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Overview

Timeline Barriers
 Start — October 2018 « Achieving 100kW and 300kW charge rates for light-
(FY19) duty passenger vehicles to meet the 3C charge
. End - Sept ber 2020 rates (60% increase in SOC in 10 minutes)
na — sepremoer * Maintaining high power quality on the grid side
(FY21) . T PO
: « High operating efficiencies 2 90% (end-to-end) for
« 3 budget periods both cases
« Interoperable stationary side power electronics
hardware
Partners
Budget
* Total project funding OAK RIDGE * ORNL (Project lead),
— — i Jason Pries, Gui-Jia Su, Veda
DOE share $2'2M National Laboratory &aligekere, Cliff White, Larry Seiber,
— Cost share from Erclllfm )Asq, Randy Wiles, Jonathan
Wilkins

partners — $3.0M .
e Project spending BP1: -Chal‘gepom-lf « ChargePoint

$350K
HYLNDA] ‘ Hyundai-Kio America

S TOR CROLIP Technical Center

SF MOTORS * SF Mofors
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Project Objectives and Relevance

Overall Objectives

- Design, model, simulate, build, integrate, and test an inductive XFC system.

- Design a high power, modular, scalable, interoperable, high-efficiency plug-less
extreme fast charging system.

- Have minimal grid level disruptions with <6% harmonic distortions on the grid
current and >95% grid power factor.

- Design and develop a compact and light-weight poly-phase electromagnetic
coupling coils that can be scaled up to 300 kW power transfer,

- Achieve high charging efficiencies greater than 90%.

- Integrate vehicle to infrastructure charging communication protocols such as
15118 over wireless.

- Understand and address vehicle integration issues of XFC technology, including
energy storage impacts and thermal management considerations.

FY 2019 Objectives:

— Analyze and evaluate state-of-the art XFC systemes.

— Model and simulate the proposed inductive charging system.

— Complete the design of the power conversion stages including the
integration design of the grid interface converter, high-frequency AC link,
poly-phase electromagnetic coupling coils, vehicle-side power converters,
and resonant tuning components and filters.

NATIONAL Any proposed future work is subject to change based on funding levels
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Project Milestones

m Milestones and Go/No-Go Decisions m

BP1 (FY19) @ [Research and design phase] On ’rrgck,
nearin
10/2018- | Design, model, simulate, and analyze system complgeg’rion

09/2019 components. Size and design all of the subsystems
and components.

BP2 (FY20) @ [Sysfem development and integration] On frack

10/2019- Build all the system components, subsystems, and

09/2020 power conversion stages and integrate with each
other. Validate system up to 100kW power transfer on
a Hyundai-Kia vehicle.

BP3 (FY21) [Integration and testing] On track

]()%//22%22? Complete system integration and perform necessary
modifications, optimize system design, fine tune
components and controllers. Integrate system into an
SF Motors vehicle, validate 300 kW power transfer. Test
and collect data and demonstrate the proposed
concept.
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Technical Scope Summary

- Budget Period 1 - Research and Design (M1-M12)
« Task 1.1: Technology Benchmarking and Evaluation (M1-M4)
« Task 1.2: System Modeling, Simulations, and Design (M3-M12)

- Budget Period 2 - System Development (M13-M24)

* Task 2.1: Development of Subsystems and Components with
Testing and Validation (M13-M18)

« Task 2.2: System Integration and Tests up to 100kW on a test
vehicle (M16-24)

- Budget Period 3 - System Integration, Deployment, and
Testing (M25-M36)

* Task 3.1: System Integration and Tests up to 300 kW (M25-M29)
« Task 3.2: Testing and Evaluations, Data Collection (M30-M36)
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Approach / Strategy

- Iterative design and the use of finite element analysis based modeling for the
design optimization of the electromagnetic coupling coils.

* Vehicle battery and grid voltage and power levels are used for the proper
system design and cascaded down to the appropriate subsystems and
components.

