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A distribui¢do de temperaturas em um satélite precisa ser monitorada.

* Elementos do satélite podem requerer aquecimento e/ou controle estrito
de temperatura.

{ Telemetria }

~ ~ T
Sensores - ~ N
rermopat —>  Aquisi¢do —>f Controlador
RTD
N Y L )
\_ Termistor )
Termostato W Aquecedores
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Termopares

Basicamente, consiste de dois fios de materiais distintos
conectados em uma extremidade, que submetida a uma
temperatura produz uma diferenca de potencial na
extremidade aberta.

Metal A @ Metal C f 0 Metal A
Eap
- G
Metal B ﬁ Metal B %
The SEEEE&KézFFECT exp = SEEBECK VOLTAGE
\ Figure 3

Thomas Seebeck, 1821.
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* Termopares: principio fisico.

Se Ty>Ty emo E>E

Ciclo de Palestras Sobre Controle Térmico de Satélites - Sens. de Temp., Aquecedores, Termostatos e Cont. Est. S6l. - Dr. Fabiano Luis de Sousa - 01/09/2003



MINISTERIC DA CIENCIA € TECNOLOGHA
INSTITUTO NACIONAL DE PESQUISAS €SPACIAIS

* Leis basicas dos termopares

o

Ta

Ta=Vi+ V2
T i
(b T | B

() :
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A tensao na extremidade aberta ¢ funcao das temperaturas nas
extremidades fechada e aberta.

—— / N
] Cu Ijé_\ T
* Como medir a temperatura? = Y p—
-o_—F—— C _
o I:[l‘é_// %

Ja
EQUIVALENT CIRCUITS

Cu + = Cu Cu

J; v v :‘/\;'1
T Cu \y_ C S (VA V=(V,-Vy)) =a (T)-Ty,)

Jg J?

—

o depende da temperatura
Juncio de referéncia
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» Temperatura de referéncia mais precisa: Banho de gelo.

Voltmeter |

lce Bath
EXTERMNAL F&E_EEF&ENGE JUNCTION

» Termopares sao calibrados para esta temperatura de referéncia.
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Outros tipos de materiais dissimilares: juntas adicionais.

lscthermal Elock

Cu »-_@} Fe

Por J3 € J4 na
mesma temperatura.

>
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 Em um satélite ndo vou ter um banho de gelo para usar como
referéncia:

| |sothermal Block Cu | !
| . - HI i l
Il § Vi s
o | v | J3 I r—> 1
D% Ja . LO |
LO | |

PRy ol e A2 Y
Trer Isothermal Block Isothermal Bloc k @ Trer
ELIMINATING THE ICE BATH JOINING THE ISOTHEEMAL BLOCKS
Cu Fe C _ _ Cu C
[S/_L:::iv_z] erEF o Block Temperaturs = Tgee
TRer | Cu J
LAW OF INTERMEDIATE METALS | ] Fe
_ +3’LEII6\‘ @ N )
+ o Cu i__\;_]: Fe >J ::> _CL_.—E:Q’/ @Jd = _ 1
aCu | ¥l ¢ ! el K %
i \/Jd I Valtmeter | t.RT-&;
Trer EXTERNAL REFERENCE JUNCTION-NO ICE BATH
EQUIVALENT CIRCUIT

Ciclo de Palestras Sobre Controle Térmico de Satélites - Sens. de Temp., Aquecedores, Termostatos e Cont. Est. S6l. - Dr. Fabiano Luis de Sousa - 01/09/2003



MINISTERIC DA CIENCIA € TECNOLOGHA ' '
INSTITUTO NACIONAL DE PESQUISAS €SPACIAIS '

@

Compensag 5'0 por SOftware : Block Temperature = Tgep

1) Mede T e infere V N

ref » +dLEI @
2) Mede V e calcula V, = (V-V ), DU_E@ o Vi e,

I @ﬁa C - E%
3) Converte V, em Tj,. vlimeter | <1

T

EXTERNAL REFERENCE JUNCTION-NO ICE BATH

Compensagao por hardware ou “ponto de gelo eletronico”:

Cu

Cu

[ N B

:
¢

Ly 11

v
.

r—-——t——— = —

et R _ .
Pt
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e Variacdo de o com T

