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Introduction o e

* New physics (gravitational waves, geodesic characterisation)
demands for new thermal tools
— THERMAL “ON DEMAND”

 mK, uK (nanokelvin?) fluctuations
— Numerical problems
— Linearization possible!
» A uniquetool is needed to allow calculation of the response of a
thermal system to:
— aconstant perturbation, or Steady State response (step function)
— aperiodic perturbation (monochromatic frequency response)
— arandom perturbation
— acombination of what above
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Standard vs. linear system approactr—
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Physical quantities
definition

» The method presented hereafter can be applied to any
set of CONSISTENT UNITS
- K
— °F
— Sqrt(TSD)

— TSD = Temperature Spectral Density = [K2/HZ]

T2
TD=|im—
limy
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Application .Y
(the Test case)

LISA
TECHNOLOGY
PACKAGE
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Optical Bench requirements e ——
REQUIREMENTS REQ. VALUE
OB temperature 20+ 10°C
OB temperature stability 104 K/ +/Hz
OB temperature gradient stability 10 K/ +/Hz

FREQUENCY RANGE: 10! + 104 Hz
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Interfaces definition

* RADIATIVE INTERFACES :
L TP has been put into a sphere
(8 nodes), simulating satellite
environment
*CONDUCTIVE
INTERFACES:

oStruts

«Cables

TOTALLY 40 boundary
nodes
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MIMO (Multi-Input-Multi-Output)
systems
theoretical background
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Heat transfer equations ===
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Linearized system equations and—

transfer function
{or}=[Af5T} O éﬁgv E: @: iVBZ ﬁlﬁ 0 8T, = A,8T, + A.5T,
*Standard format for dynamic system equations
[Xx = AX+ Bu
Ey =Cx+Du
*In the frequency domain
X = AX + BU
EY =CX +DU
*Transfer function

Y(s) _

X= Status of the system
—~ =F(s)=C(sl -A)'B+D Y = Qutput of the system

v U= Input
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A first sismple example ===

—» T

o, ——>| O I «Single Input, Double
Output

(SIDO)

*For thermal engineers:
1 boundary+

e ] 2 diffusion nodes

1 Bode diagram per
diffusion node (d.o.f.)
«Gain
*Phase
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Ready for any possible number Uf!

degrees of freedom

. o If thetherma system hasV
(6T, 0 DAy AgldT, 0O “stati”, namely V different
L] 0 =0 (Ll L] temperatures, one per node,
000 Mev A s [J the matrix A, SizeisV x V.
 If the number of

(independent) inputsis B

Y(s) _ (number of bounday nodes)

@ =F(s) then the transfer function
matrix F(s) is arectangular
matrix V x B.

Each component of this matrix F;; provides the effect on the node i given by
the variation of the temperature of the ) boundary node.
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Test case features S

e LPT thermal network is:
— 2280 diffusive nodes (V=2280)
— 40 boundary nodes (B=40)
 According with the above description the matrix will
have the following dimension:
— Size(A,,) = 2280 x2280
— Size(Ag) = 2280 x 40
* F(s) transfer function matrix sizeis 2280 x 40

— It contains complex numbers (i.e. Phase and modulus are
given)
— It isfrequency dependent
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MATLAB tool to calculate F(s) an%
extract data from the matrix

A

Gain Node-to-node il /E:J'_’!J.l!!jll!l!!l!!l!!lllll!l!!ll!l!!!ll 7)-
Gal n NOde-tO-SmeOdeI ;;;EE;;J.!’!:!J!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!! ,
Gain Submodel-to-Node e R
Gain All boundaries-to-Node HERsHEGY
EHHHEE Boundary
EHEEHA e
AVV or connectivity matrix is N
also given NSiE
K\ _/

F(Hz)
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AVYV Matrix sparsity A
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Connectivity among Submodels—--

Connectivity
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Physical meaning of the results
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o X Test node
location
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\

8 Sphere-nodes -to-a-single node o
the thermal shield Gain

Wagnitude (dB)

10 10
frequency (Hz)
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Tool check A

o The results of the steady state TMM simulation
were compared with the O Hz results coming
from the Bode diagram.

e The results with TMM of transient simulations
driven by periodical boundary fluctuations were

compared with the Bode diagrams at 104 and
103 Hz.
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Check Bode @0 Hz with STDSFE-~
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104 Hz and 103 Hz comparisomn ="

