fitting hoie (22); two oversize 
holes (24, 25); and a slot (23); to allow for thermai ex- 
pansionkontraction and for manufacturing tolerances. 
Appfications of the pallete include its use in rotary or 
angular joints (29); servicing of splints; with gridded 
plates (M), as instrument mounting bases; and as a road- 
bed (36) for a Mobile Service Center (MSC) (37). 
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main structure wherever desired and having closely 
spaced node points for attachment purposes. Such an 
interface attachment structure would Serve as a vital 
link between all of the large and small components of 

5 the space station as well as between the Mobile Service 
Center (MSC) and the main structure. 

EXPANDABLE PALLEI' FOR SPACE STATION 
INTERFACE A l l ' A C " T S  

ORIGIN OF THE INVENTION 

BACKGROUND ART . ployee of the United States Government and may be 
manufactured and used by or for the Government of the 
United States of America for govanmental purposes Tetrahedral structures in general are shown in U.S. 
without the payment of any royalties thmon or thnr- 10 Pat. NOS 3,221,464 and 4,521,998. Collapsible types of 
for. such structures can k seen in U.S. Pat. Nos. 3,486,279 

4,064,832; 4,393,887; 4,539,786; and 4,569,176. Specific 
Nov. 13. 1986 now U.S. Pat. No. 4,765.114. of such units that are deployable in outer space are 

illustrated in for example, U.S. Pat. Nos. 4,337,560; 
4,527,362; and 4,557,097. Of particular relevance to the TECHNICALFIELD 

The Space Transportation System provides new op present invention however is that structure illustrated 
portunities for expioration of space. The capebility to and described in U.S. Pat. No. 4,579,302. However, 
economically p h  large payloads in orbit Offen the none of these prior art references disclose or suggest the 
d m ~ ~  to pdm SpSce novel thamal compensating connector system of the 
impractical. projects presently under cumamah 'On 20 present invention which allows for expansion and con- 
include the - . Of a Space station to P r o v i d e  traction between the truss of a space station and a fold- 
P e m t  mannai Presence in Space. The prospect Of able expadable pallet. This compensating feature of the 
such a pro* unpu4ilekd for present invention aiso takes into account any inherent 
d@'dqmg ~ f i c k n t  .WUCtud -a ad manufacturing inefcurpcies that may be present which 
new and snch a 25 would hinder the use of a particular component after it 
structnre. . I  bas b c a ~  stowed and transported into outer space. Such 

hge stroctures in be cannot fiord such a luxury. The foregoing prior art 

advmq to dcvdop e ~ t  stmctud coILcep*I 30 design of the present invention of a yoke-like node point for maximmn Of bay fitting nor do they suggest the use of a foldable expand- 

ne invention h- was de by 

This is a division of application Sa. No. 929,875 filed 

that PmiOdY 

W V  to f~ and 

-Y* ally * involving bin- m M  be avoided w w  payloads in the near 
comPlished * Orbiter- It is thaeforr &- furtha f' to or suggest the novel 

and - DlhklkZ * - 'lanba Of - -. able paUa = a rotpry joint piece, in the =- 
Although the spsce shuttle qrwenbl all impmvanult 
in p.yw crpebitity. it is limited to a pylod of vicing of spece mtim m W  joints, and as a roadbed, 

of 14.5 feet and a length of sixty feet. having as a necessity node points that arc closely spaced withadirrmaa 
S u c h '  . . mustbetakeninto . *=dm *e-- is a and this type of coIlstcllctiozL has created undesired 
" d ~ k & " ~ w ~ t h e - ~ a r e s q P a r e  flexural and torsional deflections resulting in severe 
trusses that arc five metas in cross-sectional height and 40 
width. It is highly desirable from a The expaw of past units has been extreme and due to dynamics v i a q + t  

