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Abstract

Meteosat Third Generation (MTG) is a series of meteorological satellites, which will take over the service
provided currently by MSG. The series consist in 6 satellites: 4 Imagers (MTG-I) and 2 Sounders (MTG-
S) having a common platform.
End of 2016, a Thermal Vacuum Test has been performed on a Structural Thermal Model (STM). The
test’s goal was on one hand to correlate the thermal model and on the other hand to qualify the structure.
This presentation describes the process of model correlation from test ending until the results production.
First, the thermal balance test is briefly introduced in order to set up the context and define the technical
terms. The whole sequence starting with retrieving the data from the test, implementing these data
into the thermal model using the ESATAN-TMS software and finally reducing the deviations between
predicted and measured temperatures is presented. To illustrate the correlation process, explicit examples
will be shown.
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 Context: presentation of the STM thermal balance test

 Model overview

 Correlation phase: 

 Inputs management
 TMM configuration
 Status before correlation
 Process description
 Examples
 Final status

 Conclusion: 

 Advantages of manual correlation
 Suggestions of ESATAN tools or functions

MTG-STM correlation
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STM Thermal Balance test
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 Objective: thermal model correlation and TCS verification

 3 phases : hot balance, cold balance, safe mode balance

 STM configuration (platform only):

 Full structure
 Units: mechanical and thermal dummies (MTD) supplied 

with fixed current (EGSE)
 1 EM : reaction wheel
 Heaters controlled in pulse width modulation (PWM) with 

EGSE

 IABG chamber

 600 Thermocouples Type T

 Heater control thermistors NTC 15K

 Test heaters supplied with fixed current 

 Use of shunt boxes on some power supplies for more accuracy

MTG-STM correlation

OHB System AG

STM GMM overview
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 Hybrid model MTG S/I

 Thermal Chamber model (provided by IABG)

MTG-STM correlation

STM
STM + chamber
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Correlation – Inputs management
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 Test data to be processed for the correlation:

 Temperatures for all TCs and thermistors

 Input currents of the MTD: iMTD

 Input currents of the heaters: iheater

 Flight heater duty cycles in seconds 
(PWM): DCPWM

 Measured resistances of MTD and heater 
circuits: RMTD and Rheater

 Export of data at the end of each balance 
phase: the average of the last 30 min is 
calculated for each measurement above

MTG-STM correlation

Example of raw data as 
exported during test 

To convert 
into power

OHB System AG

Correlation – Inputs management
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 Temperature: not a model input, but used for results 
comparison (see post-processing)

 Dissipation, test and flight heater power need to be 
calculated from the data:

 Dissipation of MTD: DMTD = RMTD * iMTD
2

 Power of test heaters: Ptest_heater = Rheater * iheater
2

 Power of flight heaters:

 The standard duty cycle in % is obtained by 
dividing the PWM duty cycle by 10 (DCPWM 
= number of seconds where the heater is on 
within 10s)

 The “installed power” of the heater is 
obtained with the constant current in the 
circuit.

 Pflight_heater = Rheater * iheater
2 * (DCPWM / 10)

MTG-STM correlation

Data implemented as arrays in the TMM (extract)
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Correlation – TMM configuration
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 Step 1: TMM with steady-state solver 

 Fixed dissipation and heater power for 
each case

 Successive steady state runs

 Fast (multiple iterations possible) and easier to 
manipulate

 Local heat balance wrong as long as 
correlation progress is low 

MTG-STM correlation

 Step 2: TMM with transient solver

 Fixed dissipation for MTDs

 Temperature set points introduced for flight 
and test heaters: values as-run

 Simulation duration: 40 hours per phase

 Necessary to correlate the heater duty cycle

 - Long to run

Extract of the $execution block

Define and place 
MTD dissipation

Define and 
place flight 
heater power

Define and place 
test heater power

Define and place 
MTD dissipation

Define flight 
heater set points 
activate heater 
and place power

…same for test 
heaters

Extract of the $variables2 block

OHB System AG

Correlation - Status before correlation
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 Status before correlation on all sensors:
 Deviation between sensor 

measurement and associated node 
temperature is calculated

 Deviations sorted by ranges
 ~40% of nodes within 5°C deviation

 Agreed success criteria:
 Temperature: 100% of TRPs T to test 

results shall be lower than 5K. 
 Heater lines duty cycle: 

 For each line, duty cycle deviation to 
test results shall be within 20%. 

 The overall power consumption 
deviation to test shall be within 10%. 

