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Nano Silica sFo|HB|E FAI]

Estimation of Insulation Life of PAI/Nano Silica Hybrid Coil by Accelerated
Thermal Stress

oo E
(Jae-Jun Park)

Abstract - In this paper, four types of insulation coils were fabricated by adding various kinds of glycols to improve the
flexibility and adhesion of insulating coils in varnish dispersed with PAI/Nano Silica_15wt%. The applied voltage and
frequency were 1.5kV/20kHz for accelerated life evaluation. Through the 6th temperature stress level, the cause of the
insulation breakdown of the coil was ignored and only the breakdown time was measured. The Arrhenius model was chosen
based on the theoretical relationship between chemical reaction rate and temperature for estimating the insulation life of the
coil due to accelerated thermal stress. Three types of distributions (Weibull, Lognormal, Exponential) were selected as the

relationship between thermal stress model and distribution. The average

insulation lifetime was estimated under the

temperature stress of four types of insulation coils through the relationship between one kind of model and three kinds of

distributions.
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I olErE AIE H MR 3-8e SoliAl nEkS TEOS B %
718 ETES AASITE AEE U A7k 50°C AE 280
Al 24N AZXSE & HAIAOIHO HEtsto] ARSSITE L 4
gi7le] e ARdez HEs| flste] AXE Uk AZl7t
20 g5 OIERE 100 mIQt BF4 30ml EeHol| BART & A
AF 0.35 mlE FQSC}. 83 p-aminophenyl trimethoxysilane
(APhTMS, Gelest Inc.) 2g8 E¢8l1 50°CE {AIst & bt
SHHA] 10A1ZE SO BFSAIZICE MEE L A7t |AED
g AIEolo] Eelst & oEe AE 9 dAMEe 3FE 2
3 AAJSITE AlEE BEAD U AglZle 50°C JE E0

Al 24X Az = HIAIACIE o Hatsto] AFE ST

Polyamideimide (PAD/Lt: A2I7H15 wit%) HILUAIE AZS}
7] QA 15wt%2] PAIZ}F N-methyl-2-pyrrolidone (NMP) &
mj Zol 3= PAI SH(CTI Co) 100g 0] BHAD L
A7} 45g8 BUAAA AZSIECE AxE HUAIE ALE3)
o] EAFsolA Fe] gtolojol HESto] LS AASHTT

2.3 Sample Preparation

2 ooa] JHErE 48% T &, Number_1= PAI ¥E
SAZ2 FESH Y, Number_ 2= TMA 1IM/MDI 1M(4,4-MDI)
AelE ZL0|M, Flexible Glycolo] ZFIEA] FAOM, LAl
7} 15wt =2 BAME AYolth oj7|A FHel® MDIQ| ek
HE# T] #HY C] O]A&AIOHOIE, WEks T[] O]4A|o|0]
(Methylene diphenyl diisocyanate, 4,4'-diphenylmethane
diisocyanate) O|C}. 11| FL19] O]AAJORAOIE 7]9] X[ wh
gt TSt oldZRIZY Qi) &, 44'-MDIE 44 'Olg&A = H
X072 71 del AREst Ut Number_3+= TMA 1M/MDI
1.01M@4,4-MDDES &It T, Flexible glycols@] BPA gylcol
0.005M9] gt EF7F o, LUeAgZt 16wt% 7 24 HE
LAIE 5 Tgst 1Yol MZo|t}, Number 4= TMA 1M/
MDI 1.02M(4,4-MDI 100%)& X2I5tdal, Flexible glycols®!
BPA gylcol 0.01M + PDMS gylcol 0.005MO] EtEl Lp-Al2|7}
16wtk B2 A HUAIE TS FEsh A9 MEOIL). 435
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Table 1 Types and contents of manufactured coil
Type of Contents of Vanish
Sample
Number_1 |PAI (Polyamideimide) Original T&
Number 2 PAI HILJAJO] TMA 1M/MDI 1M (4,4-MDI) & #&]
T s upag olgsie] BUIES LAY ZEiEd
TMA 1M/MDI 1.0IM (44-MDDQF SISHA| BPA
Number_3 | Gylcol 0.005ME F7ISt HUAIE A|xsto] AESES
SEAR A3
TMA 1M/MDI 1.02M (4,4-MDI 100%)Q} SA5HA] 2
Number 4 ZERQ1 BPA Gylcol 0.0IM + PDMS Gylcol 0.005ME
W msi0] MR HIUAIE olgsi0] BUiES BAAl
71 g9l
= 53
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Dong Co. LtdolAl RAIZE ALE ARSI
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Fig. 2 Environmental temperature & insulation breakdown
life measurement system
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Fig. 3 Applied inverter surge output waveform
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3.1.1 Arrhenius-Distribution

® Arrhenius-Weibull
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Arrhenius-weibull FE  pdfolA] U:L(V):CBT/O]E}.

a3l (WAl nE thelolH
(5

fev)=—Lg Ly o @

CeV CeV

O Ye 2pAEfA HEoAe pdfs H =2 scale
parameter®t &7 QEZROZ T s0jLial, 1 S0 e &
AsHA A gutt o] A= Arrnenius Q] B uletu]E7}
Q= uf TEEFU

@ Arrhenius-Lognormal
lognormal £39] pdf=

1
1 2 T
7)=—F——c¢ 7 3)
f( ToT /2w
oj7|1A Ti=In(T)olr}.
T . time to-failure
T : time-to-failure®] RIitl4=0] B

oT : time to-failure®] K}IT}<=0] FEHAIOIL]

