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Thermal Modeling - Simscape Model v2022b

* Model compatible with fixed time step of Tms and

executes on single core of dSpace SCALEXIO HIL System

* Model includes battery loop chiller with two phase flow

. TGEN
physics e
Thermal Thermal Temperature of Coolant
: : : .

» Coolant hydraulic model is physics based and correlated Quen T ecictanee K Taower
with GT-SUITE model used for cooling system sizingand [Ki/degC] [degC/kW] Qeoouant
design t t

TLEAC — i Qgen X At _ Qcoorant X At
. . GEN — YGEN

 Thermal interface for electric motor, DCDC converter, ¢ ¢
. . . . t+At _ t t
inverter and battery cell implemented in the model is Qcoorant = k(Tegn = TcooLant)

described in the adjacent figure

« Operating Mode Data for Model Initialization is used to
initialize Simscape model at -25degC, 25degC and
45degC
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Refrigeration model overview - Battery Cooling

e The battery cold plate which is heated externally

in thermal contact with refrigeration loop

* Refrigeration loop expels its heat to the

environment

* The refrigeration loop contains four main
components, an evaporator, a condenser, a

compressor and an expansion valve

« Condenser for battery cooling is an indirect

condenser with cooling medium as coolant

 Evaporator (Chiller) is also a refrigerant to coolar

heat exchanger
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Procedure for refrigeration system modeling for HilL

Obtain component data for compressor,
condenser, evaporator, thermal expansion
valve

Create and validate detailed refrigeration
model

|dentify sensors, variables necessary for

interfacing with coolant hydraulic model
and post processing - DOE outputs

|dentity input (their range) for DOE

Perform DOE and verify the reduced order
model
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Definition of DOE - Battery Cooling

DOEmputs | DOE Outpus

Condenser coolant inlet temperature Compressor inlet pressure
Condenser coolant flow rate Compressor outlet pressure
Evaporator coolant inlet temperature Compressor inlet temperature
Evaporator coolant flow rate Compressor outlet temperature
Compressor speed Heat transfer to coolant in evaporator

Heat transfer to coolant in indirect condenser

Compressor power

« To make the refrigeration model RT compliant DOE is defined to perform batch

simulation with detailed refrigeration model and generate look-up tables for the DOE
outputs as defined above

« Range of coolant flow and temperature for DOE inputs is obtained from detailed GT-
SUITE model
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HiL Execution - Chiller Refrigerant loop model

Turnover time is 10 microsecond for Real-Time compatible
RESS refrigerant loop

Implementation of refrigerant model is as a 5-D lookup
table within Simulink

For a steady state simulation, the CPU time of original
model is 157.08s; RT model can perform same
simulation within 1s for 35s simulation time
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Periodic Task 1/Task Call Counter

900843

.......... D Lookup\nTable1/Out1 [

.......... 19.8245813555656 | .

Periodic Task 1/Task Turnaround Time

1.0234179914077E-05

.......... n-D Lookup\nTable5/Out1 | .

.......... 2.03253213745025 | .

.......... nD Lookup\nTable7/Out! | .

.......... 2.80523084789126 | .

.......... n-D Lookup\nTableS'Out1 | .

.......... 12.1235271657316 | .

Periodic Task 1/Overrun Count

.......... n-D LookupinTable11/Out1 | :

..........

.......... 7.46813773886685 | .
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Correlation- Real-Time model Vs Original model
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Comparison of GT Suite detailed and Simscape RT

Component Flow Component Pressure
1.6 2.5
1.4
2
1.2
1 1.5
0.8
0.6 1
0.4
0.5
SN | BN |
. HEE BB .
Motor Inverter DC/DC EABC iCondenser Radiator Battery Motor Inverter DC/DC EABC iCondenser Radiator Battery
Converter Converter
B GT-SUITE M Simscape B GT-SUITE M Simscape

« Overall, there is a good agreement for component coolant flow and pressure between
Simscape and GT-SUITE model

» GT-SUITE model is correlated with flow rig test data
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Vehicle Correlation

coolant temp sensor 1
RMSE—-0.9¥

NAVISTAR | T

I model
I te st

coolant temp sensor 2
RMSE—-0.7 ¥

14



HIL Execution - Complete Thermal Model

EI Block Parameters: Solver Configuration X

» Periodic Task 1/Task Call Counter | Periodic Task 1/Task Call Counter | Periodic Task 1/Task Call Counter |

| Solver Configuration
Defines solver settings to use for simulation.

4250678 18595 9324

[ Start simulation from steady state

Consistency ‘ 1e-09

tolerance: [ [

Use local solver Periodic Task 1/Task Turnaround Time : Periodic Task 1/Task Turnaround Time | Periodic Task 1/Task Turnaround Time ;
Solver type: Backward Euler e ‘

Sample time: 0.001

Partition Robust simulation v 0.000370083958355474| 0.000648342997980748 |0.000934392124048556 |

method:

Partition storage
method:

Partition

bt b Periodic Task 1/Overrun Count | Periodic Task 1/Overrun Count | Periodic Task 1/Overrun Count |

Use fixed-cost runtime consistency iterations

Nonlinear 3 1 1 1
iterations: }
Mode iterations: 2

[[] Compute impulses

As needed i

] Ir|_1pu|se 2
iterations:
Lnear Agebrs:aio - Fixed cost 1 Fixed cost 2 Fixed cost 3

~

Cancel Help Apply

» Periodic task should be within 1ms to prevent task overrun
» Fixed cost factor of 2 provides an optimum task performance for this simulation
* Turnaround time is for complete thermal model on one core of muti-core HIL

Nnevistar | £



@

Section
Cabin HVAC
model in
Simscape

N/YISTAR |



Refrigeration model overview - Cabin Cooling

condenser

discharge line Ao

e The cabin is in thermal contact with SNNSavSa ) o

PRV AVAV AV AV AV AV AV AV AVAVAVAV AV AV AWV

. . A A A A AT AT ATV ATA ac  EE

refrigeration loop e CoRriphessor
N R R N N N N NN

A AV A AV AN AV AV AV AV AV AV AV AN AV AV AV AV

* Refrigeration loop expels its heat to Lamaika ARSI PR
| : ]
the environment T -
» The refrigeration loop contains four F
suction line
main components, an evaporator, a

condenser, a compressor and an

expansion valve

evaporator
* Evaporator and condenser are both Eieeadssatit
. . HPS: High Pressure Switch AIC t fi bin HVAC
refrigerant to air heat exchanger LPS: Low Pressure Swilh Syl

HPT: High Pressure Transducer
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Cabin HVAC Model Overview - Simscape v2022b

* R134a
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J
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Definition of DOE - Cabin HVAC model

DOElnputs | DOEOutputs

Ambient temperature Compressor inlet pressure
Condenser air flow Compressor outlet pressure
Evaporator air inlet temperature Compressor inlet temperature
Evaporator blower flow rate Compressor outlet temperature
Compressor speed Compressor power
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Conclusion/Remarks

* A workflow for implementing Simscape model to run in Real-Time Hardware-In-
Loop platform of dSpace SCALEXIO is discussed

 Simscape Fluids supports execution of complete thermal system model on

Hardware-In-Loop test bench

 Turnaround time of the complete thermal system model including real time
compatible refrigerant loop model is within 1 millisecond which is necessary to

prevent task overrun

« Workflow supports execution of complex EV thermal system model on HilL and
development of powertrain and energy management controller upfront in

vehicle development
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