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CONCEPTION AND OTIMIZATION OF AN INFRARED THERMAL

SENSOR USING THE VALUE ANALYSIS METHOD

Mirio Marcos Quintino da Silva
Luis Antonio W. Bambace
Instituto de Pesquisas Espaciais - INPE/MCT
Sao José dos Campos - C.P, 515 — 12200 - S3c Paule - Brasil

ABSTRAC?

Infraved sensors are necessary in infraved simulation of satellites. The
methodelogy of Value Analysis 73 used to obtain better sensors than the
available in the market with lower cost and same or even better performance,
taking into account the restrictions of the project inside the facilities.

1 -~ INTRODUCTION

The Value Analysis consists in a
methodology of group work created to make
products become more rentable by decreasing the
cost without loosing the quality or
incressing the quality without the proportional
increase in cost. The great advautage over the
usual systematic of project is te allow how to
quickly find the critical points and how to
generate a pgreat number of potentially wiable
alternatives to supply the functions of these
points.

The first step of the method consists in
the Functional Analysis. This means the
complete determination of all functions for
each component of the system or product
followed by the separation of a subconjunet of
these funerions named Critical Functioms,which
allow to easily optimise the cost-benefit rate.
One may take several methods to choose the
Critical Functions. In this work the Numeric
Functional Evaluation is used because the
literature indicates it as the more conveniernt
for projects development.

After that, there is a step of Creativicy,
in which one tries to generate the largest
possible number of alternatives to supply each
critical function separately. This can be made
by some methods, like the brainstorming and the
6-3-5. In this work, the brainstorming is used
in a first step with high degree of freedom
and lately the 6-~3-5 in a feedback of the whole
process of Value Analysis, with lower degree of
freedom.

The next step consists, at the same time,
in the formulation of executable alternatives
and in the study of technical~economical
viability of the alternatives all together.

Once obtained the potentially interesting
alternatives, it is necessary to choose the
best group, restricted to a number that zllows
a study in detail of all of them. This is the
most delicate step in the process, because a
great number of solutions is uswally generated,
Algorithms like the K.T. are used to select
them.

Finally, the results are shown tc the
‘management in charge of the execution of the

project for approval, already out of the
Value Analysis process.

The parameters about cost, accuracy and
way of working were established facing the
sensors used or in development at ESA and SPAR
{Canada} in the I.R. {infrared} simulation at
satellite level. The study of these sensors
allowed to discover the functions of each
component and te understand the measuring
process under transitory conditiens of the
SENSOY .,

The purpose of this work is to obtain
‘construction configufations for I.R. sensors
compatible with the available resources at
;INPE that present equal or even better
‘performance as that of the guide—sensors.

As a notable contribution of this work, it
appears the Value Analysis methodology
divulgation in the Research and Development
area, where it is not usually employed, with
an applicative example with confirmatory
efficient results, what may inspire new
applications. Besides that, the sensors
obtained leaded to the development of the
sensors used in the I.R. simulatien of the
‘thermal models of the satellites (and
components) of the Brazilian Complete Space
Mission (MECE).

2 - DESCRIPTION

This work started with the sketchs of the
sensors manufactured by SPAR and ESA, shown by
the sketchs in figure 1.

The SPAR sensor is designed to give
measures during its transitery behaviour and
not only under steady state conditions, by an
efficient fitting of the thermal model with
identification technics for dynamic systems.
For the I,R. thermal simulation of satellites
nearly 50 sensors are necessary, with response
independent of X (wavelength}, operating under
vacuum conditions and with net very high cest,
qualities of the sensor example at a cost of
US $ t00 each,

One of the authors of this paper worked
at SPAR Aerospace with thermal amalysis. So,



sensors development at INPEwere guided to _
analog sensors, teking into account the lower
expense and logistic advantages (reposition and
know-how) .

