Fluon+™ Material Science Solutions
for High Voltage Flat'Wire Insulation

AGC

Your Dreams, Our Challenge



volts and more.

Wires for EV, HEV, PHEV
Inverter-Drive Motors

Auto makers are finding that the shape of the wiring
in the motor stators can limit performance. So vehicle
makers are moving away from the traditional rounded
wires and relying more heavily on flat wires that provide

more efficiency and greater power.

By nature, flat wires do something round wires can't: they
save space. When it comes to making the best use of space
within a motor stator, rounded wires—on average —fall
somewhere in the 78-88 percent occupancy range. Flat wires,
on the other hand, can achieve 96-percent occupancy. And
packing more wires into the same amount of space allows for
higher voltages, giving EVs a power boost.

Wire jacketing

a primer and they have poor flexibility, cracking when bent.

Current structure Current structure
200V 400V

Polymer Iayer
(PEEK, PPS, etc.)

Enamel layer thickness is
50pm at most

x Insufficient reliability

for high voltage * Cracking/wrinkles

* Pinhole defect when bending

* Poor flexibility

x Poor adhesion (primer needs)

The efficiency of electric engines in EVs has been advancing rapidly with the aim
of reducing environmental impact. At present, electric and plug-in vehicles are

running with inverter-drive motors that work at 200 and 400 volts. But demand for

voltage continues to climb, and it's likely that next generation EVs will need 800

78% 88% 96%

Flat wires have more
occupancy rate of the stator

v

Space saving + Higher output

The higher voltages and wiring shapes demand new materials, particularly when it comes to wire jacketing. Pl and
PAl, used in the enamel layers of these structures are not reliable enough for high voltage due to thickness
limitations and pinhole defects. PEEK and PPS, used as polymer layers in extrusion processes, result in the need of

Next generation
800V+

Next generation material layer
(Mono layer structure)

5> E _, =

v" Heat resistance (W=AxV)
v Anti-corona

v Flexibility

v Lower dielectric constant
v Higher PDIV

v No surge issue

v Varnish/enamel-free



Why we need next generation compounds
with higher PDIV?

ERNAE Instantaneous voltage during

Plenamel 800~900 | sudden breaking and sudden
Pl enamel + PEEK layer 1400 acceleration is 2 to 3 times
New criteria > 1500 the normal voltage.

For a 400V motor, instantaneous voltage is within PDIV, so no partial discharge occurs.

For a 800V motor, instantaneous voltage exceeds PDIV, and the generated inverter surge
invades into winding wires and parts.

Discharge occurs == Insulating film deteriorates == Impacts motor lifespan

Wires in motor stators are winded and bended Partial discharges are prone
for more occupancy rate to occur at corners

Higher flexibility ==» No cracking / wrinkles when bending ==  No partial discharges



as wire insulation materials

Due to their excellent electrical and insulating properties in a wide range of temperatures,
and heat and chemical resistance, fluoropolymers are suitable for wire and cable coatings.

PFA/PTFE 2.09 2.10 ~10'
ETFE 2.50 2.40 >10'® _ €
PEEK 3.30 5.40 ~10"7 €r -_—
P 3.50 420 >10% EO
PAI 3.80 4.80 >10™




AGC's solutions / Dipping & oven-curing

’

s Fluorft EA-2000

Fluon+ Adhesive PFA EA-2000

* Recommend powder and water-based dispersion [
* Processed by dipping/oven-curing j

Current Construction = Our Solution
* Insufficient reliability for high voltage  Strong adhesion to Cu/Pl
e Pinhole defect e Better electrical insulation
Pl (enamel) EA-2000 EA-2000 EA-2000
Pl {enamel) Pl {enamel)

Adhesion to Copper and Polyimide

Adhesion to copper foil Adhesion to polyimide
s 12 12
g 10 11 10 1
Eg 8 8 Fluon+ EA-2000 provides
s .
§3 °© 6 better adhesion to Pl and Cu as compared to
$‘—' 4 4 . cp -
£ 5 5 neat PFA without sacrificing original performance.
<
0 0
PFA  Adhesive PFA PFA  Adhesive PFA
EA-2000 EA-2000

Water-based dispersion Powder




Fluon+ PFA and PEEK-based Compounds

e Customized compounds to your specification in pellet form
e Processed by extrusion coating method

Current Construction

e Insufficient reliability for high voltage
¢ Pinhole defect

* Poor adhesion {primer needs)

e Cracking when bending

PEEK
Pl

e Poor flexibility

+

Our Solution -_ PFA-based -
« Strong adhesion to Cu/Pl (ascgorl';ﬁf’e‘:?a‘;er)
* No cracking (good flexibility) I
e Better electrical insulation Pl (enamel)
PEEK-based
compound -
(as polymer layer)

PFA-based compound

Better flexibility and adhesion to polyimide and copper without losing outstanding insulation and thermal properties of PFA

¢ No damage
¢ No cracking

Test Unit e PFA-based Crack Resistance (Bending Test) - Anti ATF
compound . .
Immersion condition: 150°C, 500 hr,
Melting point °C 300 300 automatic transmission fluid - 95.5 wt%
) e : _ MIT Folding Endurance Tester (ASTM D2176)

Physical Specific gravity 2.1 2.1 Flex life connt:
Melt flow rate (MFR) )
327C/5kg g/10min 11 11 PEEK Pl PFA  PFA-based compound

102~10%[102~103| 10¢ 10°
Tensile strength Mpa 39 35
Mechanical | Tensile elongation % 440 400

Flex modulus MPa 560 380
Volume resistivity Q-cm >1018 >1018
Dielectric constant - er
1kHz/1MHz ) 2.09 <210