+ Modeled and simulated the grid interface (front-end) power blocks based
on the DC link voltage requirements of the proposed system and the grid
infrastructure parameters.

« Designing system power conversion stages in an intfegrated approach for an
optimal system design in terms of complexity and compactness.

« All of the power conversion stages will be tested and validated individually
before the full system integration (for functionality and performance).

« Entire system will be tested using grid and battery emulators before vehicle
integration.

« Designed and developed a prototype for proof of concept before designing
and developing the high power scaled couplers and converters.
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Project Timeline

2018 2018 2019 2019 2019 2019 2020 2020 2020 2020 2021 2021 2021
Oct Dec Mar Jun Oct Dec Mar Jun Oct Dec Mar Jun Oct

BP1: Design, model, simulate, and
analyze system component,
subsystems, and all the power
conversion stages.

Go No/Go
Decision
Point 1

Go No/Go
Decision
Point 2

Key

BP2: Develop all the components and -

subsystems, perform integration,

demonstrate at 100 kW on a Hyundai BP3: Further optimize and scale up
vehicle the system to 300 kW. Integrate and

Key test the system on an SF Motors
Deliverable vehicle.

« Go/No-Go Decision Point 1. Weather the system design, models, and simulation
indicate the feasibility of the proposed XFC system.

« Go/No-Go Decision Point 2: Weather the proposed system can be experimentally
validated or not.

- Key Deliverable for BP 1: Complete design of the proposed system for 100kW power
transfer to the vehicle side including all of the power conversion stages and coupling
coils.

Any proposed future work is subject to change based on funding levels
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Proposed Technology

« System level diagram Proposed XFC system
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Proposed Technology
« Polyphase WPT Systems

+ Single-phase systems “pulse”
power across the airgap

- Low space-time average

* Polyphase systems using
rotating fields for constant
power transfer

*  Phase shifted excitation and
spatially shifted coils

utilization since fields

oscillate between peak
values and zero

Polyphase coupler wiring

Instantaneous and average power variations
for conventional circular couplers

— Instantaneous
= = Average

Power |

Time
%OAK RIDGE
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Power

*  Much higher power density
due to improved space-time
field utilization

* Lower current ripple

Instantaneous and average power
variations for polyphase coupler

—— Phase A
— Phase B
Phase C
= = Sum = Average

Time
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Technical Accomplishments — BP |

Specific power analysis of the proposed system and comparisons with conventional
approaches

«  Power density comparisons of:
«  FOA circular coill (project ended in 2016)
* Integrated charger DD coll
« High power DD coils (recently demonstrated the operation at 120 kW), and
*  Proposed poly-phase coupler

350 | | 4
Bl Designed Power -
Bl vaolidated Power las
300 | | @ Designed Power Density @ 85kHz '
B validated Power Density
13
- 22kHz —
250 @ 85kHz ® 2
s
_ 125 2
§ 200 - m ‘g
G 5
% o
£ 150 -4%
o
Q
100 “
50

FOA Circular Integrated DD High Power DD Three-Phase

Specific power comparisons of the proposed
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Technical Accomplishments — BP |

Modeled and analyzed 3-phase inverter variable duty cycle control

« ChargePoint power blocks provide 200-1000V dc variable regulated output

power which can be used to control the bulk power.
— ORNL system determines the reference DC link voltage, communicates to the
ChargePoint power block.

* Fine tuning the power, supporting the charging profile management will be
conftrolled by ORNL 3-phase inverter.