E
’r Typs hetals

+ -

Chromel ve. Constantan
Ironvs. Constantan
Chromel va. Alumel

Platinum ws. Platinum
13%: Rhodium
Flatinum vs. Platinum
10%: Rhadium
Copper ve. Corstantan

Jd
Vi~

{ A R

0" 5O0OF 10007 15007 20000

Temperature “C

THERMOCOUPLE TEMFPERATURE
VS,
VOLTAGE GRAFPH

= w DES~mMm
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E Lirgar Regipn
[SdeTept)
=40 ./ . ER//
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]
L1
-|—|__|.|I|I
=
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Tempsraturs "C

SEEBECK COEFFICIENT vs. TEMPERATURE

* Uso de polinomios para interpolar curvas: n =9 para £ 1 °C.
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 Escolha do tipo de termopar.

Tir.nn Elementa  Elemento Poder Faixade | Vantagens Restrigies
positivo negativio Termoel Jtemp. usual
a 25
(LY )
T | Cobre Constantan 40.5 -184 a - Resiste a atmosfera corrosiva - Oeidagao do cobre acima de 310 20
3707 - Aplicavel em atmosfera redutora ou
cxidante abaixo de 3 10°C
- Sua estabilidade o torna atil a em
temperaturas abaixo de 0°C
K | Crome Alumel 40.5 0a - Indicado para atmostera oxidante - Vulneravel em atmosferas
[260°C | - Para faixa de temperatura mais elevada redutoras, sulfurosas e gases como
fornece rigidez mecinica melhor que os tipos Ha e Hal,
5 ou B e vida mais longa do que o tipo J
J Ferro Constantan 52.0 a - Baixo custo - Limite maximo de ublizagao em
T60°C - Indicado para servigos continuos até 760 °C atmosfera oxidante de 760°C
em atmosfera neutra ou redutora devido a rapida oxidagio do fermo.
E [ Crome Constantan Gl.0 0a - Alta poténcia termoelétrica - Baixa estabilidade em atmosfera
BT0°C - Os elementos sao altamente resistentes a redutora
COITosio,
5 | Platina Platina 5.8 Oa 148070 - Indicado para atmosferas oxidastes - Vulneravel a contaminagio em
|04 Radio - Apresenta boa precisio a altas temperaturas atmosferas que nio sgjam oxidaskes
- Para altas temperaturas, utilizar
isolamento de alumina
| Platina Platina 6.0 Oa [480°C) idem anterior idem anterior
3% Radio
E | Platina Platina [0 B0 a - Melhor estabilidade que os tipos S cu R - Vulneravel a contaminagio em
D% Radio 6 % Rodio a | 705 °C | - Melhor resisténcia mecinica atmosferas que nio sejam oxidantes
B0 A - Mais adequado para altas temperaturas do - Utilizar isoladores e tubos de
que os tipos S ou B protecio de alta alumina
- Mio necessita de compensagio de junta de
referéncia se esta nio exceder a 50°C
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 Consideracdes praticas:

* Instalacdao do termopar.

e Ruido.

 Baixa qualidade da solda da juncao.

» Descalibracao.
 Manuseio dos fios.

e Curto circuito.
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Termoresistéencias ou Termometros de Resisténcia

« Operam sobre o principio da variacdo da resisténcia elétrica
do material com a temperatura.

RTD: Usa um metal como | | Termistor: Usa um
elemento sensor. semicondutor como
elemento sensor.
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RTD “classico” usando platina (C.H. Meyers, 1932).

. o . Elemento envolvido em
Fio de platina. +«— um involucro de vidro.

| Suporf;e de mica.

MYERS RTD CONSTRUCTION

_________________________________________________________

RTDs , Similar ao classico, mas bifilar, usando diferentes
atuais tipos de suporte e selado com vidro derretido.

» Em formato de filme.
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* Materiais usados como sensor para RTD.

METAL RESISTIVITY OHM/CMF

temf = cireular mil foot)

=old ALl 13.00 [ Raramente usados
Silver A 8.5

Copper LI 0 25 — Barato
Flatinum F't 59.00

Tungsten W 30 .00 — Altas temperaturas
Micke i 3R 00 — Barato, ndo-linear.

* Tipo mais usado: PT100 (elemento sensor de platina com R =100 Q a 0 °C).
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 Medida da resisténcia do RTD.