Taking into account the differences in
texrms of material resources between SPAR and
INPE, the example sclutions are not necessarily
the best for serial production at INPE. Besides
that, the layout of SPAR sensors appearsnot to
be the result of optimization process. This
indicates that the employment of Value Analysis
in two steps may lead to better configuratioms.
The first step is processed with high degree
of freedom and the second works like a fine
setting.

The first step in Value Analysis is the
Functional Analysis. Here usually one takes an
example product and understands in detail the
developed functiens (by the ensemble and
components).

In this work, it is made at the same time
a functional decomposition of different
manufacturers to discern ail functions in
judgement to allow a creative process with
new ideas. The decomposition sketch is shown in
Figure 1:
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Fig. 1 - Sketch of I.R, thermal sensors
available in the markets.

Proceeding the Value Analysis, the search
of critical functions is processed. These are
the most important functions or those that can
support larger alterations. They are
consequently those where modifications can
hold larger effect over the whole system
performance.

The Critical Functions were established via
Functional Numeric Analysis with a work group
of 7 persons. The resume of results is showed
afterwords in Figure 2,
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Fig. 2 - Determination of the Critieal
Functions.

Ta select from the diagram the Critical
Functions, the ABC systematic was employed with
nunber of function suitable with the
performances showed by the averages obtained.
The following items were selected:

- absorb radiatiom,
indicate flux,

~ establish gradient,
~ transmit signal.

After that, in a first cycle, a
Creativity Phase is processed, where for each
function in separate, the greatest number of
ideas to accomplish them is searched. The
method for that was the brainstorming. The
results are shown next.

A - PROPOSITIONS TO ABSORB RADIATION

A.1 - paint

A.2 ~ agnodization

A.3 = black gold

A4 - scratch + paint
A5 - glass

4.6 ~ InSi0,

A7 - MgD

A.8 - vaporized siliea
4.9 - vaporized teflon

B - PROPOSITIONS TO INDICATE FLUX
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photometer
galvanometer
computer program
quantic sensor
thermistor
thermopile
thermocouple
mechanie sensor
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C - PROPOSITIONS TO ESTABLISH GRADIENT
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C13-
C.14 -

C.t5 -
C.16 -
ca7-
cad-
c.19 -
c20-

c2i-
C.22 -

C.23 -
C.24 -
C25-

C.26 -
C.27 -

plate lifted by needles + metallic
body

two plates lifted by needles +
metallic body

superior plate at the same level of
metallic body

superior plate higher than metaliic
body

C.2 + MLT in intermediary plate

two plates separated by MLI

two plates separated by MLI + spacer
base insulation with MLI

active control of base temperature
passive control of base temperature
plainting the wires on the MLI
special fixation of wires om the
Spacers

plates separated by 2 M.I's and
intermediate spacer

3rd temperature reference far out of
the sensor

active control for distant reference
spacer = tulle

sSpacer = spume

spacer = frame (board)

spacer = cubes

metallic strip to prevent radiative
trap

tulle to prevent radiative trap

thermocouple fixed in the center of
the plate

thermocouple fixed near the board of
the plate

thermocouple fixed halfway between
the center and board of the plate
spacer at upper position

spacer at lower position

two collateral plates over MLI

D ~ PROFOSITIONS TO TRANSMIT SIGHAL

D.1 -
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wires

wave-guide

radio

antenna

optic fiber

light and colors
heat
eletromagnetic wave

At this point of the work, it is necessry

to discuss, still at the level

of each

function in separate, which ideas effectively
satisfy the functioms, that are executable and
do not demand investiments or resources not

available. This part of the process is named

FIRE (Functiom, Investment, Resources,
Executability).

Concerning the function "Absorb Radiatiom"
the solutions Z;8;0, (not available in the
national market), glass (high thermal mass) and
scratch + paint (plate too fine) are
unconsidered,

Due to the same reasons, the ideas
photodiode, photometer and quantic sensors
(response dependants with the wavelength of the
incident radiatiou} and thermopiles and
mechanic s¢nsors .(unitary cost too high) are
abandoned.