MTG-STM correlation

Objective of the 
correlation
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Correlation process
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 Post-processing strategy
 Compare temperatures between test and model
 Compare duty cycles between test and model (for transient runs)

 Correspondence Sensors (thermistors/thermocouples) and nodes: linear interpolation

MTG-STM correlation
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Correlation process
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 Correlation process: from the most global to the most 
local
 Correlate the OSR emissivity to reach a correct average 

T on radiators
 Emissivity variation from 0.8 to 0.89
 Typical correlated value around 0.83

 Correlate MLI performance
 Effective emissivity defined by a temperature 

dependent array
 Eff. Emissivity multiplied by a performance factor 

for each blanket
 Correlated performance factor for external MLI: 1.25

 Panels in plane/out of plane conductivity (aluminum and 
CFRP): low sensitivity of the model 

 Adjust the unit conductive I/F
 Local correlation issues implying remodeling

MTG-STM correlation
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Correlation example 1: Standard unit conductive I/F

Page 11MTG-STM correlation / 24.10.2017

 I/F conductance is modelled via a heat 
transfer coefficient (HTC) multiplied by 
footprint area

 First approximation at correlation start:
HTC = dissipation / (∆T * area)

 HTC adjusted to take into account 
distance between the sensors

 Compromise between:
 Deviations test/model
 Reality (hardware): area, bolts, 

interfiller,…

MTG-STM correlation
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Correlation example 2: Propellant tanks
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 Observations right after test:
 Heater power consumption higher than predicted by the model
 Impact in steady state analysis: calculated temperatures much higher than in test
 Deduction: tanks are too isolated in the model

 2 major contributors to the coupling between tanks and platform:
 SLI on the internal side of the central tube 
 I/F conductive conductors

MTG-STM correlation

!

SLI MLI
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Correlation example 2: Propellant tanks (2)
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 Necessity to remesh the tanks to have more accurate results

 I/F conductive conductance increased by a factor 5

 SLI emissivity (VDA coating) increased from 0.05 to 0.1 => significant impact

MTG-STM correlation
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Correlation example 3 : Pipework
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 Not sufficient correlation at the start

 Observations:
 Higher heater consumption in test than in model 

(steady state temperature higher)
 Most TCs placed close to stand-offs, while model 

contains large nodes which are not 
representative of the local temperature

 Model not detailed enough for good correlation

MTG-STM correlation

Real temperature: low 
close to standoff, high 
between 2 standoffs

Calculated temperature 
by model: averaged 
value on each node

Node 1 Node 2

T

x

Stand offs

Pipe

Thermocouple
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Correlation example 3 : Pipework (2)
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 To decrease the general temperature level (in steady state analysis), radiative leaks have 
to be increased by correlating the chofoil properties.

 The final correlated values are: 
 Radiative area increased by 50%. This is justified by integration reasons: overlapping 

chofoil layers, inclusion of the propulsion tubing heater, wrinkles
 Piping longitudinal conductivity increased assuming 2 layers of chofoil instead of 1 (+60%)

MTG-STM correlation
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Correlation example 3 : Pipework (3)
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 Model improvement:
 Stand off modelling (GMM and TMM)
 Split of large nodes into 2 types of nodes: nodes close to 

standoff (cold spot) and nodes between 2 standoffs (hot 
spot) 

 Modelling of thermistor bracket including chofoil wrapping

MTG-STM correlation

GMM of stand off
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Correlation example 3 : Pipework (4)
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 Local correlation on specific areas

 Areas close to thermistors have to be correlated 
carefully (impact on heater power consumption 
for a large bunch of pipe sections)

 Crimping zones: locally no heating (on STM only, 
this is reviewed for PFM as an outcome of the 
test)

 LAE bracket:
 Adjustement conductive coupling
 Consideration of chofoil wrapping

MTG-STM correlation
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Correlation – Final status
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 Status of the temperature deviations after correlation in Steady State:

 High deviations (> 5K) are due to the fixed heater power (steady state)

 TRPs are correlated well, while graphs include the 600 TCs

MTG-STM correlation

Before correlation After correlation
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Correlation – Final status
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 Status of temperature deviations after correlation in Transient:

 TRPs are correlated well, while graphs include the 600 TCs

MTG-STM correlation

Before correlation After correlation

OHB System AG

Correlation – Final status
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 Status of duty cycles deviations after correlation in Transient:

MTG-STM correlation
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Lessons learnt
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 Test LL:
 Instrumentation: piping, panels outer side, doubler I/F, panels
 Online Data verification: deviation between shunt boxes and power supply raw data

 Correlation LL:
 Underestimation of some parameters: Star tracker conductivity, Tanks I/F conductivity, 

piping model
 Sensitivity analysis is impacted by correlation: tanks were not sensitive to platform 

parameter variation before correlation ; this changed after improvement of the model

 Design LL implemented on Flight Models
 Crimping points of the propulsion tubing heater to be reviewed
 Design changes needed for mission critical issues (tanks heaters)
 Heat pipe start-up heaters to be implemented

MTG-STM correlation
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Conclusion
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 Manual correlation quite heavy, but “hands-on” work allows:
 Consolidating the knowledge of sensitivity to various parameters
 Keeping parameters within control and understanding (realistic approach of the 

values’ adjustment, investigation on hardware, etc.) 
 Identification of design improvements and reviewing the model in deep details

 Suggestions for ESATAN functions or improvement to help correlation:
 Interpolation tool with sensor coordinates as an input
 Visualization of the sensors temperatures and deltas to model predictions on the 

GMM (by creating a TMD from test data) 

MTG-STM correlation
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