« Controllability — circulating currents in non-unity duty cycles

« 3 single-phase inverters vs. a 3-phase inverter
— 3-phase offered much less DC link ripple currents
— Significant reduction in DC-link capacitance for the 3-phase inverter

« Performed duty control and analysis

. :Iin!.r

b
7 [T I 1 | .
S S ﬂ} Three-phase inverter driving the
Via J il il" i LOOSEW Vacz polyphase coupler and resonant
a » coupled !
b <

| A funing circuitry.
2 transformer 4 p—

S
L3
T~
e

C &rgsonant 1
Sﬂ Sil Sd* circuits T T T

n
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Technical Accomplishments — BP |

Modeled and analyzed 3-phase inverter variable duty cycle conftrol

- Derived the modeling SlT <] | imnl |
equations for the 3- nverterduly 51 i Ii il i r—l >t
. cycle, outpu | i i i i .
phase inverter duty voltage, and TR n T 3m %rfﬂt
CYC|€, OUTpUT VOHOge, switching signals. Vgt ] .
and the fundamental l l l l
component of the ol & \/ ’ — Ot
EY Van
output voltage. 2 ;
* Analyzed the inverter Vaerf Van Vi Vor
2 =
output phase currents AN NE . /'\“\ /\\%”\ ot
and the dc component Y N ~ Vaa
. 2 2n 4 2N v 2n 4
of the dc link current. Yo - “or -
- YN AN » ot AN N >t
* Analyzed the condifion 4 N4 N N_ N
of continuous and C dnl v A
discontinuous DC link SEEN 20 N
current. N N N N_
C d de link riopl A An _, An
- Compared dc linkripple ' ” 3 P ™~~~
currents with a single- a \\q:j 1 Lo o >ot
. <D/ /3
phase inverter. @) (b)az
Discontinuous dc link current. Continuous dc link current.
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Technical Accomplishments - BP |

Analyzed and compared and 3-phase inverter dc link ripple currents

- Comparison of RMS and ripple currents if the 3-phase and single-phase
inverter dc link currents at a pf=0.95.

« Significant reductions in the inverter dc link ripple current (52% to 82% as the
duty increasing from 0.6 to 1)

« Significant reduction in the dc link capacitance requirement for the 3-phase
inverter

12 e [iNV_FMS_SP e iV _ripple_sp 60.0%
=== linv_rms_3p === |inv_ripple_3p
1 o 50.0%
7
a2 \
w 1 e ekemeeees=ssssees o
€ 08 o= s -%I 40.0% \
= >
2 os < 300% T—
o o \
N I
m o T ——
E 04 5 20.0% —
5 =
Z - I
0.2 Bl 2 10.0%
0 0.0%
0.6 0.7 0.8 0.9 1 0.6 0.7 0.8 0.9 1
Duty Duty
3-phase and single-phase inverter RMS and 3-phase and single phase ripple current rates

ripple current comparisons
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Technical Accomplishments - BP |

Modeled and simulated 3-pjase inverter for duty cycle controllability validation

. . . Simulation model of
Developed a 3-phase inverter simulation model. 3-phase inverter driving 3-
« Polyphase couplers are modeled as 3 coupled inductors. coupled inductors
a}';{ —— o f'_a2 )

« Simulation study for a VSI-based WPT under
duty cycle control

* dincreased from 0.6 to 0.9 resulting in
output voltage increase from 340 V to 416

AN N
N
N
ja2 b2 ic2
PaN N\ e PN e N N Ve e N N~
NN NN N NN N

Vbatt Ibat

R e e i i e e e e

L | _‘ ) L | L | L
] [ ] [ [— ] [ ]
 — I— | E—  —  —
vbe
| [ [ f :
- [ —_— ] ] [ ] |- ] |- ]
200  —  —  — — —
vca
. o 50 | [ ] | | [ I 1 I
0.04002 0.04004 004006  0.04008 0.04 0.04002 0.04004 004006 004008  -400 L———rr L = =
Time (s) Time (s) 0.06 0.06005 0.0601 0.06015 0.0602
d:() 6 Time (s)
(a) d=0. (b) d=0.9
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Technical Accomplishments - BP |
Designed and prototyped a 3-phase high-frequency inverter

» Design is based on the ORNL 120kW HF/HP
inverter that was single-phase

Parameter Value

Power out bus bar

/ DC+ bus bar

Phase leg CAS325M12HM?2 DC- bus bar
Cold plate CP3009
Gate driver CGD16HB62LP
DC link capacitor 947D601K901DCRSN
900 V Polypropylene high
energy density