+ \Sg‘il:l‘-'h'l
Lead R=50 ‘ﬂ: __? %_; : ) gHTD
™ A f
100 0 RTD — AL
Lead _ ff RTD \: "
R=5(1 \Jr .
EFFECT OF LEAD RESISTANCE WHEATSTONE BRIDGE —— .%@MG : §
1 , :
» Ponte adiciona nao-linearidades.
. . . + c‘
* QOutro tipo de circuito —i=0
de medida ! T @ DI _ 100 W RTD
+—i=0

4-WIRE OHMS MEASUREMENT
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 Consideracdes praticas:

e Instalacao do RTD.
 Ruido.

» Descalibracao.

e Manuseio dos fi0s.

e Curto circuito.

* Mais fragio que o termopar.
* Maior que o termopar.

» Auto-aquecimento.
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Termistor

O elemento sensor ¢ um material semi-condutor (por exemplo, uma mistura
de 6xido de manganes, niquel e cobalto).

* Resposta altamente ndo-linear: alta sensibilidade.

/ Coeficiente pode ser negativo ou positivo.
A

Thermistor

o R

RTD
/Therm-x-:-L||:-Ie

-
_I_

« Alta resistividade facilita leitura da resisténcia. Valor tipico: 5 kQ a 25 °C.
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 Consideracdes praticas:
e Instalacdo do termistor.

» Mais fragio que o termopar € o RTD.

« Mais susceptivel a descalibracao.

 Faixa estreita de utilizacao: normalmente entre -40 ¢ +150 °C.

« Norma para uso espacial: NASA S-311-P-18.
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Termopar x RTD x Termistor

Thermocouple

VOLTAGE

TEMPERATURE

RTD
_/W—

e

-
-

RESISTAMC

T
TEMPERATURE

Thermistor

_/‘v’\_

A

CE

RESISTAMC

T
TEMPERATURE

Advantages

[] Self-powerad

[ ] Simple

[ Rugged

[] Inexpensive

[ Wide variety

[] Wide temperature
range

[] Maost stable

[ Mast accurate

[ Mare linear than
thermocouple

[ ] High output

] Fast

] Two-wire chms
measurement

Disadvantages

[ Mon-linear

[] Low valtage

[ | Reference required
[] Least stable

[ ] Least sensitive

[ BExpensive

] Current source re-
quired

[ 3mall AR

[ | Low absclute
resistance

[] Self-heating

[ Man-linear

[] Limited temperature
range

[] Fragile

[ ] Current source re-
quired

[] Self-heating
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Alguns exemplos de sensores comercials

Termopares g)‘_" Eggra-,.i_—

—
Thick Film Cmega Film Element

— e Thin Film Omega TFD Ekmeant

Glass s=aled Biflar Winding

_ omega.com® RTDs
ome ga LCO0M B Your One-Stop Source for Process Measurement and Control!

Your One-Stop Source for Process Measurement and Control!

Mil Spec GSFCS - 311 - P-18 Discrete Thermistor Product Code: PC153 Bare Lead Thermistors Teflon Covered Thermistors

Introduction Features Groen Az nptance Dot Green Aeceptance Dot Jarton Tute
NTC Thermistor soldered to 30 AWG Solder PLated Copper. Unit is coated * Resistance values @250C: 2.2K , 3K i / - J—(F%—J’
with an epoxy resin. , 5K, 10K & 30K. _L_(J:r\—__\\ 51 rrmr.ln—-|

2.4 mmDia, Max. /

Betatherm is approved on the ESA QPL since June 2001. Betatherm has
PP Q * Tolerance values: £0.19C & £0.20C ) 2.8 mm Dia. Max.
manufactured 'Flight Components'for the European Space Commercial Type 5 Lead Configuration

Type E Lead Configuration
from 0°C to 70°C. 32 MG Tinned Soild Capper V) II 22 NG Tirnedd Sclid Copper Wire-7.6 cm Min.
Programme since 1994.

Type N Lead Configuratior’

E/Eﬂmplj SE‘!‘!SI"\!"S * Manufactured to Mil.Spec. 'GSFCS- 9 NG St Hickel Insulated

311-p-18".

snape and Dimension TEMPERATURE SiQOLUTIDRNS Insulated Lead Thermistors
* Wire Conductor: Copper, Nickel or Croan A S
|l 76 +/- 3.0mm _ | Stranded.
| | * Wire e: Insulated or Non- —r
[ P 2.8 mm Dia. Max.

