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Overview esa

Smart Heaters Heater Hot Spot Characterisation
(Foil2Spot)

ALTER

TECHNOLOGY

TDE activity TDE activity (small activity)
2 years nominal duration 9 months nominal duration
Target TRL: 3 Target TRL: 3
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Smart Heaters ALTER
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Thermal Control Subsystem - examples

c 5 [Tl It 0 ey
B < | control
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o O 50 V unregulated bus

a ©
) Credit: COMEPA Ind. >
7 Satellite Instrument

Controlled area
operation

Credit: Zopas Ind.

Credit: Measurement Spec. Unregulated

bus

Control

Non-operation
(survival)

LCL Latch Current Limiter
PCDU Power Control and Distribution Unit
OBC On-board Computer

Nominal line

Redundant line

Instrument
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Smart Heaters - objectives
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Potential application & running example

Potential applications

Scientific missions, constellations, medium and small satellites.

The Athena mission was used as running example

Athena

Advanced Telescope for High-ENergy Astrophysics

A The largest X-ray observatory ever

Focal length:
Effective area: (at 1 keV]

Instruments: (X-IFU] and ~.._ .'
(WFI) | T ey Oy

. s Planned
W 2031
frsire Espth - launch date

Predecessors: EXOSAT, XMM-Newton
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Smart Heaters Architecture
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Desighed PROTO PCBs - PCB 1 ALTER

PCB 1 (Main PCB):
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I

- Programming and Communication through Serial Port SO - ,;,..

- 12C communication using both interfaces -> I12C sensor
temperature reading
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- CAN Bus communication in a duplex dialogue ->
Communication with the OBC
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- ADC measurement readings -> PT1000 temp reading

...
|
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- GPIO activation -> MOSFET triggering to activate the ] e
i c19100n BEI qczuoo e [
heaters L 1?2’:{; o v 1|+ Ay |

g C16 €29100n
o 160 10 'Et

- DB9 connectors for easy test. No need of these
connectors in the final versions

- Rad-tolerant microcontroller for flight version selected but
not used in breadboarding activities g
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Desighed PROTO PCBs - PCB 2 & 3

PCB2 (Switching PCB):
- PT1000 Signal Conditioning -> PT1000 temp reading

- 12C communication -> 12C sensor temp reading
- MOSFET Driving Circuit-> MOSFET triggering to activate the

heaters

- One sided component mounting / flex substrate

PCB3 (Sensing PCB):

- |12C communication -> 12C sensor temp reading

- 12C Slave address configuration -> Using multiple 12C sensors

- One sided component mounting / flex substrate
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Characterization Tests

From -55°C to +100°C in No vac
steps of 25°C for 15 min
and back to -55°C

25°C

-55°C to 150°C

-150°C to 150°C

Voltage Bus variation -
20% to +5% up to 52V
Same as Test#1 in Vacuum

thermal vac < 10E-5

mbar
Same as Test#1 in Vacuum

thermal vac < 10E-5

mbar
Same as Test#1 in Vacuum

thermal vac < 10E-5

Heater Set Temp 20°C
higher than ambient at

each step
Output power variated

50 Non-Operational
thermal cycling

10 Non-Operational
thermal cycling with
increasing lower temp
Variation of the current

adapted

Heater Set Temperature
20°C higher than ambient
at each step

vac chamber temp -50°C
Heater ON regulating
every line at 25°C.

3 lines at 35°C
4 lines at 30°C
4 lines at 25°C
3 lines at 20°C

Monitor of temp of Array of
9 T-type thermocouples
mounted on heater

Max Achievable
temperature at test fixture
and set to other 4
intermediate temperatures
till ambient
Characterization before

and after
Characterization before
and after

Monitor of the temperature
with the test fixture

thermocouples
The number of Temp

sensors will be 2 per
heater

The number of Temp
sensors will be 2 per
heater

The number of Monitor
Temp sensors will be 2 per
heater

Smart Heaters Samples to test

Item1

Item2

Item 3 Final Design
112|345

STEPO
Prototype iterations
Validation of desing with
coTs

Items#2 Validation
Limited Temperature Range

Procurement

Procurement and manufacturing
FINAL DESIGN

Incoming Inspection Sequence

Test #1: Step temp control

Test #2: Output power

Test #3A: Non Operating Temp
Cycling with low temp -552C

Test #4: Voltage variability

Test #5A: Thermal Vac
characterization of individual
samples

Test #58: Thermal Vac Thermal
Vacuum with different loads

Test#5C: Thermal Vacuum with
different temperatures

Test #3B: Non Operating Temp
Cycling with lower temp

STEP 10

Construtional Analysis

STEP 11

Delivery to ESA
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Heater Hot Spot Characterisation
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Objectives & Background

- Research, trade-off and select various non-destructive test methods

- Technical assessment of relevant IR camera and measurement set-up parameters (e.g. camera resolution,
sensitivity, calibration, distance to test object)

- Conduct tests with heaters of different shape, dimension, adhesives, baking, heating power levels, on different
substrates and at different substrate temperature levels.

