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FLEXIBLE HEATERS: DEFINITION

Flexible Heaters are crucial
components for the Thermal
control, thanks to their
versatility and efficiency in the
uniform distribution of heat at
different power densities.

They are widely used in various
parts of satellites or habitable
modules, including propulsion
elements, electronics, batteries,
structures, optics, detectors and
more.
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Since April 1992 Zoppas Industries (ZIHET / IRCA S.p.A.) is qualified by ESA ESCC
4009/002 & 4009/004 as Supplier of flexible heaters, single and double layer, for use in space
projects.

Our flexible heaters have been used in more than 1000 satellites all over the world
manufactured in different geographical areas such as: Europe, Japan, India, US, South
America, Canada, South Korea.
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SPACE IS BECOMING A MORE COMPETITIVE SECTOR Zi| Zoppas Industries
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“Stakeholders are asking for spacecraft that perform better at a
lower cost and with faster development times [...]. We simply

can't afford to custom-develop every component for every space
mission."

Ferdinando Tonicello Source: https://activities.esa.int/cluster/920 5
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ESA COTS
Guidelines

< Informative area--------------------- >

"Low cost - experimental" "Robust" mission

Tvpe mission, with high qualitv / reliability
needs.
Cost Low Low/medium
Lifetime few weeks/months up to 1 year 1to 3 years
Mission references Reliability low to medium High
Radiation = SEE negligible due to lifetime Relevant
il ESEO, R&D payloads, SAT-AIS, Generic Constellation,
e serviceable systems? Technology Demonstrators
Module, equipment or
subsystem function Radiation TID Minor (up to 5Krad) Medium (up to 10-15 Krad)

(Minimum)
Equipment, Subsystem
or System Criticality
Category

Q2 Ql

M Nikulainen | Utilization of COTS in ESA Missions | 17/06/2021

ECSS Q-ST-60
ECSS Q-ST-60-13

"Hi Rel certified" mission

Medium/High

> 3 Year

high

relevant

MEX, GAIA, Bepi Colombo,
Sentinel 1,2,3, METOP SG, EDRS,
Electra, Galileo FOC, IOV...

Medium to High
(higher than 10-15 Krad)




SPACE PRODUCT ASSURANCE | ECSS-Q-ST-60-13C Zi| Zoppas Industries
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“This standard?! defines the requirements for selection, control, procurement and usage of EEE commercial
components for space projects.

This standard is applicable to commercial parts from the following families:

» Ceramic capacitors chips

* Solid electrolyte tantalum capacitors chips

* Discrete parts (transistors, diodes, optocouplers)

* Fuses

* Magnetic parts

* Microcircuits

* Resistors chips

* Thermistors

In addition for families of EEE components not addressed by the present ECSS standard, it can be used as
guideline on case by case basis.”

The requirements for “commercial” heaters are not specified, but
the standard ECSS-Q-ST-60-13C can be used as a guideline

1. ECSS-Q-ST-60-13C Rev.2 DIR1 5 November 2024 7
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ECSS-Q-ST-60-13C defines some acceptable derogations to ECSS-Q-ST-
60 - ESCC requested tests:

ECSS-Q-5T-60-13C Rev.1
E 12 May 29(;]22

8.2 Applicable Procurement test tables

.
8.2a The Test Tables Table 8-1, Table 8-2, Table 8-3, Table 84, Table 8- | New LRI} p rOVI d e d th at th e p a rtS

5, Table 8-6, Table 87, Table 8-8 shall be used for evaluation,

screening and LAT of commercial parts. C O m p Iy W i t h

8.2b Based on the review of representative data, as per 8.2f, the supplier | New

ay an adaptation and a minimizati E th raluati - - - - .
et 1 b sbmited to customer for approval theough the D' representativity criteria:
approval process.

NOTE This permission is referenced in the “S a m e S e ri e " Sa m e
’

Procurement Test Tables as “Note (a)”.
8.2¢c Based on representative data, as per 8.2f, collected in evaluation tests | New r n f I t

and in the JD, the supplier may propose an adaptation and a a ge O VO age,
minimization of these screening tests to be submitted to customer

for approval through the JD's approval process. re S i Sta n C e an d

NOTE This permission is referenced in the
Procurement Test Tables as “Note (b)”.

8.2d The supplier may propose an adaptation and a minimization of | New paC kag eS ; Sam e

these LAT tests, to be submitted to customer for approval through

the JD's approval process, based on representative data, as per 8.2f, m a n u fa Ctu ri n g p I a n t”

on parts not older than 2 years.

NOTE This permission is referenced in the

Procurement Test Tables as “Note (c)”. 8
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In addition to ESCC qualified flexible heaters, ZIHET also offers levels of more
commercial qualifications, such as QM (Qualification Model) and PFM (Proto-Flight
Model), which ensure compliance for in-flight use, while allowing faster response times
and market competitiveness.