the frrrmine = (Is - their large size resulted in bulky loads in the payload 

the - frrqueacy. H ~ ~ ~ ,  = &* - able urpandable pallet of the present invention how- - approrcbes five - & node poiats - 45 ever, rcmove~ the constraint that the main structure 
spaced so br apyt that attachment of misccllana, us must have cioscly spaced node points for attachment 
c o m p o n m r s t o * ~ ~ ~ ~ d i f f i c u l t i f ~ t  purposffThus,thcrcisprovidedastructurethathas 
impractiaL F a  uunplz the a t t a c h t  of a conpol widely spaced node points and yet is stiff and structur- 
rnomcllt gyro which masures a or mort in size ally effective. The foldable urpandable pallets of the 
a n d ~ & @ ~ ~ s c ~ d ~ ~ p o u n d r i s ~ i f t h e  x) prescntinven~naisopossesstheadvan~ethatthey 
& p o i n t ~ ~ s p r ~ e d 5 ~ ~ ~ -  wbe~pandcdinorbitratherthanassembledasinthe 
everatElchmcnt is used, it most be fed to at ~erst 3 aode case of much ofthe prior art. 

DISCLOSURE OF THE INVENTION point bmekcts in order for moments to be t i r m f a r e d  to 
thespwr sbtion, In th attachment of m o d ~ a s w e l l  
as srrmll -ts such a rotary joints, The present invention relates to a foldable expand- 

us payloads, and instnrment ~ k a g e s  able pallet having a basic square or tetrahedral configu- -&.- of vanoua sorts, these units must bc held b y  to the ration. Each foldable expandable pallet is comprised of 
space station main frame. In additim the MSC (Mobile a plurality of struts joined together by node point fit- 
Servicc Center) must be able to -vase all parts of the tings to make a rigid structurr. Some of the struts have 
space Station Widely spaced node points of 5 meters. 60 hinge fittil~g~ and spring loading to permit ~ 0 1 l a p ~ ~  of 
However, this is diffidt due to the limited sizc of the the pallet for stowage and transport to a space station 
payload that can k carried. Such attachment p m  and erection on location. Dimensions of the pallet are 
d u r a  therefore require a great variety of secondary selected to provide convenient, closely space attach- 
s t r u c ~ r c s  that not only arc difficult to stow in the pay- ment points for securely mounting components between 
1oadbrybutareurpensjve.Therristherrforeaneedfor 65 the relatively widely spaced node points of a space 
SCCOadlVY structures of common design- that can be station truss. The pallet is attached to the truss at four 
folded and stowed in the payload bay of the Orbiter and points. one close-fitting hole; two oversized holes; and a 
then expanded at the space station and placed on the slot, to allow for thermal expansion and contraction, 

problems. 

ble in e to - & o v d  bay adding to the number Of orbiter fights. The fold- 
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BRIEF DESCRIPTION O F  DRAWINGS 

FIG. 1 is a pictorid representation of a foldable ex- 
pandable pallet of the present invention shown in tri- 

5 metric orientation and in its fully expanded position. 
FIG. 2 is a pictorial representation of a portion of the 

foldable expandable pallet of FIG. 1 and showing the 
yoke-like node point fitting in more d e t d  and on an 

and for manufacturing tolerances. Applications of the 
pallet include its w as a transition from the truss to the 
rotary joint, in servicing splints, with Mdded plates, as 
instrument mounting bases, and = a for a M ~ -  
bile Service Center (MSC), and the like. 

The invention also relates to a space station deploy- 
able in earth orbit comprising an elongated main truss 
substantially square in cross-section and having a plural- scale. 
ity of node point thereon for mounting 10 FIG. 3 is a view similar to FIG. 1 but showing the 
components to the space a foldable expandable foldable expandable pallet in a partially collapsed con- 
pallet having a plurality of foldable face struts and a f imt ion .  
plurality of non-foldable diagonal struts joined together FIG. 4 is a functional representation of a truss of the 
by yoke-like node point fitting means connected space station and a foldable expandable pallet of the 
thereto, pin means carried by said pallet for cooperation IS present invention connected thereto in the fashion 
with and attachment to the connector means of the taught by the invention in order to allow for thermal 
truss, said Connector means of said truss being adapted expansion and contraction. 
to receive Said pin m u  of the fitting mcBIIs, the fitting FIG. 5 is a functional representation of the various 
means including a series of openings at 1-t one of S~CDS and DrOCedUreS for attaching a foldable exuand- 
which approximates the diameter of the pin means to 
provide a close fitting relationship, at least a pair of said 
openings having a size exceeding the diameter of the pin 
means to provide a loose fitting relationship, and an- 
other of said openings being in the form of a slot in 
order to allow said pin means freedom of movement 
thmin, said fitting means thereby allowing for thermal 
expaosion and contraction between said truss and pallet. 