Insulated.
24mm

Max  ® Wire Size: 28 AWG to 32 AWG.

L]

[ -
E "\ AWG Solder Piated Copper .
[‘ermistors

Typs A Lead Configuration
28 WG Siranded TefzekInsulaied 'Wire-7.6 on Kin,

Typa T Lead Configuration
28 WG Siranded Teflon-Iisulated Wi-7.6 cm Min,
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Aquecedores elétricos (heaters)

Planos: utilizados para aquecer Cartucho: utilizados para aquecer

equipamentos componentes que exijam altas

ou partes do satélite. temperaturas, como em micro-
propulsores a hidrazina.
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SURFACE/SHAPE

MINCO

Thermofoil™ eiched foil healers

# Fuoil alamant
# Unitarm haat pattarns

# Parmits complax shapeas and prafiled haat
paftarns

# Thin, small band radius
A SR

Aquecedores Planos

rubbar, mica, palyastar, FTFE)

# Many insulation options (Kapton™, silicona

# iGN wall gansity
+ Waldad laadwiras

DESIGH FEATURES

TYPICAL APPLICATIONS

AVAILABLE ELEMENTS

FLAI

A

anar
cylindrieal
conleal

= 1o Everly disnlbue hear we flae surfices

In-flight meal rays
starilizing mecieal soulpment

single & muli-layar eched clreule
single & muhl-laer wie wound

MOLDED-T-5H

=
—

Y

curvesd eyl indrical anass
complex 30 shapes

= malded 10 cusem
conilguralonsspa ilcatlons

aerospace o ecironies
alreraft palley eqqul pmem
copy machines

thermal priniers

single & mull-layar etched elreal
single & mulhi-layar wine wound

SPIRAL YWEAF

%

o untizrm heat distd buton
where comples coverags
of matarlal s not nesassary

= 1 prevent plpes from fressng in high
aleiuddes and ecld o Imaies

alreraft wasie disposal sysieTs
Incusiral plplng

single & mull-layer sched creue
single & muhl-layer wie woundd

TRAMSFAREMT

Fy

far araas that resquine clear
display and winaless design

= LEAMEEA TNt N VIEwIng aea [no wines
= VLT propeftles rangs between 800 and 95%
tapplieadon dependent)

gasaling pumps

LCD Insirument panss
refrger ks

surved llanee cameras
windows of fork N irucks

sing le-layer polymer ol reule only

M
BLAMNEET e

warlous

= 1 prowl de afflelent companant heaing
In & cusim conflgaratksn

ceapy machines
potable waeer gk heawars
tharmal printers

single & mull-layer pobmer clreul
slrgle & muhi-laysr wins wound

HI-TERAF

Tl
e
<

warlous

= 13 provd o2 thesmal sablliey s high
EATPEEWIES (Up £ 55075

HI-E&l | ouigassing

single & muhl-layar sched reun

Ji= Ermwood
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 Para uso espacial sao usados aquecedores de Kapton

Maximum watt density, Kapton™ heaters
&_ > TMOUNTING METHOD 85
50— e . - 7.8

i
3
i w \‘ %
w=> 45 4 - 7.0
#15 L
HK913 Heater Kit E E 2o By \_ \ ;“ 6o =
[ I'IK913 P HK913 N HK913 M HK913 L HK913 K HK913 J H E A5 BH& Shm M 3 "I‘ 'l.i' ea ﬂ
solder pad o 3 ] . =
<5 30 Acrylic PSA \‘ \ S a7 S
3 weoos A NI RS ] 0 &
o 32 %7 #20 Streich Tape % % [ 39 &
= E 20— ---_—/-;“ ‘,' - 3.1 E
2 15+ Acrylic PSA ) Y 23 2
— L] [ ]
[15 [25) [38} [43) 26 (68) ﬁ E 10+ HEATER: “\ b= -|.. — 1.6
15 (38— (i6) }-— 15) " = E 5] 0.002' KAPTON (0.05 mm) ‘.‘ "-. L 0.8
0.001* ADHESIVE (0.03 mm) % \ 3
= 1 [}
- T ; D I 1 I I I .I | - n
(48} -200 -150 100 -50 0 50 100 150 200°C
l -328 -148 32 212 J02°F
* HK913 A HK813 B HK913 C HK913D HK913 E HK913F HK913 G HK913 H HEAT SINK TEMPERATURE
Dimensions in inches (mm) Example: At 50°C, the maximum power for a heater mounted