A

Lognormal X9 &3t T=e’ otk
Lognormal H¥ pdfe UFE1} 2T

Arrhenius-

) T'—ln(c)—%‘
. kY
ATV =————e * o @

ToT 27

JhEE Ax AEz| Ao 28t PAI/Nano Silica Sl0|22[E 22

nz
2
=+

Trans. KIEE. Vol. 68, No. 1, JAN, 2019

time-to-failure®] AIU|Z20] BEER} ¢T= LEAEF A
= SgAHOoIT) ol 7EL BEx9| o] 2EAEH AR 87
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1-parameter ASGEREZY] pdfe f(¢) = e ME FOJZICH
1
1-parameter Al 2320] et BirHe )\:EQE FoR
Lt &,
t
[
ft)=—e ®)

o|t}. Arrhenius-Exponential & -E3ZO] pdfolAl m = L(V),
B B

L(V)=ce Vol tatd m=L(V)=cCe "7} ®rh
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WA
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3.1.2 Arrhenius Relationship
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AFe QR0 AHEINAIE ARG, T fEAE
Blsol Tie gEke Bk Slstl, 8 fraEdAt 3,
70, 100, 130, 150 I=]a1 200°COIC}. Arrhenius Model2 2L
7 2 E ShUEA], HiESSE Re 2 @UeR) T #
A4

E,

R(T)= C» exp(— ﬁ’) (7)
63714

R : HISEE T= HSg,

C : mA9 v &5 A=
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k  BZATF A4(8.617385 10 e V/K)
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Arrhenius ¥AlE ARAQ O|FE A4-AALRE LIERHOIR
) fEAEdATl £¥5 9H0 AY A9, meiE B o
S Aoz g & o}

Eu_ actiationenergy _ activationenergy

k  Boltzman'sconstant  8.623 %10 %e VIK (10)

B=

o7IA Ex &8st dUXZA A8H @ prior)?! #tolH, Be
43} ouXQt SYs HEE ZH=r] &, Be fEAEHAYL
Fyol|l ggke Fol 4% Folth BY Fol 245 EF 2%
AEH A0 thst Hol 9]EMo] wolXIt) miE B 29
#e 7 ¢ QU 1 B9 FEHe 2 AEY AV S| w
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Da)

¥ 2 Arrhenius-Weibull 8329] $£H-LEAEHA A$
Table 2 Life-Temperature stress coefficient of Arrhenius-
Weibull distribution

Arrhenius-Weibull

Types of Coil B B C
Coil_1 3.93 679.20 1419
Coil_2 2.04 282347 0.034
Coil_3 2.52 1953.51 0.420
Coil_4 2.58 2629.98 0.052
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E 3 Arrhenius-lognormal23E0] $H-2EAEHA A4
Table 3 Life-Temperature stress coefficient of Arrhenius-

lognormal distribution

Arrhenius-lognormal

Types of | Standard deviation B c
coil (STD)
Coil_1 0.3438 858.6755 0.7616
Coil_2 0.4481 2473.3116 0.0692
Coil_3 0.4853 2072.1790 0.2457
Coil_4 0.4673 2629.3679 0.0420

I 40)A% Arrnenius-Exponential 229 £H-2LAEY)
2o mE 7KEgsto) Algddo] mE g A¢RExo 54 4
WO AleE LIER Zolth o714 AlgElEe 313K(30°C)0lAl
gt Aulo|tt.
¥ 4 Arrhenius-Exponential 23¥9] $H-2EAEHA Al$:
Table 4 Life-Temperature stress coefficient of Arrhenius-

Exponential distribution

Arrhenius-Exponential

Types of coil B C
Coil_1 774.9636 0.9993
Coil_2 2631.5650 0.0507
Coil_3 1998.0650 0.3312
Coil_4 2641.5068 0.0450
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Hog e 3]0 Amolth o= A8 PAIFAIE A0 BN
FESH FUZA SEAEH A0 2 gag R LUtk &, A
20MLE I20i4 ThEE Fosgol zjol7h IA UR Ze
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Table 5 Average lifetime of four types coils for three

Arrhenius models - distribution
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(a) Arrhenius | Arrhenius- | Arrhenius- Confidence
Coil_1 -Weibull Lognormal | Exponential
313K 11.26min 12.55min 11.88min 90%
353K 8.80min 9.20min 8.97Tmin ’

(b) Arrhenius | Arrhenius- | Arrhenius- Confid
Coil_2 -Weibull Lognormal | Exponential onhidence
313K 253.5min 206.6min 226.9min 90%
353K | 91.2min 84.4min 87.5min ’

() Arrhenius | Arrhenius- | Arrhenius- Confid
Coil_3 -Weibull Lognormal | Exponential onhidence
313K 191.4min 207.3min 196.0min 90%
353K | 94.3min 979min 95.1min ’

(d) Arrhenius | Arrhenius- | Arrhenius- Confidence
Coil_4 -Weibull Lognormal Exponential
313K 207.08 208.53 207.91

90%

353K 79.91 80.49 79.90
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3.14 Acceleration Factor
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Table 6 Acceleration coefficients of four types of coils in
the Arrhenius-Weibull relation

Acceleration Factor 333K 343K 353K
Coil_1 1.13 1.20 1.27
Coil_2 1.71 2.20 2.7
Coil_3 1.45 1.72 2.02
Coil_4 1.65 2.08 2.59
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