For the function "Transmit Signal", only
the alternative "wires" is effectively wviable,
keeping opened the physical characteriscics
like material, diameter, longuess and coating.

Concerning the function "Establish
Gradient”, however, it is not possible without
an accurate study to elimirate any alternative.

At this point, it becomes necessary the
formulation of alternatives for the whole
ensemble. This is made crossing the ideas for
each function with the other funections,
verifying their executability. The board that
appears in Figure 3, named Morphologic Analysis
Board, resumes all executable configurations
for the final product.
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Fig. 3 ~ Morpholegic Analysis Board.



4s the Morphologic Analysis Board imvolves
a very high number of possible configurations,
firstly one starts an evaluation type K.T. for
the possibilities of each function separately
and, later, a conjuuct anaiysis using the same
algorithm,

The function "Absorb Radiation” is
initially discussed, Firstly, to give support,
a table showing the advantages and
disadvantages of each alternative is built.
This table also includes possible compensatory
actions that may eventually generate new
solutions. Introducing judgement criteria, the
best alternative is selected. The tables used
are shown next in Figure 4.
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Fig. 4 - K.T. algorithm to select best
alternatives.

Analog treatment is given to all other
functions. In the specific case of the function
“Establish Gradient", there are two groups of
alternatives with very different conceptions.
Both groups are therefore kept. A previcus
qualitative analysis is wmade in order to reduce
the number of alternatives lefr to the end of
the procedure.

For the conceptions mainly based on MLI,
it becomes obvious that the combinations
started by C7 + €25 in the "tree" are
technically better with minimum increment in
cost. The other branches are then eliminated.
As tressing wires on the MLI causes decreasing
in efficiency (needing a larger number of
layers), the alternative C11 is unconsidered,
Due to the efficiency of MLI insulation and
high cost of active control, the aption €9 is
abandoned. Finally, as the empleyment of tulle
like spacer is the most convenient, the options
Ct7, C13 and C19 are eliminated, as well as the
bypass C11. As the location point, where the
temperature sensor is fixed to the plate, does
not alterate the fimal cost and reguires
accurate modelation, it will be lately decided.

Concerning the conception ESA~SPAR, the
alternative with sensor plate oVer the metallic
body is better because it involves not seo
strong toleration and is easy to fit,

Facing the restrictions of space, the
board of technical viability and the KT are

not presented.

Finally, it was concluded that the best
six configurations are:

€27+ C16+~C12+C10+C21 rate ,29.8
C16+C7 +C25+Ci12+C10+C21 rate 29.5
C16+C7 +C25+C12+C21 rate 28.8
C27+C16-C12+ 10+ C20 rate 28.5
C16+C7 =025+ (C12+C10~+C20 rate 28.3
€5 +C4 »C8 +C10 rate 27.6

To fill the function "Indicate Flux", the
thermocouple ig the best option. It is available,
eagsy to work and ecomomises cables of feedthrough
in an environment of thermo-vacuum chamber, there
is no obligation to calibrate it, and it has:
low comparative cost.

Mext, the best configuratiouns are
presented in Figure 5.

Fig. 5 - Configuration of the sensors obtained
from the application of the Value
dnalysis method,

3 - CONCLUSION

The Value Analysis method allowed to
generate a preat number of viable alternatives
for the desired I.R. sensor design, from where
it was possible te choose a reasonable number
of configurations, certainly better .than the
already existent in terms of cost and
technical viewpont.

Then, it is possible to conclude that the
methodology is effectively usefull in the
field of Research and Development, where the
parameter cost is not important every time.

The greatest difficulty is in the
seleccion of the alternatives, due to the
great number of them generated by the method,
what happens because of personnel deficiencies
and training requirements for the process.
Experience shows that a selection made by
people not invoived in the idea generation
process is ineffective, because it isdifficult
to understand the ideas,