- ldentify a threshold (figure of merit) for the acceptance or rejection of a heater based on IR camera
non-destructive measurements.
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Non-destructive methods and IR cameras

« Multiple non-destructive methods and excitation sources:

X-rays

IR Camera DFT
—

Flash-

Infrared thermography: lamps
Pulsed Thermography (PT)

|

Lock-In or Modulated Thermography (LIT)

Pulse Phase Thermography (PPT)

Frequency modulated thermal wave imaging (FMTWI)
Step-Heating (SH) N

Object

» Selected methods for this activity:
Pulsed Thermography, modified with both cooling and heating imaging
Step-Heating targeting the maximum de-rated/rated temperature
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Instrumentation and calibration

IR camera

Black box

Temperature
Senscors

Heater

Substrate

Camera’s
focal length Adapter for
cylindrical
samples
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Test plan

Laboratory

Incoming visual
inspec! i
dimensiol

measurements)

-XXX

Laboratory

Vacuum exposure

C.L-XXX

Laboratery

Resistance check

Cl-XXX

Laboratory

Inspection of the
heaters (visual +
resistance)

[ CIXXX

Heater alone

Ext lab

Emissivity measurement
of heaters (v, with ins.
block)

C.1-XXX “

Laboratory

Step-Heating
thermography test

[ C.l-XXX

Laboratary

Step-Heating
thermography inspection
{burm-in test), single
heater in air

C.L-XXX

Laboratry

IR Thermography
testing for defect
detection

T CIXXX

Laberatory
of the
isual +

Ext lab

Emissivity measurement
of heaters on substrates

[ CL-XXX ]

Laboratory
Inspection of the

heaters (visual +
resistance)

Laboratory
Second IR

thermography
testing

Laboratory

Final Step-Heating

thermography test

XXX

Laboratory
Inspection of the

heaters (visual +
resistance)

C.1-XXX

15

-1 4 ==

| —

+ THE EUROPEAN SPACE AGENCY



Test matrix and map of defects

Total of 30 heaters procured

Flat Cylindrical Cylindrical
Aluminum Flat CFRP Aluminum CFRP
6.5cmxl4cm

9cmx14cm ~33mm O* 33mm @

Without Al backing
Without PSA

Without Al backing
3M 966 pre-applied

Al backing
Without PSA

Al backing
3M 966 pre-applied

Without Al backing Subset of samples
Without PSA + \ D

Z = . ( ; ‘\'\
Without Al backing ; : N J ( h 7|

Single layer

3M 966 pre-applied

Al backing
Without PSA

Double layer

Al backing
3M 966 pre-applied

1
* depending on the commercially available sizes

** CFRP samples deemed more problematic from an installation point of view and therefore with
one planned sample more than aluminium

24 heaters submitted to tests (20 in a first series, 4 in a second series)
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Emissivity calibration & measurement artifacts

* Emissivity measurements allowed to

Reduce the number of heaters to be
tested for emissivity

Avoid re-do the test on heaters as
installed (similar values obtained
regardless of the backing/substrate)

Obtain values to characterize the
measurement environment and its impact
on the measurements themselves

Sample description | Spectral range

Sample identification number

2.5um - 22um
e o A Without Al backing
FOILH2SPOT.1100-P037.01-1.A-01

7.5um
Without PSA ook

- 13um (1)
- 13pm (2)
Without Al backing - 22um

With PSA

FOILH2SPOT.1100-P037.01-1.A-
0lp3

~ N~

- 13um

With Al backing - 22pm

FOILH2SPOT.1100-P037.01-1.A-05 . ~
Without PSA

[0 T B B R |
=l |l | |
5185 15|85 5
S|8 |8 |B |8

~ N

- 13um
Double-layer
Without Al backing
Without PSA

2.5um - 22um
FOILH2SPOT.1100-P037.01-1.A-07

- 13um

175.0 °C 175.0 °C

Value 140.7

Sp2
Value 1590
Sp3
Value 161.7

IR-emittance (g)
0.925
0.927
0.928

0.929

diffuse spektral Refloctivity

0.930
0.929
0.930
0.930

0.930

117/
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Test results (extract) @esa

IR thermography

After pulse During pulse

p—

Step Heating
Aluminum plate; heater without Al backing; with PSA; T ¢ aeq = 145 °C 3);1 1762
: a Avg 136.5

« Two-steps IR inspection selected and
=
used ﬂ
IR thermography (both heating and cooling

: . -95.3°c —

assessment) to identify the defects, before .

175.0 °C P
and-after vacuum exposure Value 1760

Sp4
Step-heating to evaluate variation in I ” ,ségﬁigf 1762
heaters’ behaviour before/after vacuum | - Ve 641

Sp2
exposure | . Value 1612
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Test results (extract)

_ IR thermography
 Undesired defects created T
I ‘Bxlﬁ I 1v
¢up | “.
@;7:c  —— [ 287°c —

Bx1
Max 150.8

o
£
®

°
o

B
I E Step Heating
<

« Delamination/s occurred due to mistaken overheating (above rated temperature)

o ° Bx1
Avg 125.5
r Bx1
&. - @
— —
Aluminum plate; double layer heater without Al backing; with PSA; T yerateq = 145 °C IR thermography Step Heating .
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Test results (extract) esa

Aluminum plate; heater without Al
backing; with PSA; T yerateq = 145 °C

Step Heating

148.4 °c] Bx1
Max 145.5

Avg 104.3

44.7 °C

e ®

I _!I

33.1°C p— - [ 75.0 °C R——
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Lessons Learned & Conclusions — Heater Hot Spot
Characterisation

Lessons Learned:

« Heaters with pre-installed PSA had better temperature homogeneity than self
installed epoxy.

« No difference for double layer heaters (for the tested versions)
« Heaters with aluminium backing defects are hardly identifiable, hot spot re-
distribution capability

 CFRP samples due to their lower thermal conductivity than aluminum, show larger
temperature differences between the resistive path and the cold areas

Eesa

Alusubstrate & CRFPsubstrate &
No-Aluminium backing

Aluminium backing

Conclusions:

Two NDT IR camera based measurement methods successfully tested

IR Thermography good to identify even small hot spots (4s pulses and 60s pause)
Not possible to extract a reliable figure of merit from this activity

1749°C

Future test-campaigns are necessary with I

Limited number of heaters
High number of relevant thermal-vacuum cycles
Fixed voltage levels as compared to maximum temperatures
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