E)P=ARi. _ Novel Machine Insulation Materials for UCONN

Power =lectronics & TransportatiOn EleCtrificatiOn Applicaticns UNIVERSITY OF CONNECTICUT

vrives Advanced CENTER FOR '

RGOl SatIcEatry Arshiah Mirza, Hiep Nguyen, Antigoni Konstantinou, Yang Cao, Ali Bazzi Q!ewa'!Energfy

Electrical and Computer Engineering, University of Connecticut ENGINEERING

arshiah.mirza@uconn.edu
Nanostructured Insulation Vateria

Stator ground wall insulation with Nanostructured Insulation Material 2:

- _5°° ° TSy Stator turn insulation with longer
| PR\ 1L/ S breakdown time
Aim E E Aim
4 Evaluate new nano-structured insulation materials 1, o () == o= O Evaluate time to breakdown of polyimide films
. . . ’F‘f,." “. :m‘ = | . “_‘3 N . . .
in marine propulsion motors f W E E é S~ under medium-voltage square-wave excitations
d Compare medium voltage motor performance with N\ N 1 Evaluate the effect of inverter switching frequency
mica vs. new nano-structured material as stator « , on breakdown time
groundwall insulation R, - -
i v gj-_—;;-.::i al \"\*»»~-i:::?_~‘;_g;; O r:__i,"f’ Mate rlal pro pertles

Material propertles Stator around wall Stator turn The polymer nanocomposites show an increased

NIMs exhibit largely enhanced thermal conductivity ) 9 : ) _ resistance to partial discharges and low charge

of >0.9W/(m-K) over that of micaceous insulation iInsulation iInsulation accumulation. The high aspect ratio and the platelet
(m-K)

materials (MIMs) at only ~0.25W/(m-K) [1] shape of the nanoclays, which require a pathway around

NIM properties the fillers for electrical treeing propagation due to the

O  High thermal conductivity >0.8 W/(m-K) anisotropic feature of the MMT cause larger breakdown

Q  High breakdown strength >40 kV/mm Nanostructured Insulation Materials (NIM) time (1]
3 Low dielectric constant <5.5 In medium voltage: propulsion motor &
d Low dielectric loss factor <2.5% at 155°C =
. \N - ‘ﬁ '
i i — \ - ’
- Wicg Iengpou
[ T SU0 EXMI o
- — ey >l % T
| PG Inorganic  SPraysun
1o | e o filler
Kapton
02 The coating precursor was prepared by dispersing MMT
nanosheets in ethanol/toluene using tip ultra sonication
for 1h. Polyvinyl butyral (PVB) was added in the solution
00 and dissolved via magnetic stirring. The solid weight
0 Se 20 e 100 152 120

content part is 5% in the solution, and the weight ratio
MMT:PVB is 1:4.
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Material evaluation

The electromagnetic and thermal analyses were
performed using ANSYS Maxwell. A customized MV
induction machine was simulated based on NIMM and
MIMM. The machine design was conducted using the
RMxprt tool in ANSYS Maxwell, which is a
template-based tool for fast design of electric machines.
The motor physical, electrical and thermal parameters
used in simulations are mentioned in [2].

A medium-voltage H-bridge inverter testbed was used to
stress insulation materials. The testbed has a capability
to operate up to 30kV DC, 3mA input to give a +/-15kV
bipolar square waveform as the output up to 4 kHz

switching frequency [2].
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Key takeaways

 NIM Stator turn insulation has a 2X higher time
to breakdown than industrially available
insulation
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Key takeaways

1 New nano-structured insulation material improves
the motor torque by 14% compared to mica.
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