1200V / 256A (@175°C junction and 125°C
case) or 444A @175°C junction and 25°C
case)

Pout 1 = 600V X V3 x 1254 x 0.9, X 0.95,,; = 111,067 kW
Pout 2 = 850V x /3 x 2504 x 0.9, X 0.95,, = 314,691 kW

Dimensions: 13" x 11" x 8"
1144 cubic inches (18.74 1 > 16 kW/#¢)
VTO 2020 Target for HV PE: 13.4 kW/¢)

%OAK RIDGE
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Technical Accomplishments - BP |
Designed and prototyped a 3-phase high-frequency inverter

Parameters for double pulse set-up

* Analyzed inverter switching

characteristics to ensure safety and Parameter
pro’rec’non Inductance (L) 150 pH

— Tested for power module performance 2V/ 418
and operation Gate Voltage (Vorr / Von) [N
— Drain to source voltage oscillations
Ve 600 V

observed to protect the device and

Passives Schematic of the double pulse test setup

— Drain current oscillation —1 El ‘ Ls3
* Lab prototype integrated wit a L

TMSF320F28335PGFA DSP from Tl with
a CAN interface through a host
computer for controls.

- Gate driver loop inductance
improved based on initial double-
pulse test results.

« Also tested the device protection
functionalities (short-circuit _
protection), response time of 3.88 ps. -

Laboratory prototype of the inverter and the controller
%OAK RIDGE
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Technical Accomplishments - BP |
Designed and prototyped a 3-phase, 2-layer, polyphase couplers

« Polyphase coupler design
* Inductance readings @170mm airgap

Aligned Agp=30°
Sim. Exp. Sim.  Exp.

. La 341 316 341 309 Design and

g Ly 343 323 343 306 hardware
<8 L 342 324 342 300 realization of 3-
OF Mg -112 -98 -112 - 99 phase polyphase

% M,, -113 -98 -113 -102 electromagnetic

» couplers

M., -11.1 -102 -11.1 -10.6
La 34.1 31.1 34.1 30.9
Ly 34.3 31.3 34.3 31.0
L. 34.2 31.6 342 30.7
My o -11.2 -100 -11.2  -10.2
My, -113 -98 -113  -10.1
Mea -111 -99  -11.1 - 96
Mg 5.65 532 5.32 5.10 .
Mre 364 368 -108 -149 * Effective self and

VA
Self-Inductances

5 va M
L5 Mo S 4B ST myutual inductances
> 2 M;’c; -185 -1.23 429 357 Aligned Aqg=30° Ax=Ay=100mm
= v
25 Me 2% 42 320056 Sim.  Exp. Sim. Exp. Sim. Exp.
OF Mg 57 30 A% -7 Lge 1362 0000 1362 1231 1347 1219
2 Mg; 364 332 -108 -147 !
= Lye 1362 0000 1362 1225 1347 1210

M;’f -1.77  -1.30  -4.18  -3.97 J
MP 555 507 520 540 M. 253 000 251 246 127 12.7

ke 0.186 0.000 0.184 0200 0.094 0.105

%OAK RIDGE | {amona. on
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Technical Accomplishments - BP |

Developed a simulation model for closed-loop 3-phase PFC with step-down regulator

+ The model of the front-end ChargePoint power blocks to understand control
requirements and controllability (480V 3-phase to 200V-1000V regulated DC voltage)

pwm_buck
il

RS TEI Li'flf_g

Pl % oo L L5 R Iz
|

ir c1— (v A e O =1

Conv.
Stepl

V_3ph I .
= = V')
9_.|! Before: 81.25

Il
(<)