MINCO with acrylic PSA is 18 Wjin®.
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Pressure-sensitive adhesive (PSA) and #17 film

m g H-mham * Hﬂuﬂ.ﬁ. rm'a-di:l
ﬁn T L Fhmlfamanrljt.l_limu

= -I. r

With factony-appied FEA, you simply #12P8A ¢ Flat or slighily curved El 265
remove the backing paper and press the Ui (0. 105 mamy) sataces

hedter in place. slicone m

Epoxy and cement

BM3 shrink band -73t0149°C 4 To order, specify band  El 103
Polyester strip -100 to 300°F width and cylinder
diameter

Eam shrink band 1% tt::-;g“g

ton stri = to i

Shrink bands are pre-siretched sirips of ! . :

film with adhesive coated ends. Wrap #20 stretch tape -51 to 200°C 4 Comes in 6 or 36 foot El 124
, Self-fusing silicone 60 to 392°F rolls, 1° wide. Figure 25%

Stretch tape installs quickly with no heat -

roquired length required.

*|nstallation instructions and AA #22 available at www.minco.com/support  .uis de Sousa - 01/09/2003
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I ° USO de aquecedores

planos: Consideragdes
praticas.

*  When ever possible, use aluminum tape on top of heaters to help
overall heater temperatures.

» Without tape, the emissivity of Kapton is high compared to the aluminum. An
independent analysis showed that 50% of the heat into the system will be radiated
by the heater to the environment. Aluminum emissivity much smaller.

» Aluminum allows for heat to spread from hot spots to cooler ones.

« For MIL-STD qualification criteria, heaters with bubbles over through
holes should not operate with a flux above 3 W/in? for any
environment.

« For commercial satellite acceptance, a bubble diameter of 0.5 should
be used as an criteria for bubbles formed during installation.

» With 4 W/in? and an environment temperature of 20°C, the maximum heater
temperature reached 190°C.

« In all cases, special attention should be given to heaters during

installation to eliminate any bubbles or irregularities in heater bonding.
Fonte: Cabral, 2003.
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Aquecedores do Tipo Cartucho
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Augmentation Heater
Mounted to heat exchanger cavity, this device generates

temperatures to 4,200 deg. F. Orbital life duty cycle is 12
years. Over 86 separate pieces of hardware are used to
manufacture the complete heater. Materials include tungsten,
thoriated tungsten, TZM, inconel 600 and ceramics.
Augmentation heater is an integral part of advanced satellite

Cartridge Heater

Cartridge heaters use an innovative free-
standing coil heating element to survive
extreme temperature cycling and vibration
exposure. Light weight: The heater shown
weighs .024 pound (10.9 g). Operating

temperature: 0 to 1700 deg. F. P )

. A 2 = propulsion system. Two heaters are mounted to a thruster heat
Used on numerous satellites as a catalystbed .7 b SN ) : .
heater 74 exchanger cavity where exhaust is super heated to provide

ENGINEERING, INC. extra thrust. This additional thrust substantially extends the life
of the satellite.

Ciclo de Palestras Sobre Controle Térmico de Satélites - Sens. de Temp., Aquecedores, Termostatos e Cont. Est. S6l. - Dr. Fabiano Luis de Sousa - 01/09/2003



MINISTERIC DA CIENCIA € TECNOLOGIA

INSTITUTO NARCIONAL D€ PESQUISAS €SPACIAIS

Controladores
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Figure B

ACTUAL

MINCO

CT258 (Dual)

Bimetallic disc
used to hold contacts open

Figure A

miniature Heaterstat controllers
CT281

Minco can furnish SIP or
DIP packages using
remote digital setpoint
adjustment.

Controle por software
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Alguns novos produtos

All-Polyimide

“Bolt sensors” (RTD) heater
heater/adesivo -

/ / 4 ||260°C.
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Controlador integrados

Sensores planos RTD 10kQ
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