Qualification . Description
level i
H -
Same prOdUCt’ Qualification These heaters are provided in full compliance with the applicable ESCC
same p rocess ’ same Heater (QM) spgglflc§t|on s preﬁcrlbed m.aterlal.s and. manufgctunng; a mlnlmal set of
verification steps (i.e. Functional visual inspection, Production Control tests
manufacturin g lines and #ESCC-compliant Final Room Temperature Electrical Measurements) is

performed, to ensure its suitability for functional and environmental
qualification testing.

- Reduced Set Of Protoflight These heaters are provided in full compliance with the applicable ESCC
. Heater (PFM) specification’s prescribed materials and manufacturing; the verification
testl ng campaign is performed on a statistical basis w.r.t ESCC requirements,

according to UNI ISO 2859-1 type G, AQL 0,40 (Burn-in, final visual
inspection, electrical measurements).
ESA qualified Fully ESA-qualified Space Heater, covering all the inspections, controls and
Heater (ESCC) | tests foreseen by the applicable ESCC specification.
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Beyond customized products, ZIHET provides also a wide range
of standard flexible heaters, available in our warehouse in T ——

(SATELLITE - VEHICLE - LAUNCHER
AND GROUND SEGMENT)

different sizes and ohmic values, as immediate solutions for
commercial missions and test equipment.

esistance

Size |Size |Size |Size |Leadexit |[Net heating ?@22“6 wire|Wire Wire Typical power!
PINQM  [PNFM  \y) o) (1) () |size area s length | YP'¢® PO

» The standard heaters are o o o e e e Sy 01 A ]

SC012037Q | SC012037F (12,5 (37,56 (0,49 |1,47 [10x11 2,63 (0,40 |313,6 26 500 [25Wat28V

8C012075Q | SC012075F (12,5 |75 0,49 295 ([10x11 6,56 |1,01 |247.2 26 500 [32Wat28V

avallable for Im medlate SC012125Q | SC012125F |12,5 (125 (0,49 (4,92 [10x11 11,81 (1,83 |139,4 26 500 |[5.6Wat28V

5C025025Q | SC025025F |25 25 0,98 (0,98 (10x14 3,61 |0,55 |392 26 500 [2Wat28V

d eI I Ve ry . $C025037Q | SC025037F |25 37,5 |0,98 |1,47 [10x14 6,49 1,00 |239,1 26 500 [3.3Wat28V
5C025050Q | SC025050F |25 50 0,98 |1,96 [10x14 936 (145 |172 26 500 [46Wat28V
S§C025075Q | SC025075F |25 75 0,88 |295 [10x14 15,29 1236 (1102 26 500 [71Wat28V
$C025100Q | SC025100F |25 100 |0,98 [3,93 |10x14 20,97 (325 |811 26 500 [9.7Wat28V

SC037037Q | SCO37037F |37,5 |375 (1,47 |1,47 [10x14 11,18 |1,73 |150,1 26 500 [52Wat28V

« Th ffered in both
T ey are 0 e re I n Ot SC037050Q | SCO37050F 37,5 |50 1,47 |1,96 |10x14 15,44 12,39 (109,4 26 500 [72Wat28V
SC037100Q | SC037100F 37,5 (100 (1,47 |3,93 [10x14 33,27 (5,15 |52,56 26 500 149Wat28V

Ve rSi Ons ESCC (F M) and Q M SC050050Q | SCO50050F (50 50 1,96 |1,96 [10x14 21,36 |3,31 (80,2 26 500 [9.8Wat28V

SC050075Q | SC050075F |50 75 1,96 |2,95 |10x14 33,36 |5,17 |52,3 26 500 (15Wat28V

10



COTS APPROACH TO ESA MISSION

ESA COTS Guidelines

<mmmmmmmmmmmmem—-——————-Informative area
"Low cost - experimental" "Robust" mission  /
Type mission, with high quality / reliabilify
needs.
Cost Low Low/medium 1
Lifetime few weeks/months up to 1 year 1to 3 years I
2 I
Mission references Reliability low to medium High I
Radiation = SEE negligible due to lifetime Relevant I
ESEO, R&D payloads, SAT-AIS, Generic Constelljtion,
Example . .
serviceable systems? Technology Demonstr atc‘s
Module, equipment or \
subsystem function Radiation TID Minor (up to 5Krad) Medium (up to 10-15 Krad)\

(Minimum)
Equipment, Subsystem
or System Criticality
Category

Q2 Qx

M Nikulainen | Utilization of COTS in ESA Missions | 17/06/2021

\
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Ve =
/ ECSS Q-ST-60 "y _
|__ECSS Q-ST-60-13 Until we
\ get into
"Hi Rel certified" mission \ th e
Medium/High “ E P P L' 2
> 3 Year
1
high 1
relevant !
e || Allour
Electra, Galileo FOC, IOV...
edi -
(oo o oot SPace
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SOC TO ECSS-Q-ST-60-13C PROCUREMENT Zi| Zoppas Industries
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Indeed, our heaters satisfy the «green requirements»:

Tvpe "Hi Rel certified" mission
Cost Medium/High . . .
ST v —> Lifetime: > 10 years Y
Mission references Reliability high . . .
= Reliability: from prev. slide &
Radiation = SEE relevant

MEX, GAIA, Bepi Colombo,

Example Sentinel 1,2,3, METOP SG, EDRS, — Radiation: tested at 1Mrad &

Electra, Galileo FOC, IOV...