Time: 0.05
Scope After: 81.25
! q RCe v_out b
LVd: vphl=-<] v_ph L Y ?
Iﬁl—bvdcref el M w—@’Dwm m o Vemr mf—+—#m s—-|> pw m_buck
Vap* »{Vap* - B
Vdcref  Voltage Controller Deadtime Vref
ig* SV modulator PID Controller PWM
tph]-<] i_ph Configuration: Discrete
Decoupled d
Iq ref currerl;ltpcontrqol

. Simulation model
T T ChargePoint express plus - power block for the front-end
e : Input Rating (3-phase 4 wire) 400V AC, 3-phase, 256A, 50 Hz grid-tied PFC and
EEE EEE 480V AC, 3-phase, 222A, 60 Hz dc/dc buck
EEE EER
=z " mmm  Max Output Power 156 kW converter
EEE EER
EEEEEEEERER
CCCCEEEEEEER Max Output Current 390A
ECEEEEEEER
_ Max Modules per Power Block 5
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Technical Accomplishments — BP |

Developed a simulation model for closed-loop 3-phase PFC with step-down regulator

« Simulation results for 325kW output power

DC bus
voltage
(1000V), 480V
3-phase input
voltages and
currents and
the active and
reactive
power from
the grid.

Operational waveforms and output DC bus voltage regulated to 400V.
%, OAK RIDGE Yot o0
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Technical Accomplishments - BP |

Developed a simulation model for the 3-phase inverter model and the polyphase coill

« ~55kW simulations using the measured coil inductances from polyphase coupler
prototype

iLin I_but

[

v_out

| Ty
\V, vonput ——pot] e
n == +
| 625 |—»( )—»{ver vi v @r :|R3 []Vo (v
Vref [
PI Violtage —I--I Iﬁ?" : 100e-6
Control 5 PaY ZIS T
I
[0 }— v_input ’ 57601.5622
PREEEA v_phase-A 1 D Product Duscrcte Display
. o e
Higha — -B =
R <ol e o Ovde| Dsoln2
1 e LowA
Low Iout 56076.2117
PhaseB elouyc  HiohC v_phaseC ° Product] Discrete LA
-120 phassc W€ i_phase-C Mean Valuel Display1
PhaseC _[:]
Input/Outputl

Matrix model of the mutual and self-

inductances of the polyphase coupler

[34.22 -11.21 -11.21 -5.7 2.78 2.78;
-11.21 34.22 -11.21 2.78 -5.7 2.78;
-11.21 -11.21 34.22 2.78 2.78 -5.7;
-5.7 2.78 2.78 34.22 -11.21 -11.21;
2.78 -5.7 2.78 -11.21 34.22 -11.21;
2.78 2.78 -5.7 -11.21 -11.21 34.22]*le-6

600us deadband, 88.5 kHz switching frequency, 0.083uF series resonant tuning capacitors
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Technical Accomplishments - BP |

Developed a simulation model for the 3-phase inverter model and the polyphase caill
* |nverter output phase-to-ground voltage and current measurements

Phiase-A Vollage & Curront

» B 8 8
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o
e
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* Inverter output phase-to-phase voltages and currents

¥

§

§Eesss . uscnind

¥ OAK RIDGE | Y7ot urion

" National Laboratory | RESEARCH CENTER 13360 13562 13964 13966 13366 1070 13372 1304 1336 1397 130 1392 134 1336 13388 13390 1399 1339 1399 13398 1300 L3N0 L300 1306 L8 L3I0 1302 1M x e




Technical Accomplishments - BP |

Developed a simulation model for the 3-phase inverter model and the polyphase caill
* Input and output voltage and current measurements
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Technical Accomplishments - BP |

Developed a simulation model for the 3-phase inverter model and the polyphase caill
* Input and output power and efficiency measurements

¥ OAK RIDGE | Y7ot urion
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Technical Accomplishments - BP |

Developed a laboratory benchtop test setup to validate the concepts
* Hardware development and experimental test results

