ICAS-92-7.5.2

THE RECEARCH OF THE INFLUENCE OF TEMPERATURE
LOADS ON THE DEPLOYMENT OF SPACE LONG PANEL
STRUCTURES

I.G.Sternin and P.A.Tushnov
Moscow Aviation Institute

Abstract

The creabtion of constractions which
might be unfold in orbit with various
technical purposes and parameters tukns
to be one of the main development path
for space oriented teéhnologies.

The main task of construction de-
ploying in space is accentuated on elimi~
nating temperature strains in panels cau~
sed solar radionce and thus different
heat levels of the frow and below panel
surfaces.

The paper contains the results of
temperature effects on constraction ele-
ments hing joints and strain compensation
methods taking plase in panels during
constructure deploying. The construction
math model is provided and the tempera-
ture difference of panel surfoces are
colculated. The strain function in Jjoints
and the panels scrolling axis deformati-
on as a function of coordinates and the
rotation angle of construction elements
are calculated. On the basis of calcula-
tion results the strain compensation me=-
thod is provided by resilient joint con-
struction, At the same time this joint
provides the strictness of the whole con-
struction according technikal requirments
at the end of the deploying process.

1. The review of space constructions
and the aspects of their deployment

One of the most promising directi-
ons of dgpace <technology is the develop-
ment of orbital universal collapsable
structures. Because of the strict limito-
tions on dimensions of spacecraft cargo
compartment these constructions are be-
ing delivered to the Earth orbit in
furled state. In this connection they
nay be classified, in terms of the way
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of their installation, into three groups:
prefobricated, deployable and made-on-
orbit structures.

Prefabricated space constructions
are transported to orbit as a set of
large number of unified pieces and units,
Then a robot-manipulator or the cosmo-
nauts assemble a predetermined construc~-
tion, Such a method requires sophistica-
ted systems and equipment that, in its
turn, provide an excess welght and redu-
ce bthe space for pay load and reliabili-
ty. Involvement of men for assembly is
labourous and quite ineffective,

Among the made-~on-orbit construsti-
ons are the structures made of composite
materials, In this case the thermosit-
ting of matrix and binder lasts during
the shaping, This method 1is rather com-
plex and disn't yet completely elabora-
ted, In addition, it isn't  suitable for
structures "filled" with electronic
equipment,

The most developed is the third ty-
pe of comnsbructions - the space deploy-
able structures, Among these are frame=-
work and rigid-panel constructions,
that are designed to be deployed in an
orbit by means of an electrical or ther-
momechanical drive,

The most popular are panel deploy-
able constructions such as solar power
supply arroys, phosed antenna arrays
etc,

Set us consider the deploying of a
large space rigid-~panel construction,
The fragments of this structure are to
be unfolded in two perpendicular direc-
tions: along the longitudinal axis and
along the transversal one of ready con-
struction. The process of deploying has
several successive phases. And at se~




cond or at third stage the structure

must be unfolded along the longest joint
of a construction,

The problems of a long space struc~
ture deployment derive from the phenome-
na of panel deformations caused by many
facts. Among tgese are: errors of tech-
nology and manufacturing, technique of
assembly and Jjustificabion, mechanical
loods (dynamic loads when launching and
tragectory alterations, vibrations from
a jet engine etc.), btemperature gradi-
ents due to solar radiation. At present
it is indicated, that the most conside-
rable deformations result from the tem-
perature loads, So we have to study this
problem, By way of example let us consi-
der a structure that consists of two
long rigid panels,

2. The features of space structures

The features
design is determined by their service

of space structures

conditions. The structures must have
adequate stiffness and strength to with-
stand dynamic loods (overload and vibra-
tions) when testing and launching,ther-
mal loods during deploying and life-time,
to
provide ninimum welght and dimensions
of designed cinstruction.Ii. this connec-
tion +the composite materials, having
higher relative strength and lesser tem-
perature extention factor then metals,