Module, equipment or

subsystem function Radiation TID it

(higher than 10-15 Krad)

(Minimum)
Equipment, Subsystem
or System Criticality
Category

12



FORMALIZATION PROCESS WITH ESA: ONGOING Zi| Zoppas Industries
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IRCA S.p.A. is currently candidate to become one of the first
“Enhanced Grade” - EPPL 2 (*) entries, with our QM / PFM /
Stock heaters.

— We are now in the technology flow qualification process.

(*) EPPL: European Preferred Parts List
EPPL-1: ESCC-qualified parts
EPPL-2: Enhanced-grade parts

13
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And concerning innovation...

14
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The heaters are ESCC qualified to operate in a temperature range that can vary from -65°C to +200°C.

Currently, ZIHET has completed the internal qualification of a new product, capable of reaching even higher temperatures

(+260°C).

1 G TEMPERATURE
Max temperature 260°C, or higher for shorts
FLEXIBLE HEATERS periods
PPH Pure Polyimide " SPECIFIC POWER
|: 2 Possible to increase, thanks to max temp and
L. lower thickness
w
=
w
=+ THICKNESS AND WEIGHT
f . \ a‘ 3 No additional layer of adhesive needed. Min
Ongoing: ) 0,05mm
= v
'] ESCC qualification of the o) F- ¥ outcassing
E 4 V' Very low, thanks to adhesiveless solution, almost
new heater «PPH negligible @ T < 300°C
PurePolyimide»
\_ Y, UL LISTED
5 Materials selected will permit UL recognition
@200°C

15



INTEGRATION WITH OTHER COMPONENTS Zi| Zoppas Industries
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ZIHET recently qualified with IPC 610/620 and ECSS-Q-
ST-70-26C certifications to supply assembled heaters
with connectors, to:

When the thermal environment to be regulated is
distributed in small dimensions, and the TRP is located
close to the heater, a product that integrates a heating
element and an ESCC-qualified temperature sensor
(PT100/PT1000/NTC) can help optimize the integration.

An integrated sensor can also help in the ECSS-derating
* Reduce supply times thanks to standardization of rules’ correct application.
connections

» Facilitate the integration of the electrical interface with
the power subsystem

« Simplify the Supply Chain

Ongoing:

N\
Ongoing:

ESCC Qualification of'the ESCC qualification of the
assembly «connectorized

h assembly «sensorized heater»
eater»

16
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Growing Together !

. . m You
zoppasindustries.com

space@zoppas.com
alessandra.marcer@zoppas.com

17
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Backup slides
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OUR QUALIFICATION LEVELS - TEST DETAILS Zi| Zoppas Industries
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B =
Room Tempersturs oK Statistical
" Eew':::ms C‘.Eurtul NA
Test Test FM PFM QM (Esccéone-giy)| Comeleelt | acorng BN
Category Description G, ACL D40
a3
External Visual OK OK OK Reni Ghenae of o ctutisten
Inspection after o -
etching Complete lot Complete lot Complete lot Em@ —reaZ} Complete lot Emm UMl 1A
Visual External Visual OK QK OK Overioad oK oK
Inapection Inspection after 2° (ESCC4008-2.3) _ _ NiA
P Lamination Complete lot Complete lot Complete lot (Spizeesperiof) | (5 pieces perlal)
(according oK
to ESCC ; oK Statistical
External Visual Burn-in Control A
2054009) Inspection after oK OK OK ([ESCE4008-24) | complete Iot according to UNI
Cable Sealing Sereening 150 28561 ype
({only cable sealing Complete lot Complete lot Complete lot Tests :
area) (CHART High and Low
- Tempersturs Ok QK
ESCC Electrical NiA
In-process Room 4008) Messurement (3 pieces perlot) | (3 pisces perlot)
Electrical Temperature QK oK oK (ESCC 4008 -2.1.2)
tests Electrical oK
Measurements Complete lot Complete lot Complete lot Final Room .
(ESCC 4009 — 8.1.3) Tempersture o Slotiepest oK
Measurements Complete lot according to UM 5 pieces per lot
Production | Robustness of OK oK oK (EscC e -813) I5Q 2851 ype
Control termination :
(ESCC 4009 -5.21) Complete lot Complete lot Lot start and end Ok
(CHART a3 Statistical
F2 - Check for Lot Failure Control A
ESCC OK OK OK (ESCC 4008 - 6.9) Complete lot sccording to UNI
4009) Di - (ESCC 4009 —5.2.2) (ESCC 4009-5.2.2 150 28581 type
imension check G, AQL 040
(3 pieces per lot) (3 pieces per lot) | (5 pieces per lot) oK
External Wisusl oK
Inzpeaction Stafistical
. Cantrol NiA
Weight (socording to ESCC | Complete lot rding to UNI
(ESCC 4009 52 3) oK OK oK 2054008) 'E%z,i’g%&"&“ 19




