APPLICATION NOTE

THERMAL CONTROL SYSTEMS

Background

Thermal control systems are essential to keep
allequipment within an acceptable temperature
range throughout all mission phases on
satellites, space rovers, and manned space
exploration vehicles. Space craft equipment
design temperatures vary from -270°C up to
+125°C. Most systems are significantly less
reliable when operated outside their designed
operating temperature limits. Propellants,
such as hydrazine can freeze. Instruments,
antennas, and camera alignment accuracy
is dramatically impacted. Flex circuits can
become brittle and fracture. Other components
can be damaged by extensive thermal cycling.
Thermal control subsystems can be comprised
of both passive and active elements. These
elements work in conjunction to either protect
equipment from overheating or extreme cold.
Equipment can overheat from external heat
fluxes generated by the Sun or planetary
infrared and albedo flux, or as a result of
improper heat removal from internal
sources such electronic
equipment.Equipment can
also become too cold
if in the shadow of a
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and thermoelectric coolers. These active
thermal control components are often coupled
with passive elements to provide a complete
system. Designers must consider the operating
temperature range and survival temperature
range. They also must consider temperature
stability and uniformity, as well as switch on
temperatures.

" *s¢° Sensata

Technologies

SENSATA HERMETIC THERMAL SWITCHES USED IN SPACE-CRAFT

Solution

Since the earliest days of the US space
program, thermal designers have counted
on the reliability and range of Sensata
KLIXON® hermetically sealed bi-metallic
thermal switches. They are the ideal solution
for controlling space vehicle active thermal
control  subsystems. Sensata  hermetic
thermal switches are qualified products per
MIL-PRF-24236, which are further screened
to NASA Goddard S-311-P641. This NASA
document and detailed specifications
establish the general requirements for
thermostatic switches intended for use in
space environments and sets forth additional
screening beyond that required by MIL- PRF-
24236.

The Sensata thermal switch product portfolio
allows designers to meet specific needs for
the thermal mangement systems for almost
any mission. The 11041 series (G311P641/05)
allows for the widest temperature range and
current handling capability. The M2 series
(G311P641/02) provides extremely tight
temperature control with tolerances as small
as 2 to 4°F. Finally, the 3BT (G311P641/07)
and 4BT (G311P641/06) thermostats provide
the smallest and lightest hermetically sealed
thermal switches available in the marketplace.
Al Sensata hermetically sealed bi-metallic
thermostats feature destined for use on space
vehicles are subjected to additional screening
steps. During assembly, components undergo
millipore cleaning and inspection. Pre-cap
inspection is performed before each thermostat
is backfilled with dry nitrogen and sealed. Each
thermostat is Helium leak tested on a mass-
spectrometer to ensure a maximum leak rate of
1 x 10"-8 cc Helium/second. After verifying set
point calibration, creep, DWV, and insulation
resistance, each thermostat undergoes
mechanical run-in, vibration screening, and
PIND testing. Following successful completion
of all screening tests, initial performance
characteristics are verified. Each thermostat
ships with an end item data packet that includes
a copy of the characteristic sheet, including
actual calibration set points, screening data,
and a certificate of conformance.
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RECOMMENDED PRODUCTS

Product Features

Function Brand

e Temp Range: -55°F to +550°F (-48.3°C to +287.8°C)
11041 e Temp Tolerance: as low as to +/-3°F (+/-1.7°C)
(G311P641/05) e Differential: as low as 12°F (6.7°C)
e Contact Rating: 100,000 cycles at 5A, 30VDC

e Temp Range: -40°F to +235°F (-40.0°C to +112.8°C)
e Temp Tolerance : as low as +/-3°F (+/-1.7°C)

M2 e Differential : up to 2°F to 4°F (1.1°C to 2.2°C) with respect to the close temperature

(G311P641/02) e Contact Rating:
250,000 cycles at 2A resistive, 30VDC/120VAC
50,000 cycles at 3A resistive, 31VDC

e Temp Range: -30°F to +365°F (-34.4°C to +185°C)
e Temp Tolerance : +/-8°F (+/-4.4°C)

o o g * Differental - 30°F (16.7°C
e Contact Rating: 10,000 cycles at 1A, 30VDC/115VAC, 10,000 cycles at 10mA,
30mVDC/30mVAC
e Temp Range: -30°F to +365°F (-34.4°C to +185°C)
3BT ° Te_,mp Tol_erance - +/-8°F (+/-4.4°C)
(6311P641/07 e Differential : 30°F (16.7°C)

30mVDC/30mVAC

Notes:

e Contact Rating: 10,000 cycles at 1A, 30VDC/115VAC, 10,000 cycles at 10mA,
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1. All contact ratings are shown are based on Sensata standard differential between the open and close temperatures

2. For PIND testing at temperatures below 0°F, consult factory.

Sensata Technologies, Inc. (“Sensata”) data sheets are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Sensata products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains responsible
for using its independent analysis, evaluation and judgment in designing Buyer's systems and products. Sensata data sheets have

been created using standard laboratory conditions and engineering practices. Sensata has not conducted any testing other than that
specifically described in the published documentation for a particular data sheet. Sensata may make corrections, enhancements,
improvements and other changes to its data sheets or components without notice.

Buyers are authorized to use Sensata data sheets with the Sensata component(s) identified in each particular data sheet. HOWEVER, NO
OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO ANY OTHER SENSATA INTELLECTUAL PROPERTY RIGHT, AND
NO LICENSE TO ANY THIRD PARTY TECHNOLOGY OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN. SENSATA DATA SHEETS
ARE PROVIDED “AS IS". SENSATA MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE DATA SHEETS OR USE

OF THE DATA SHEETS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR COMPLETENESS. SENSATA DISCLAIMS

ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, QUIET
ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS WITH REGARD
TO SENSATA DATA SHEETS OR USE THEREQF.

All products are sold subject to Sensata’s terms and conditions of sale supplied at www.sensata.com SENSATA ASSUMES NO LIABILITY
FOR APPLICATIONS ASSISTANCE OR THE DESIGN OF BUYERS' PRODUCTS. BUYER ACKNOWLEDGES AND AGREES THAT IT IS SOLELY
RESPONSIBLE FOR COMPLIANCE WITH ALL LEGAL, REGULATORY AND SAFETY-RELATED REQUIREMENTS CONCERNING ITS PRODUCTS,
AND ANY USE OF SENSATA COMPONENTS IN ITS APPLICATIONS, NOTWITHSTANDING ANY APPLICATIONS-RELATED INFORMATION
OR SUPPORT THAT MAY BE PROVIDED BY SENSATA.

Mailing Address: Sensata Technologies, Inc., 529 Pleasant Street, Attleboro, MA 02703, USA.
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