Primary-side 3-phase inverter Secondary-side 3-phase rectifier
R TE} PN E} S s H} 1l
H H TJ TJ TJ Circuit
Gi1 Gs Gs Q3 Qs .
4 v | Ve diagram of
: the proposed
Vocin| Cocin = ‘[VAN Bl vy i |V IVXN Coc.ow| — P
— .~ 'EI ------------------------- T — S )/S tem
Vehicle
C| l | Battery
T2 T: Ts . , Sa S6
TJK} rJ HK} Couplelr Coupler HK} ?JK} TJK}
Gz Gs Gs Q- Q4 Qs
Experimental
hardware of
the proposed
system
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Technical Accomplishments - BP |

Developed a laboratory benchtop test setup to validate the concepts

* Hardware development and experimental test results

Plams(C1)|  P2rms(C2)  P3rms(C3)|  P4ims(C4)|  PSims(C5)  Perms(C6)|  P7rms(C7)
556.9V 2655V 7031A 2499V T2.19A 2607V

o ' A 7 Aceire 10s/dv, 1.2565/5, 125kFoints, Normal
2

i
juer Fidge CHIF 4 V, fustas

— - s ~ CHIS re N (G me X [CHEV me YN JGHAel me ¥ GHEV me 7N |CHG: rs 7 CHTA deoou |GHE:L de oo
| ; 20 - b ) LS o B 100:1 100A1Y 100:1 10001 100:1 100A:1Y 1041 :
Dzonoo\)«rg:; nsgnnA i nEnnv;l;;\{ ) Ve nsgnﬂ:l;;\: uﬁunnv st nsgnm 250k 2 m,“ 200 500 A %qMUQ{ I‘_I"uf"

200V dv B0 A

GO0 Afdy 500 W div
ACIME Full OCIME Full  [ACIME Full  DC1ME Full

DC1MD Full DG 1ME Full DCAME Full

Primary-side voltages and currents Secondary-side voltages and currents
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Technical Accomplishments - BP |

Developed a laboratory benchtop test setup to validate the concepts

« Hardware development and experimental test results: 99.49% coil-to-coil efficiency

Scaling  : On hcgMode @ Normal

weraging : OFF .
o) G e 7] {Sefiter - on Va0, 0k 100HS/s 10us/div

EERED FregFilter @ OFf

@ : chi
Flement 1 Flement 2 3 A(33W) Flement 3 Floment 4 5 B(3P3W) 5§ C%Z]:;p;;eﬁ 3-phase couplers transmitter to receiver
E!ITIS" pE— . . . M
Urms (v [ 0.4615k|| 0.4602| | 0.4600k| | o.dstak| [ o.a7ork| | o.azsm [0 To00y efficiency analysis with 2-wattmeter
Irms  [A ]| 68.96 || 73.96 || .11 || 66.99 || 60.43 || 63.71 | Zé?%ngé%ve-_ method
200nA
P ] | 27.20k|| 24.06k|| 51.26k|| 25.21k|| 25.79k|| 51.00k| Elsyne Srciil
SB(3PIM)
0 [varl | —15.89k|| 24.08k|| 8.19k|| —20.11k|| —11.90k|| —32.01k|
AL | 0.8634 || 0.7067 || 0.9030 || 0.7817 || 0.9080 || 0.9710 |
® [> 1| D030 | 0645.03 || 2544 || D358 || D477 || 1384 < |gmil 200A
VoA v ] inaling “on EI 4cqlode = Normal
EE | im0k 1004/ 10us/div
vox v Harmomcs Statl © e g :‘ =
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Technical Accomplishments - BP |

Developed a laboratory benchtop test setup to validate the concepts

* Hardware development and experimental test results: 95.12% dc-to-dc efficiency
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Technical Accomplishments — BP |

Comparisons with the state-of-the-art systems

Comparisons with WPT4 (WPT Level 4) 22kW coil proposal by KAIST

Called 4-coil magnetic beamforming technology

KAIST 4-coil coupler technology (VA): 780 mm x 630 mm x 38 mm, 5.29 ft2, 1139.5in3
ORNL polyphase coupler technology: 471 mm x 544 x 26 mm, 2.76 ft2, 406.53 in3
Comparisons with the secondary (smaller) coupler
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Technical Accomplishments - BP |

Simulation model experimental verification
Input Valtage

« Simulation results compared with the
55 kW experimental results.