The essential feature required is

are widely used. What is more the compo-
sites have good stiffness and strength,
Also welght goin is attelned by using
box frames asnd shell structures, consis-
ting of rigid framework and thin out-
shell., The similar structures have low
thermal conductivity and are, therefore,
exposed to high temperature load due to
formation of great temperature gradients
in the thickness of panels, This lood
i.s one of the most dangerous ones impo-
sed on a construction during the dep=-
loying

So, let us consider a construction

of two conpled panels, Each panel has
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commonly used structure: a composite(Fiy.3)
framework as a central part of the pa~
nel, faced with two thin composite pla~
tes on both sides.

panels is denoted "H", The hinges, joi-

A clearance between

ning the panels are made of netal or
alloy, used in space. The places where
the hinges are <fastened to the thin-~
~plate faced panel are
from the standpoint of structure
strength,

most critical

%, The determination of forces and dis-

placements procuced un canels' hin-

ges during a deployment of structure

3+1.The desoription of nabhematical

model

Let us consider two panels of a
construction that are linked by hinges
along Their longest edges, Since the ra-
tio of panel sice lengthes 1is enough
small (@/8«<4 ; (a/8)%* <0,4
it is possgible to regard the structure
as a model of two Joined girders. In this
cage the girders can resgist twisting lo=-
ad (the width of panels is taken in acw-
count). After removal of the constrains
and substituting them for forces, as
shown in fig. 1,2, we have the follo~
calculation of the

1,

wing model for

strain~-stress of the structure.

R, Fig.3
Fig.2
The denotions are:
uj‘qkngch)a- strains of the paqéls cau=-
ged by 15% ana 229 tempera-
ture load respectively,




They are directed atbt right
angle to the plane of pa-
nel,

F% )F% ~forces,induced by bucbling
of the panels; are exerted
bt one parel on another,

F% ~force, exerted by the
bucbled panel N1 on pa-
nel 2.
LL\)LAsttrains in the plane of pa~-
nels,

Now we can seb up a system of diffe-~
rential equabions for the
ding and ‘torsion of two

state of ben~
girders,

3.2. The
disolecements within the

determination of forces and

mnathe-

matical model

: ET= S 9\_;&: -

hjv' ”‘91 :—ngx)fP‘\‘Q»ug L

».

A0+ R0 o5l

GJp ;\ﬂ = =R+ cod)

S e d;ﬁ?'- =L R (X) 4 RX) sl
X
B, 4

— R0 L

In the system (I):
1 and 2 - are the differential equati-~
ons of bending in normal plane;

344 - the equations of the panel
torsion about panel symmetry ares;

5,6 - the equations of bending in
the plane of the panels;

\PL(?)’ angle of twisting (an angle
between the planes of warped and flot
panel 1 (2) ).

‘jg)'jg~ axial mnoment of inertia.

&, d - modulus of
torsion respectivily;

CL -~ 3 holf of panel's width;
aL ~ opening angle;
ROJana By (X) - the

functions,

elasticity and

songht - for
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Thus, there are 8 unknown paramebers in

rﬂ )rzl) 6&9\) L&ﬁ2~)i)\;*3;)

. Therefore we add two

6 equations:
Uy, Wy
equations of continuity in the system

(D).

: (C-J ORI, )= (S +a\"~.~+w2T)foﬂ LrU3n .r;} 2!

( WstafF Lor) = (i a0Brey) sd =ty Hin = Pa £

The esquation of coutinuity 1nalcates,
that the combined deformation in normal
plane of a panel 1s equal to the sag

of a panel in the same plane caused by
the regpective component of a force
(note that the sag of a panel is Llimi-
ted by its
The sttem (II) contains:

stiffness uatil destruction).

K=z . - Ka
a/acfz —cof LK, + Kz 4 ing,
St
wheve KeTMRE - y- 45h2e
-2:A2a- &ﬂ%#&q ACHEZ )

K - stiffness of Sz':-zu.c{u:ce(may be
calculated as K =W (o)), here2d -

width of a rigid inset of a hinge in
the panel structure.

h = thikness of facing (see the item
"The

A - distance between hinges,

20\ - width of
Herein we assume the hinge to be abso-
lutely rigid (szngb
to rigidness of a panel (
k<hiH;?P(°

) Whr
temperature lood for loose panel.
Set them be the quadratic functions:

feotures of space structures);

a panel.

oo ) relative
)y dle€a

~ displaument fuanctions of

. Ao X&
(ST =
i\ ;l._\ A \1
Wyt = 4o e
24

where

de - temperature extention factor
of panel material;

F{ - overall helght (see the item
"The features aes);
,5T1)5T;— temperature gradient between
the facing plates of a panel.
We are coming now to the solution of

given equationse.