ENVIRON-1f100-4 It isalso alinearity
1b ENVIRON.110M-4 1
> [ENnVIRONZ10M3 1 . -
W S b limit check
4ab STRUT78.5 [10N-4 2
5 MAIN.2030 (10"-4 1
6 MAIN.2030 [10"-3 1
Attenuati on PHASE (deg)
Output node [SINDA |BoDE [R8@Ve g\ palgope [Relative
difference difference
1 [TSHIELD.21 |6.55E-03 |6.51E-03/0.64 %[34.99 [350 008 %
1b |OP.1101 5.05E-04 |5.19E-041-2.77 %[134.8 |135.4 |-045 %
2 [TSHIELD.10 |1.30E-03 |1.29E-030.52 %1044 (1045 |-006 %
4 |[FLANGE4.6 |2.45E-03 |2.49E-03}-1.44 %l175.1 |1742 |0.55 %
4b [TSSTR.34140(5.46E-05 |5.66E-05|-3.70 %1917 |1948 159 %
5 |OP.1101  |4.75E-03 |4.76E-03-0.12 %lg7.84 1871 |0.84 %
6 |oP.1301 5.05E-03 |5.10E-03-0.89 %[104.04 103.0 [1.03 %
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Typical output

All boundaries effect to a single node

~

Diffusion
nodes

|

HEEEEPAND/ EEEEEEE]
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Boundary

F(Hz)
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Gain of all the boundaries ===

to a single node

Magnitude - frequency for the node (OF.1102) PO
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Phase of all the boundaries ===

to a single node

Fhase - frequency for the node (OF.1102) PO
1 i il 1

phase (deg)
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Gain of boundaries on a single node (of

the Optical bench) at 10 Hz

Diffusion /LJ.'!!!!!!!!!!!!!!
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Gain due to the struts only on the Optical bench -

nodes (at 10*Hz)

OP Attenuation
Option 1 (nominal)

W 1.39E-05-1.47E-05
@ 1.31E-05-1.39E-05
O 1.23E-05-1.31E-05
0O 1.15E-05-1.23E-05
01.07E-05-1.15E-05
09.90E-06-1.07E-05
09.10E-06-9.90E-06
m 8.30E-06-9.10E-06
| 7.50E-06-8.30E-06
m 6.70E-06-7.50E-06
m 5.90E-06-6.70E-06
m 5.10E-06-5.90E-06
m 4.30E-06-5.10E-06
m 3.50E-06-4.30E-06

1 2 3 4 5 6 7 8 9 10

Column

* In phase effects are considered as worst case
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Trade off among mounting options

| | Option Tnominal | Option
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Gain due to all the boundaries omr -~
Optical bench nodes (at 10*Hz)

o 0.02100000-0.02200000
. @ 0.02000000-0.02100000

Total Attenuation on the OP £ 0.01500000.0.02000000
au \\ O 0.01800000-0.01900000

S8 O 0.01700000-0.01800000

\ s7 @ 0.01600000-0.01700000

\ ® 0.01500000-0.01600000

S6 m 0.01400000-0.01500000

\ @ 0.01300000-0.01400000

S5 ROW |m 0.01200000-0.01300000

\ I @ 0.01100000-0.01200000

\ \ S4 O 0.01000000-0.01100000

s3 @ 0.00900000-0.01000000

\ m 0.00800000-0.00900000

S2 O 0.00700000-0.00800000

— @ 0.00600000-0.00700000

S1 @ 0.00500000-0.00600000

12 3 4 5 6 7 8 9 10 m 0.00400000-0.00500000
Column O 0.00300000-0.00400000

0 nAmNANON N AnBnNANA
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Conclusion SR A

e Linear system theory has been successfully
applied to alinearized TMM.

e Test cases have shown a very satisfactory
agreement, under a heterogeneous set of test
cases (steady state perturbations, transient
perturbation at different frequencies).

18" Workshop on Thermal and ECLS Software-ESTEC, 5-6 October, 2003

Carlo Gavazzi Space S.p.A. '

CARLO GAVAZZI

F(s), or THE MATRIX A

 The Transfer Function matrix, once calculated, allows
— trade off evaluations

— Checks possible to the PI, without any thermal tool (it is a
matrix, sometimes called THE Matrix)

e TheMatrix isa“ddiverable”

 Itispossibleto apply any combination of disturbances
with algebraic only computation effort
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