A further feature of the present invention is a foldable 
expandable palla comprising a plurality of foldable face 
struts and a corresponding plurality of non-foldable 
diagonal struts, said struts being joined together by a 
plurality of yoblike node point fittings, each fitting 
having a bi-level configuration formed by a central 
support cylinder having a fvst set of upper level yokes 
projecting therefrom and a second set of lower level 
yokes projecting from the bottom of the cylinder, each 
yoke including a pair of spaced apart arms for receiving 
one end of each of said struts, and pin means for attach- 
ing each strut end between theanns of each said yoke. 

Another concept set forth herein as a feature of the 
present invention will be seen to be a yoke-like node 
point fitting element comprising a bi-level configuration 
of yokes formed by a central support cylinder having a 
fmt set of a plurality of upper level yokes projecting 
therefrom and a second set of a plurality of lower level 
yokes projecting from the bottom of said cylinder, each 
yoke including a pair of spaced apart arms extending 
outwardly with respect to the axis of the cylinder and 
with the yokes in the upper level being in planes sub- 
stantially parallel with the yokes in the lower level, 
each arm of each yoke having an opening therein. pin 
means carried releasably by each yoke in said openings 
for attaching members to the yokes, and a passageway 
extending through the element along the axis of the 
cylinder. 
Also described herein is a method of providing 

closely spaced apart attachment points for mounting 
small components to a space station having buma with 
widely spaced apart attachment points comprising the 
stcps of attaching to the space station beam at said 
widely spaced apart attachment points at least one fold- 
able expandable pallet having on at least one surface 
thereof closely spaced apart attachment points, and 
securing to said surface of the-pallet the small compo- 
nents to be mounted on the space station bcam. 

20 abL pallet io the main truss or be& of the space station. 
FIGS. 6-U are a series of similar functional represen- 

tations of various ws and applications of the foldable 
expandable pallet in outer space. 

FIG. 13 is a pictorial representation partly in cross- 
2s section of the connector details of FIG. 4. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In FIG. 1 there will be seen a basic unit of the fold- 
30 able expandable pallet of the present invention. The 

pallet 10 includes a plurality of foldable face struts 11 
having a hinge 15 at about midway of the length 
thereof. The hinge 15 is preferably of the type depicted 
in U.S. Pat. No. 4,579,302 (FIG. 5) which includes 

35 torsional springs to provide energy to effect expansion 
of foldable struts 11. The hinge 15 provides deployment 
energy and self-locking engagement when deployed. 
Once deployed in orbit, the pallet 10 forms the struc- 
tural nucleus of a geometrically symmetrical structure 

40 capable of supporting a plurality of various members 
and performing a myriad of functions. Pallet 10 also 
includes a corresponding plurality of non-foldable diag- 
onal struts 13. and with each end of each strut 13 as well 
as each end of each strut 11 joined to a node point fitting 

45 12 in order to complete the structure. A central passage- 
way 14 in each fitting U serves as a connecting point for 
joining the pallet 10 to a space station truss as will be 
seen hereinafter. Pin means 38 in FIG. 4 provide such a 
connection. Fitting 12 serves as the node point since the 

SO center lines of all of the struts that tie in at a particular 
fitting intersect at a common point at the fitting 12 for 
example. The face struts 11 are oriented 0' and 90' with 
respect to each other and lock when in the 0'-180' 
position. The diagonal struts 13 extend between the 

SS upper and lower level node point fittings of the pallet 
10. 