Electrical tand 1kHz/1MHz tand < 0.0003 < 0.0003
Corona resistance Hour > 200 > 200
PDIV - Mono layer Hour 1,600 1,700
Withstand voltage \% > 10,000 > 10,000

Adhesion | to Polyimide Delamination 28.0

i N/cm
testing to Copper 2.1 29.1 Lo
Good Flexibility

TGA-5wWt% 505 508

Thermal °C .
TGA-10Wt% 520 525 Adhesion to Cu/PI

* No wrinkles



AGC's solutions / Extrusion

PEEK-based compound: mPEEK

Better flexibility and impact strength than PEEK
Sorne tests under evaluation
mPEEK mPEEK
Medium flow
KB-2020

mPEEK
High flow-2

Low flow
KB-2220

Physical 3'\‘/'237'2‘;';’&'; rate (MFR) g/10min 1 g 25 123
Tensile strength Mpa 96 78 71 54
Tensile elongation % 20 99 24 16
Mechanical | Flex modulus MPa 3800 3000 2800 2710
Impact strength - Izod at 23°C Jm 38 No break 102 135
Impact strength - Izod at -40°C Jm 34 95 38 91
ot Dielednc constant - ¢t . 32 30 29 29
tand 1kHz/1MHz tand 0.003 0.004 0.005 0.005

Flat Wise + Edge Wise, 180° Bending Test

e

PEEK-based compound: PDX-K

¢ No damage

¢ No cracking

¢ No wrinkles
Material: mPEEK High flow-2
Conductor: 1.5*2.3 mm
Insulation thickness: ~0.11 mm

Good Flexibility

Impact Resistance

Better insulation properties and flexibility, and adhesion to polyimide and copper
Some tests under evaluation (PDIV, adhesion, etc.)

Test Unit PEEK A PDX-K-22026 PDX-K-22027 PDX-K-22029
) Melt flow rate (MFR) )
Physical 327C/5kg g/10min 11 8 25 42
Tensile strength Mpa 96 98 93 80
Tensile elongation % 20 26 31 28
Mechanical | Flex modulus MPa 3800 2616 2663 2748
Impact strength - Izod at 23°C Jm 38 No break 180 86
Impact strength - Izod at -40°C J/m 34 161 125 52
Corona resistance Hour - > 200 > 200 > 200
) Dielectric constant - er
Electrical 1kHz/1 MH2 - 32 27 2.7 27
tand 1kHz/1MHz tand 0.003 0.004 0.002 0.002
Flat Wise + Edge Wise, 180° Bending Test
Flatwise Edgewise Material: PDX-K-22027
- = - Conductor: 1.8*2.3 mm
Insulation thickness: ~0.12 mm €r/PDIV

Mandrel winding test IEC 60851-3 ¢ No damage
¢ No cracking

* No wrinkles

Good Flexibility

Adhesion to Cu/PI




AGC Chemicals Company
AGC Inc.

Shin-Marunouchi Bldg.
1-5-1 Marunouchi
Chiyoda-ku, Tokyo
100-8405 Japan

Tel: +81-3-3218-5438
www.agcechemicals.com

AGC Asia Pacific Pte., Ltd.
460 Alexandra Road

#32-01 mTower

Singapore 119963

Tel: +65 6273 5656
www.agc-asiapacific.com

AGC Chemicals Trading
(Shanghai) Co., Ltd.

Room 2701-2705, Metro Plaza

555 Lou Shan Guan Road
Chang Ning Ward, Shanghai
China 200051

Tel: +86-21-6386-2211
www.agcsh.com

AGC Chemicals
(Thailand) Co., Ltd.

AGC Chemicals Europe, Ltd.
Hillhouse International
Fleetwood Road North
Thornton-Cleveleys

FY5 4QD

United Kingdom

Tel: +44 (0) 1253 209560
WWW.agcce.com

AGC Chemicals Europe, Ltd.
Commercial Centre

World Trade Center, Zuidplein 80
1077 XV Amsterdam, Netherlands
Tel: +31-(0)-20-880-41-70
WWW.agcce.com

AGC Chemicals RUS

Russian Federation, 121596
Moscow, Gorbunova Street 2
Grand Setun Plaza, Bldg. 204, BC
5th Floor, Block B, Office B 504
Tel: +7-918-555-34-37
WWW.agcce.com

AGC Vidros do Brasil Ltda.
Estrada Municipal Doutor Jaime
Eduardo Ribeiro Pereira, 500
Jardim Vista Alegre
Guaratinguetd, SP, Brasil

CEP 12523-671

Tel: +55-11-3373-9981
www.agcchem.com

Chemistry

for a Blue Planet
AGC Chemicals

™

944 Mitrtown Office Tower, 14th Floor
Rama 4 Road, Wangmai Sub-District
Pathumwan District, Bangkok 10330
Thailand

Tel: +66-2-092-6499

www.acth.co.th

AGC

AGC Chemicals Americas, Inc. The information provided herein is related only to the specific product
55 E. Uwchlan Avenue. Suite 201 designated and may not be applicable where such product is used in
Exton, PA 19341 ! combination with any other materials or in any process.

United States of America NO REPRESENTATION OR WARRANTIES, EITHER EXPRESSED OR
IMPLIED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR

Telephone: +1 610-423-4300 PURPOSE OR OF ANY OTHER NATURE, ARE MADE HEREUNDER.

Toll Free (US only): 800-424-7833
Fax: +1 610-423-4305

The user of this product has the sole responsibility to determine
the suitability of the product for any use and manner of use
intended. This document may be revised after its issuance,

Www_agcchem_com and the user is advised to use the latest revision.

Visit our website for compliance information and industry certifications.
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