* Input & output voltage and current
« 95.61% dc-to-dc efficiency
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Response to Previous Year Reviewers’ Comments

« No reviewer comments from previous year.

« Thisis a new project started in FY19.
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Collaboration and Coordination with Other Institutions

« ORNL: Project lead, project management, budget management, reporting,
overall coordination, design, development, integration, testing, demonstration.
Designer and developer of all the power electronics and electromagnetics
components and subsystems.

« ChargePoint: Design and development of grid-interface converters, R&D on
cybersecurity and active cooling technologies, engineering and intfegration
support on grid-interface converters.

* Hyundai-Kia: Vehicle manufacturer; providing the research vehicle along with
engineering and integration support, support on BMS, battery thermal
management, and technical specifications for the 100kW tests and integrations.

* SF Motors: Vehicle manufacturer; providing the research vehicle along with
engineering and integration support, support on BMS, battery thermal
management, and technical specifications for the 100kW tests and integrations.

¥ OAK RIDGE _chargepoin.k

National Laboratory
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Remaining Challenges and Barriers

* The reference DC input voltage to the system should be accurately
communicated to the front-end ChargePoint power blocks.

* The electric and electromagnetic field emissions should be less than
the limit levels set by the ICNIRP 2010 guidelines inside and around
the vehicle while transferring 100 and 300 kW across 6-7 inches

airgap.

* The thermal management system of the hardware requires utilizing
cooling system designed for the vehicle's on-board electronics
(traction drive inverter or on-board charger). Controlling the cooling
system as well as other on-vehicle auxiliary components including
the BMS system requires input from the OEM partners.

%0 AK RIDGE NNNNNNNN Any proposed future work is subject to change based on funding levels
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Proposed Future Research
* FY 2019

— Scale the design polyphase electromagnetic couplers as well as the
inverter/rectifier to 300 kW target power as well as the inverter with
backward compatibility to 100 kW.

- FY 2020

— Infegrate the final design to a Hyundai-Kia vehicle (Kona or loniq) with
100kW power transfer demonstration (~30 kWh battery pack)

- FY 2021

— Integrate the final design to an SF Motors vehicle (SF5) with 300kW
power transter demonstration (~96 kWh battery pack)

%0 AK RIDGE NATIONAL Any proposed future work is subject to change based on funding levels
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Summary

Relevance: Increase the benefits and reduce the barriers in vehicle electrification, wireless
charging, and vehicle to grid integration, achieve extreme fast charging power levels with
advanced and compact designs with user convenience.

Approach: Proposed a polyphase electromagnetic coupler and high-power and high-
frequency power electronic converters to meet high-power and high-efficiency targets.

Technical Accomplishments:

— Designed and developed a 55 kW proof of concept prototype for laboratory tests and evaluations to
scale the system and provide a design guideline for 100 kW and 300 kW power levels.

—  Currently testing the whole system together at different operating conditions including x-y and rotational
misalignments.

Collaborations and Coordination with Other Institutions:
— ORNL: Project lead and project management.

— ChargePoint: EV charging equipment manufacturer and network operator, providing grid-interface
converters.

— Hyundai-Kia: Vehicle OEM. Providing a test vehicle and integration and engineering support and
guidance.

—  SF Motors: Vehicle OEM. Providing a test vehicle and integration and engineering support and guidance.

Future Work:

— Scale the design to 300 kW target power level both for power electronics and polyphase electromagnetic
couplers.

— Commission the ChargePoint power block and integrate to the overall system with controls and
communications.

— Perform vehicle integrations and prepare for demonstrations.

%0 AK RIDGE NATIONAL Any proposed future work is subject to change based on funding levels
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