In FIG. 2 the node point fitting 12 is shown on an 
enlarged scale and will be seen to include a central 
cylindrical support shaft 18 from which radiates a plu- 

60 rality of yokes 16A-16D and 17A-17D. Each yoke has 
a pair of arms with a hole at the end for the purpose of 
inserting and removing releasable pins 19 which func- 
tion to hold in the yokes the ends of struts 11 and 13 
which are received therein. A central passageway 14 

6s extends through the fitting 12 from top to bottom and is 
used to attach the pallet 10 to the main beam or truss of 
the space station. Pins (not shown) are inserted through 
at least four of the openings 14 at the corners in FIG. 1 
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for example and the pallet 10 is secured to a desired 
section of the space statton in this fashion. The particu- 
lar detailof the attachment can be seen in FIGS. 4and 
l3. Referring again to FIG. 2, a common node point 39 
is shown at which point all of the strut centerlines 40 5 
and 41 intersect in the f a y  expanded configuration of 
the pallet 10. 

The pallet 10 is shown in FIG. 3 to be in a partally 

struts 11 fold inwardly thus ailowing the node poiuts to 10 
be packed adjacent each other. The face struts 11 with 
hinge IS are spring loaded as noted above by any suit- 
able means, and hence they naturally assume the 0'- 
180' pa6ition. T o r s i d  or extension springs can be 
used to perform this function. In addition such spring l5 
loadingpro*theewrgynceded to expand aad de- 
ploy the pallet 10 during its time of w. The pallet 10 
can beasuipped with othn devlcessuch as springs at 
the fittings 12 in order to assist in expanding the pallet 
andextermlforcescanbeapplicdtocarryouttheoper- 2o 
ation. 

With reference now to FIG. 4. the pallet 10 is  at- 
tached to a section of a five meter square beam 21 at 
four points using pins 38A-SD. The palla includes a ts 
set of opmiags 22-25 for this purpose and openine Uis 
sized to provide smug fit for pin 38k Opening 23 is an 
elongated slot which permits pin 38B to move or slide 
laterany thereia. Both of apaturrs sand 2s are over- 
sized with respect to pins 38C lad 38D nspectively. It 3o 
has been f o d  thuthisfashionofatwhing the ppuet 
10 to the beam tl is prcf" in that it provides for 
thamrl C C x p 8 m i ~ m d  ammctkm o f t h c ~  lorela- 
tive to thew 2 l  advice vasa, a d  dm allows for 
~ ~ i a r c c u r r c i Q w b i c h w o u l d ~ l l s e o f  35 
the paua 10 which carmot k toiarrtai bccausc of lim- 
ited payload capdilitjrs. The basic pnwxspfor install- 
ing the pallet 10 is seen in FIG. 5 whrein the pallet in 
its stowed . 26isexpandedat27andin- 

folded configuration. In this position all of thc face 

stal ledps-at  mat variowiocstions desiredon and 
along the main beam 21 of tbe SpsceStatiolL It shonld k 
noted in FIG. 5 that if oar amskkfs node points 42.4. 
44 and 45 a8 rcpruaItativt% thm the objective of the 
pallet 10 is to provide the space station 21 with a scc- 
ondary structurr that includes m y  closely spaccd 45 
node points in ComQalisOn to node points 42-4 
whereby the paUa 27 can sewe as amouting basefor 
compomnothatcouldnotothawuc . havebeenused 
with only thcsintingnodepoints 424s. The paIlets 26 
in their stowed ConfieuMOn . crrnbestowedinthepay- 50 
lod bay prior to we Cambtax holding 24 pallets 
require about seven feet ofpaybd bay length and one 
shuttle tlight can about six cannistaa 
Thb rcprrscats 144 pauets aad when utpandcd cover 
36,OOO square feet or about threequarters of the area of 55 
a football field. 