%.3 The solution of the mathematical
model

Liet us differentiate fowr times
the 15V equation of continuity from sy-

stem (II) and substitute the result fun-

ctions  jH WSie

for thelr expressions from the system
(3). Then the functions (Jipand )+

will equal zero. So we have:

&, (-P+R cofaé)—:: (— P2+P-C<>1<l)u}fe!*‘
ca? 4R AR AE
F& (=N A pe )
G:&p( dx2  dy? ! 63,>< 3z ¥
rcot AR eond =L pecn¥= -*’ni( dR
Ax2 ) 3 O\x‘“\

The 2" nd continuity can be
rearranged in a similar manner:

“3;‘3; (‘%ﬂ? wm’)-r—‘:—;,n (——P.+P2 ofL)ord +

equation of

‘clif» ot AR
2 (=8 2 oy
S3p ( dx2 “ d;(1~> GJ\‘J (C\X"
9\__& (473,,\\(.019[ p‘i‘- “'(nf’( qu’
Tax: EYy K dxH

After grouping the terms we get the
system:

E_ ((1+wjl,z)9+ﬂpzcoso(>+~ ((p,a;fo/)dxl

+icogxd291>_L_ 2= %n% 4R
) s b E =R Txu

-
g (e e R R0l (o)
ﬁ +2.(0£o(dlp> P ANy m‘,,(o”‘Pz
X2 d &jg < d)(‘]

This system is symmetrical with re-

spect to the functions P, (X)and

P (X) ¢

Let us designobte the combination of all
operations on function P (X) in ’ISt
equation of system (III)by operator Liy-
Similarly Lsg will be the combination
of all operations on function @(X)in

the same equation.
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it

Then the system (III) may be transfor-
med in following manners:

L‘|(ﬁ>+Ltz(Pz> :O

W
L\\ CPz)“” LJ?,(P,) =0

where ‘u\ and L\zax-e the operators
L= 4wl o\u\ (1\4— o4 o&) QA_. +
< o\xq Gj
{ T
+'@~3_t;((+co§7’o<) -‘\-—\‘::?g\_a $in'd
Co__or At
We can rearrange the system (IV) by ad-

dition and subtraction 229 equation
from 15%, This gives:

Li+bs) -(P+R)=0

(L ?-> (P P> O
Let us designate:
P‘-k—PZ:kd\
P\'Pz:gz_

Then the system shows:
2
+;L5/A M 4\53(3'\10

Z ‘*5)32%?. =0

X\)Yz ) \55‘ ) \3?’2 from
the system (V) are:

=g (tr cos-aeog )/ 0L =

= a4~ 4) /‘ﬁhzoi -

('37. _Q.;w/ o\

The coefflclents

Koll-cgd)

e G3p (=tozd)
2= & (1+Q5§30L+1ceg/) «imzaé Q(M—@Sl}/
CIPT a (ecotd) G3p

G3p (4- (csfot\

5= [y, (eod2eat g+t =Wl j/ L Koo, y
87185, (s coridsdceosd) +15% %@ [

< E3s(\+wu LJJ
i - W {1+ 05d) |
KESa(low) (__"5

The system VI has the solution. Cha- g

racteristic equations

LDy LTS o5 42




roots
¢ 4

L= F 'bﬁim
Ora(£ N F 031 ;{ :thﬁ

Since the functions Vﬂ and‘3l are
symmetrical the solutions will be also
symmetrical (cos)

the

g‘:2A|QﬁX4X+2A2&ﬁJﬁ<

viv

where

,
Li,2 = JJ/« f-J’%Q—ﬁf
daa =g EN TS,

Addition and subtraction y, and yz
gives:

P = Aot Ak +AxcoIdy kEAZCOSLY T Ayeotiyt

Vi
T [B= A cos dr At —Ag @8 g X = Ayeodd Wl

Lebt us determine the factors A, A, A;
and Ay « For this purpose we have
to set the integral conditions. Our sy-
stem is in equilibrium (it is neither
constrained nor moving). Consequently
the following integrals of the functions
P and P, over full length must be
equated to zero

4 4
gﬂ(-{)cixto , Jer ()elx =0
0 o]

Hence it is right for %ﬂ and %2 toos

/7 14
f90=0 ; Jy. =0

After integration we get

5._‘..—%6491,@#& 4ind,2=9
¥ L

oy R tind £
A _Al PEE rw(lé

- A ola 2 £, € -
Ay == Ay S =~ A din d, £

-Zqz‘Zézﬁﬁhﬁg&:—Ang%%Msé

43 #h dul
Note the denotion
ﬁq\: JElﬂ__*___
O{l’f’{hnlé
Ag= A
3 053—5’1’10(“2

Then the solution will be
"R = A (i dp Ceot X oy tind s

A5 (dgtin dud cos dzX=Lytn d3€co’ dyx)

XY R = A Ghtinkpbeot dxdasind £eotdsX)

e

- (0134"&\02\4((050[3 x—quﬂd3t’cofo/q X>

The last two unknown factors A, and A
can be found from boundary conditions.

3.4, The debermination of the factors

[\\ and /&3

set boundary conditions.,
Inosmuch as the torques and cutting
forces on free ends of the girder in
both directions (orthogonal planes) are
equal to zero, then we can write

Let us

2, 3
R NP Y )

Dx* 9 x>

VU2 _ 2 Az -0
if X= ¢ and X = —¢
For a fixed point of the panel 1:

X:O “a(«}‘\.z_ DL&}
DX (j)(

TDieplacement and slew angle, with re-
ferance to frive fixing place, are equal
to zero., In fact, this point is the zero
of coordlirates),

Also if K=
AP
—_— 0

AN

Let us next integrate the firs equation
of system (I) four times,

6= (:3% BU,O»((-P () *B (f)cosd)at)dxd x ok x
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+ B x3e o XF o x + 4.
In view of that system is
the factors at add terms will be equol
to zero. Suppose also thaté=PBz4 =0 .
Differentiating of the equation two

symmetrical,

times and inserting X =€  into it

glveg'

5, JCfeR()raed)d ylxrdo, =
—e\wz(/ 0

boundary condltlons the right

One to the
part of this equation equals zero. Hence:

A= ;u:d?f(f( P(Q*P’L@)C‘D&’Od >°b(

In a similar manner from the 282¢

tion of system (I) we derive

Ou= 21:/3 f(f< Pz(f)'fp({)fofo!)o&)g{v(

In what follows we define the expression
for G ‘P and W, L, from the systen
(). Double integration of Bd and 4th
equations of the system (I) gives:

-85 JCSeR@R)esdir) et
at=E5 [(SERQRD syt cuo

Owing to symmetry of the system the co~
efficients Cy= Cy = . The functions

equa-

U, and W, can be expressed by inte-
gration of the equations 5 and 6 from sy-
stem (I), The factors at X and % 2are
equal to zero, The factors at X*we can
define after double differentiation in
much the seme way as the factors o,
and €, in the equations with L“%;&)Z
Bubstitution of the coefficients gives

WWe next insert the
ons of (J,ws P, ;fg) W, and U5 into
the continuity equation (II).

of the factors at'%z'in these equations

obtained expressi-
Equating

gives two lacking equations to define

R +B ot -3 25 ArP ot el§ Tax

~ Pt 4 O ol x= de(sTotd-4TY)

3
L %C;(-P +P cos ,(-Paas,Hchoﬁ()o\@elx-»
ffl’ «pmo(ol\{d" = "(°(L\TCOM—4\—}

2&:33 5o
After simplificative manipulations we

get
(2 gl =i

W Aol 4ins f 4
(ﬁ 2E 3 > j‘P@j dx =i (A MJ"“)

5t ana 224

Addition and subtraction of 4
equations gives:

