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Gogoro & powertrain
MCU water cooling design






Abhout Gogoro

Kethink
Urban Energy
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Ahout Gogoro
‘:'7 g .‘l‘ \“ “ . \

Sharing, smarter

The world’s first fully integrated
Swap & Go vehicle sharing platfo

S Performance 1Series 2 Series 3 Series Gogoro VIVA Gogoro VIVA MIX
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Gogoro powertrain piatform

2015 Gogoro 1 2017 Gogoro 2 2019 Gogoro VIVA 2022 Gogoro Super Sport

Throttle Controller

Primary
Batte R
: % -
. _bcbc
Electronic -\:-' . ¢ Converter,
Co?élglul)Jnit . J
Mot‘or | ']
Motor Control Radiator
Unit (MCU)
. First Heavy-duty Electrical . System module (PBGN)
Scooter’s Powertrain . 7.6 KW 28Nm . Single Battery ° Noise improve : Belt, Helical Gear
° 7.2 KW 29Nm High Torque Density . High Efficiency PMSM 95% ° 3KW 115Nm Hub Motor . New Motor Case (Stronger ,
Motor o Cost Efficiency ° Integration with MCU Reliable)
° Compact Design On Rear Mount . Repairable . Air Cooling (CFD) . New feature :
o TCS : Traction Control
System
o Cruising control
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Powertrain system

Motor controller unit & Cooling hase < Water pump

Motor & Motor water jacket
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MCU Design Requirement —
% Scooter performance requirement
«  Climbing : 40kph, 30% / 50kph, 20% / 70kph, 10% T -
«  Acceration : 3.9 sec. 0-50 kph i 205 ) Sokm
* Top speed: 96 kph
*  Scooter cannot power derating at 45kph~50kph 7o a4t aa
(Urban city, stop and go pattern) 1 BT - (18 30 k)
«  Scooter cannot power derating at pattern : YMMT (Heavy load) promE
—T.TToTITN
~~ vV
= = ) "\
* Scooter system thermal design requirement = §
+  Cooling type : Ex. Water cooling g © |,\\\
«  Steady operatie region &) %’ | Y
+  Transient operate time at heavy load ~ l T
+ System heat load, system flow rate, :
radaitor inlet velocity and dissipation, }
system water temperature, system pressure drop, etc ... 50 kph

% MGCU thermal performance requirement

»  Steady region
»  Transient operate time at max. current
*  Pressure drop

202.



% MCU thermal performance requirement

+  Steady region
*  Transient operate time at max. current
*  Pressure drop

Cooling hase desing -
e Max. component temperature
e R, mos -coolant
e  Pressure drop
e  Velocity contour ;
e MOS temperture en r
R SN z
V00 V01 V02 V03
Rih 1.7% 10.2% 12.8%
mos-coolant ) T e Tesn -- el | -
Pressure drop - +12% +6% 7%

changing tunnel height and width to control the flow velocity



allowable coolant temperature
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allowable current
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1000

Summray

% MCU thermal performance requirement

Steady region
Transient operate time at
Pressure drop

900
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allowable coolant temperature
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% Scooter system thermal design requiremer

Cooling type : Ex. Water cooling
Steady operatie region =
Transient operate time at heavy load

< 70

00 L L L L L s
1000 2000 3000 4000 5000 6000 7000 8000 9000

Motor speed, RPM

allowable current

System heat load, system flow rate,
radaitor inlet velocity and dissipation,
system water temperature, system pressure drop, etc ...
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system acceleration
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Request

% Scooter performance requirement

*  Climbing : 40kph, 30% / 50kph, 20% / 70kph, 10%
*  Acceration : 3.9 sec. 0-50 kph
+ Top speed : 96 kph
*  Scooter cannot power derating at 45kph~50kph
(Urban city, stop and go pattern)
»  Scooter cannot power derating at pattern : YMMT (Heavy load)

* Reality & Complex question

+ Can take 200 kg payload ?
* Canclimb 10% slope road ?
*  Will thermal derating in tropical country ?
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> Body-diode mode Procedure specified inthe
in this measurement |JEDEC standard JESDS1-1
. 0 =

* T3SER

Mehior

% Simulation tool
FIOEFD
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R1 g AR2 R3 R4 Na ARD

Power {Rth1} (R‘h {Rthn}
e l cn
Tictny {Cth2) {Cth3)} (Cth4) {Cthn}
Py

Cauer RC.Ladder

R1 R2 R3
P (Rih1) {Rth2} {Rih3) (m; {Rthn}
c1 c2 c3 c-
) (Cth1)  (Cth2)  (Cth3)  (Cth4) (cnm)

Foster RC-Ladder

Get the hard to measure data

* convection properties

* Thermal resistance properties
*  Heat Flux

*  Etc...



Model training /‘“"mlwnem temperature curve#01 \

//'\\ curve similarity = 200

parameter set - 1
parameter set - 2

N
~ ~

SimplifiEd math curve similaritfz\ﬁ\@;\

Experiment data .
model - -component temperature curve02

parameter set - 1
parameter set - 2

FAST PREDICT COMPLEX PROBLEM

Training
Algorithm

best parameter
at 5533 sets

Well-trained

4
e Temperature behavior at real road condition
model ° At.hot.or cold wegther !
e Climbing mountain
e System derating performance
e etc...
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Field trail data log
e Throttle
e Scooter speed
e temperature

=

oo

o Coolant /i
. . dot line\: simulation motor temperature . I\

o  Winding 2 :

solid line : field trail motor temperature
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kenric.tseng@gogoro.com

Any Questions?