The details of the - * baweanthetnr*l21 
and the pallet 10 of FIG. 4 is shown in more detail in 
FIG. 13. W e  only a single pin 3SA is illustrated, it i s  
nonetheless rcpramtative of pins S E D .  Similarly, 60 

openings 23-25 of FIG. 4, for example, pins SA-D 
may be bolts as illustrated in FIG. 13 or of a quick- 
reluuctypeifdesircd, otherwise thethresded cnd 46of 
pin 38A can be seen to be received in one of the aght 65 

included to maintain a preload under varying thamal 
expansion conditions. 

opening 22 in the yoke-like fitting 12 is rcpraentative of 

openings 47 of tnur 21. Belleville spring 48 may be 

6 
A primary advantage of the pallet 10 is that a de- 

signer can select the size of a main beam that will pro- 
vide a stiff controilable space station and yet will have 
a multitude of node point attachment locations. Thus, 
an orthogonal pallet (face members 0" and 90' apart) has 
been shown to illustrate how an expansion structure can 
be used to span widely spaced node points on a space 
station main frame to yieid a secondary structure that 
has many closely spaced node points. This is the pre- 
ferred method for a square truss. However, it is also 
possible to span widely spaced node points by using a 
tetrahedral pallet. This is a type of truss where the face 
members are oriented 120' and 240' apart in relation to 
one another. This type also folds in a similar way to an 

The foldable expandable pallet has many practical 
uses on the space station. For example, it can function 
whem in w as a versatile pallet for mounting and stow- 
ing miscellaneous space station components whether 
they are large or small. These pallets 10 can be mounted 
at any location on the station depending on require- 
ments. As shown in FIGS. 4 and 5 the pallet 10 is 
mounted on any four adjacent mode points on the main 
structurr. It will t h d y  provide an array of anode points 
that are much more closely spaced together. in short, 
the pallet 10 acts as a pegboard. 

In FIG. 6 for example, a particular use of the pallet 
1OA and 1OB can be seen where the pallets form a tran- 
sition between two main beams 30A and 30B of the 
space station and a rotary joint 29. The foldable expand- 
able pallet fits on the four end nodes of the main beam 
and provides a multitude of closely spaced nodes for the 
rotary joint to be bolted. Since the rotary joint 29 is 
relatively small in comparison to the main bearn, it 
would not otherwise be possible to fit it to the main 
st ruchvc  without a transition structure or a multitude of 
S t r u t s .  

FIGS. 7-8 illustrate the use of the pallet 10 as a transi- 
tion between space station beams 30 and 31 that differ in 
size one from the other. FIG. 7 shows the beams at right 
angles to one another whereas in FIG. 8 the beams are 
more or less aligned. Sice the node points on beams 30 
and 31 do not match, some transition element such as a 
pallet 10 is required to make this type of connection. 

In FIG. 9. the main beam 30 carries a @et 10 of 
typical design. The pallet can be continuous, extend 
over only a few bays or d o n s  of the main beam 30, or 
it can be deployed as individual panels. Antenna masts 
33 are shown in FIG. 9 and the @et 10 provides a 
sccurc mount for attachment thereto. Instnunmts 32A 
and 32B used for earth viewing or space viewing are 
prwlded on the space station beam 30 by securely fix- 
ing these instruments to any of the several node points 
afforded by the paUet 10. In FIG. 10, pallets 1OA and 
10B are applied above and below beam 30 to serve as a 
splint which enables rotary joint 29 to be removed for 
replacement or servicing without weakening the basic 
construction of the beam 30. 

FIG. 11 shows gridded plates 34 mounted to the 

orthogonal pallet. 

foldable expandable-pallet 10 which in turn in mounted 
to the main structure 30. Depending on design, these 
griddcd plates34arc 1 m by 1 m in size and have mount- 
ing holes 35 spaced several cm's apart. These plates 34 
arc used in places which require smaU objects to be 
fastened or as protection walls inside servicing bays. 

It has been found to be extremely difficult to design 
an MSC (Mobile Service Center) bast to traverse nodes 
that are 5 meters apart or more. FIG. 12 shows a sche 
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matic design where pallets 10 are installed on the main 
beam 30 to form a continuous roadbed 36 that has node 
points spaced 1 meter apart for example. This permits a 
simpler and more compact design for the MSC base 37. 
Mobile base 37 is designed to either walk on nodes or a 
pair of rails may be fastened onto pallet roadway 36 for 
the MSC 37 to ride to and fro. Arm 49 includes wrist 
joint SO and elbow joint 51 for such purposes. 