A-co é?
ZL‘ ;;Z\fon J)SJ(T,%Pz)c‘)\fg{x =

2€ 3y
[ Ve
= -«!o(mﬂl)( {~cot )

-B) olfolx =
= ~da (47T, ((+rou>

12
t(UfJ-+iAn2J >
ZLS? 2

From (VII) we get

R+B =2A (43 ndy ot d % —
"y tin L€ og iy X)

jff ((0.(3) 5 dhf) dhsdcolr= T p,=p =2 A (dy sindy oot o ¢ —

G{) 00

f[@ (7)4cn dol Fohx
Ugq= E'jy jjﬂ §< R(3)3ind)d})dvelxlx
2 2 %
- ;Edy é!‘(*ﬁ({)i{nd(ﬁi)dx
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- dytindz oy dy X)

Tet us next integrate two times each
of equations



F’ix‘
JJCrR)dgdx= 2, (2048
[2e] OZ\

&2&1( («FCOSJZ'€>>

W

- 'ﬁmlxg (i- (ufJL(/Z))
Slmultaneous solution of (XIII) and
(ZV) jields A, and /\3

Az TH TS (cotd)

2[.:3‘7

MEW;TF) a[z 4 ,(\'COZS’«:[,()- 4 h J;((’k&ji&;@)

"b (AT -2T- \1>({+ ok )
.?<_\;_QL_ ’f&f\lol ('&U‘\qu
Zgﬁa A3

or _QL:%L ('\—CQSOLL(

A, =

—Edo (AT ta12)

(1-cosd, @“

J [ P-2)dgde s (Hidl(1 0.

({—@&Jzé

if the hinge is continuous.
In case of discrete hinge The maximum
force can be estimated by the following

int egﬁ“al s

. jp(%) 0= 5@_@0&

where \__\ - distance from the last hinge
till the end of a panel plus a half of
space to the next hinge. Then the formu-
la for pressure can be transformed by me-
ans of integration of P, and  with
further insertion of them into (XVII)

P = ‘& 2E<A‘.3C\\)Z<‘\—(OSJ)+(A; §:3>z(’\-—<o%> o\)j \

where 5“ and -}’3 are the integrals of

Py wmd o

£z 2in O #nTa (€LY T~
—tin (L) 2n TL(E-1)]
fo=en (30) einLdu(€-0) T -

o

1~

— 4eh (/qg) +h [0{3 (fg‘L) 1.

Moz \Fra (b€ < ;
( JXJ >< (i- MJT@) ﬂ 6 30@) The function of displacement one can
M obtain by substituting ')O( and 3,
SRR D) k0 6. s 3 s o
N4 2 AN /4ind 2 U - *
( oZo()(32*'3‘-7)(%‘L%’QDSJKKJ‘%(*‘OSJR@ Insertion and integration of |9 and l?&
. gives the function of displacements
The sought for functions are:
o 0o E¥e = DA (DAL gy qtndi €,
R =A U\"{”Jz{/@“ﬁoﬁX‘o(’zﬁ'no(,(co;sda% o o3
- s 1,1 )+ Ag <’W A€ S M
As (35 dy et dy k- dytind3 € o dy X
y 3Ry Y
Wi 3 ) - ot dy )gj*'CoSo(EA (”f’““sz Cu:fo? X —

Vo= A (isndaClot oty 1ing rot s X) —
— Ag (olg‘ﬂt‘ﬂo(q é(‘dﬁJgY‘p/q’R‘/‘) O(j’f(dtfo/v( %)

~“The pressure exerted on a hinge is:

P=\ (R s )+ 0,202 =

T 3
=\R>2Rp CEFES

«&’/mo(f
l

—:m «13 wg,,qu)J-pY f D\ (ﬂkhd 2% 0

o1 )~ Ag(w

 ins i Ceotd:€)v s “w_&«j@\%?-

—Kinds eCuSqu)J “\‘CDSo(LA (M

‘}LHJ(Z&)‘JQC) A <‘?.‘£M_ .—Lmzc’c,;-fxq é’):(
The function wJ, is determlncd analoco—
usly.
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4o Method compensation of the

forces

Analysis of calculations of real
coutstructions whows thet during the pro-
cess of unfolding of deformed panels,
the forces gencrated in the most vulne-
rable areas (placeg where hinges are
fastened to panels) can exceed allow-
able loads. To lessen stresses in these
critical places, the authors suggest
the techniques of temporal alteration
of - structure regldlty during the pro-
cess of deployment., IT 1s assoclated with
the Tact that decreasing of parameber K
from system (I) leads to reduction of the
efforts P\ and FE_ that, consegquently,
lessens stresses in the fastenning areas,
One of the design solution proposed
by the
tion of

authors, consists in substitu-
conventional rigid hinges in
coastruction for

the present special

"resilient" Joints; that reduce rigidi-
ty of structure in the process of deplo-
ying. At the end of deployment process
these "resilient" joints take their ini-
tial position and are locked. Hence o2
completion of the deployment such
joints are equal in properties to usu-
al rigid hinges.
The performance of the proposed
joints is shemabicolly shoun in fig.4-§
and technical realisation - in fig., F
The "recilient" joint design includes
two levers (holders). Bach of the
levers is fastened on its panel by me-
ans of supporting axle (pos.,& Ywith
allowace of 1limited turning about the
of the
lever is joined by swivel axle (pos.2 )
with the first arm of other lever,and

the second arm of each lever, con-

supporting axle. The first arm

strained by restoring spring, rests

on the retaining plate surface (pos.d )
of a panel. Then at the outset of struc-
unfolding (fig. 5 ) the swivel
axle is shifred in the phoune of oune

ture

of the panels, and the corresponding

lever, therewith, is being slewed aboub
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its scupporting axle and depresses the

restoring with its second arm,

As this bakes place, a load on
critical places of the construction is
decreased owling to reduction of gtrucr-
ture rigidity because of elasticity
of the "resilient" joiuts,.

At the opening angle of 90° the
rigidity of the structure is maxinua, be-

cause at this wmoment one panel repre-

.
E)
*—#@(E

- .




wheme\4mn?6:£§£lug;ﬁltvi%%>

sents a stiffener of another, In this "““““"'“‘*”"‘**fg% ‘
case a lood on the joints is maximum
and displacements of swivel axles, \
that pivot the panels, are extreme,. N \\

On the completion of temperatu- >
re equalisation on both sides of the %
construction (quasi-stationary process
is considered - speed of unfolding is
low. The restoring spring of each hin-
ge on expasion returns the second arm
of a lever to initial position,

.

\\

AN

LA

PR

When the construction is deplo-
yed and the panels are turned

through (angle of) 180° (fi%.o )
the Jjoint flanges, positioned on theﬂwﬁ%
first arm of each lever, come into con-
tact. The second arm of each lever
therewith rests on the retaining plate
surface of its panel. Hence in the
servicing state all parts of the struc-
ture are firmly locked. After locking
of the construction in operabting state
(L = 180°), it will be a stiff sbruc- '
ture. ' |

v ke
Ty

1

-z

TY‘\TX\‘\ X\‘XAXJI

The described joints can be effi-
cliently applied to the construction
in all places except for one or more
central hinges, /]

A i 2 P A W AU 5
P A S S AR A 4

W
M

p ki’ s e ey
P A A L Ay A A A

Compressive elostleity of a res-
toring apring should be determined
separately for each particular joint.
Stiffness of the spring should be re~
ciprocal to wvalue of effort exerted to
a Jjoint., In this way the most elastic
springs are installed in morginal joints
whereas bhe stiffist springs are in cen- &
tral joints, )

PN AN A A A 4

g o
R S ST L S SR A S i &

e

AW WL W
SRV VAV |

This is necessory for even loading :]
of the construction, I

The solution for structure with ri- t ‘
gid hinges given in this paper, is appli=- *
cable for calculations of forces in fQ\}I‘\
the construction with "resilient" joints, |
One should only properly change the re- Figﬁj‘

gidity parameter P<f)<5ﬂmqg§_§%ﬁ§hﬂﬁﬁ__f
VIR hinge

=

g
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