It will be apparent from the foregoing that many 
other variations and modifications may be made in the 
structure and methods described herein without depart- 
ing substantially from the essential concept of the pres- 
ent invention. Accordingly. it should be clearly under- 
stood that the forms of the invention described herein 
and depicted in the accompanying drawings are exem- 
plary only and are not intended as limitations in the 
scope of the present invention. 

I claim: 
1. A space station deployable in earth orbit compris- 

ing a main truss having node point connector means 
thereon for mounting components to the space station, 
a foldable expandable pallet having a plurality of fold- 
able face struts and a plurality of non-foldable diagonal 
struts joined together by node point fitting means con- 
nected thereto, pin means carried by said pallet for 
cooperation with and attachment to the connector 
means of the truss, said connector means of said truss 
being adapted to receive said pin means of the fitting 
mums, said fitting means including a series of apertures 
at l a s t  one of which approximates the diameter of the 
pin means to provide a close fitting relationship, at least 
a pair of apertures having a size far exceeding the diam- 
eter of the pin means to provide a relatively loose fitting 
relationship, and an aperture being in the form of an 
elongated slot in order to recave said pin means and 
allow freedom of movement laterally therein, said pin 
means and said fitting means thereby allowing for ther- 
mal expansion and contraction between said truss and 

2. A space station in accordance with claim 1 wherein 
hinge muuw are provided in each of said foldable face 
struts in order to allow said pallet to be expanded and 
contracted when said pallet is deployed. 
3. A space station in accordance with claim 2 wherein 

each node point fitting has a set of bi-level yokes paral- 
lel one to the other and spaced apart by a cylinder, each 
level of yokes bcing offcenter 45' with respect to one 
another. 

4. A space station in accordance with claim 3 wherein 
t h m  are provided at least four separate yokes in each 
level of said fitting. 

pallet. 
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8 
5. A space station in accordance with claim 4 wherein 

said main truss includes a rotary joint and said pallet 
serves as a transition means between said main truss and 
said rotary joint. 

6. A space station in accordance with claim 4 wherein 
said main truss includes at least two beams varying in 
size and said pallet serves as a transition means between 
the beams. 

7. A space station in accordance with claim 6 wherein 
at least one beam is at right angles to the other beam. 

8. A space station in accordance with claim 4 wherein 
said pallet provides a mounting base and wherein instru- 
ments and antenna masts are attached thereto. 

9. A space station in accordance with claim 4 wherein 
said main truss includes a rotary joint and said pallet is 
arranged above and below said rotary joint in the fash- 
ion of a splint to enable said rotary joint to be removed. 
replaced and serviced. 
10. A space station in accordance with claim 4 includ- 

ing a series of gridded plates attached to said pallet, said 
plates including mounting openings therein in order to 
fasten small objects thereto. 

11. A space station in accordance with claim 4 
wherein a plurality of pallets are provided on said main 
truss to form a continuous roadbed, and including a 
Mobil Service Center for travel to and from along the 
roadbed. 
12. The space station in claim 11 wherein the Mobil 

Service Center lays its own roadbed from the plurality 
of pallets provided on said maim truss. 
13. A space station deployable in earth orbit compris- 

ing an elongated main truss substantially square in 
cross-section and having a pluraltiy of node point con- 
nector means thereon for mounting components to the 
space station, a foldable expandable pallet having a 
plurality of foldable face struts and a plurality of non- 
foldable diagonal struts joined together by yoke-like 
node point fitting means connected thereto, pin means 
carried by said pallet for cooperation with and attach- 
ment to the connector means of the truss, said connec- 
tor mean9 of said truss being adapted to receive said pin 
means of the fitting means, said fitting means including 
a series of openings at least one of which approximates 
the diameter of the pin means to provide a close fitting 
relationship, at least a pair of said openings having a size 
exceeding the diameter of the pin means to provide a 
loose fitting relationship, and another of said openings 
being in the form of a slot in order to allow said pin 
means freedom of movement therein, said fitting means 
thereby allowing for thermal expansion and contraction 
between said truss and pallet. 

* * * * *  


