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Life prediction of the electric meter housing made of glass fiber reinforced polycarbonate
CHEN Jin', LU Chihua', DONG Jianjin', PENG Haizhi’*, OU Zhiyong®, LIU Lingzhi’
(1. Wasion Group Co., Ltd., Changsha 410000, China; 2. Vitae Technology Co., Ltd., Changsha 410000, China.)

Abstract : In order to meet the engineering requirements of product level reliability design and rapid verification, systematic
comparative research and model construction have been carried out for the prediction of the service life of glass fiber reinforced
polycarbonate (GFPC) meter enclosures, which mainly focuses on material standard specimens and lacks consideration of key issues
such as processing stress, structural non-uniformity, and wall thickness differences in actual products. Raw materials from two manu-
facturers were used to prepare two types of specimens:2.5 mm-thick samples cut from finished enclosures and 4.0 mm-thick stan-
dard injection-molded splines. Accelerated damp heat aging experiments were conducted under five conditions: 70 °C/95%RH,
75 °C/95%RH, 75 °C/90%RH, 85 °C/85%RH, and 90 °C/95%RH. The retention rate mechanical property below 70% was used as
the failure criterion to obtain failure time data. By organizing experimental data, handling outliers, and standardizing (Z-score),
based on the Hallberg-Peck model, multiple linear regression was used to fit to obtain the parameters of the life prediction models
for each group. The results indicate that damp heat aging mechanisms of the four sets of samples are consistent, with an average acti-
vation energy of 0.93 eV and a humidity exponent of 3, indicating that the material source and the shape and thickness variations of
the splines do not alter the core chemical reaction pathway of aging. Based on parameter consistency, an unified life prediction
model applicable to smart meter casings was established, whose determination coefficients (R?) were all higher than 0.995. The
model calculation shows that under the acceleration condition of 70 °C and 95%RH, the acceleration factor is 287.58. Conducting
487 h of experiments can be equivalent to a service life of 16 years under 25 °C and 70%RH environment. The model constructed in

this study and the proposed validation method based on acceleration factor provide a direct theoretical basis for the reliability design,
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selection, and rapid life assessment of GFPC meter casings.

Keywords : electric meter housing ; glass fiber reinforced polycarbonate ; damp heat aging ; life prediction ; accelerated test-

ing ; Hallberg-Peck model
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Tab.1 Results of damp heat aging

Samples Instructions 70 °C/95%RH 75 °C/95%RH 75 °C/90%RH 85 °C/85%RH 90 °C/95%RH
Notched impact strength Failure@1 296 h Failure@960 h Failure@960 h Failure@532 h Failure@80 h

Al Tensile strength 91%@]1 296 h 90%@960 h 91.47%@960 h 84.49%@532 h 89.55%@80 h
Elongation at break 76% @1 296 h 77% @960 h 79.06%@960 h 86.57%@532 h 75.80%@80 h

Notched impact strength Failure@!1 320 h Failure@984 h Failure@960 h Failure@528 h Failure@120 h

Bl Tensile strength 95.00%@]1 320 h 94% @984 h 85.76%@960 h 95%@528 h 94.12%@120 h

Elongation at break 84.00%@1 320 h 79% @984 h 81.80%@960 h 77.53%@528 h 82.67%@120 h

Notched impact strength Failure@! 512 h Failure@1 296 h Failure@1 200 h Failure@600 h Failure@120 h

A2 Tensile strength 94%@]1 512 h 90%@1 296 h 84.86%@1 200 h 91.58%@600 h 92.59%@120 h

Elongation at break 77%@1 512 h 77%@]1 296 h 78.54%@1 200 h 78.08% @600 h 79.91%@120 h

Notched impact strength Failure@!1 560 h Failure@1 320 h Failure@1 296 h Failure@624 h Failure@120 h

B2 Tensile strength 96%@1 560 h 99%@]1 320 h 98.03%@]1 296 h 95.47% @624 h 96.62%@120 h

Elongation at break 77%@]1 560 h 74%@]1 320 h 80.52%@1 296 h 83.25% @624 h 83.12%@120 h

Notes: failure@¢ denotes that the retention rate of mechanical properties fell below 70% at aging time ¢, which is defined as material failure in this

study; 7@t denotes that the retention rate of mechanical properties is r after aging for time 7.
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Tab.2 Failure time of samples under different damp heat aging

conditions

h

Damp heat aging conditions Al Bl A2 B2
70 °C/95%RH 1296 1320 1512 1560
75 °C/95%RH 960 984 1296 1320
75 °C/90%RH 960 960 1200 1296

85 °C/85%RH 532 528 600 624

90 °C/95%RH 80 80 120 120

95%RH) T , b5 #E FE 45 (1 B A 58 B I 17 5 (A2
92.59%, B2:96.62%) B A T3 FF 25 (A1:89.55%,
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Tab.3 Variable data
. y=InL
Temperature/°C ~ H(normalized) /K x=InH x,=1/T
Al Bl A2 B2
70 0.95 343.15 —0.051 293 30 0.002914 17 7.167 037 88 7.185 387 7.321 188 56 7.352 441
75 0.90 348.15 —0.105 360 52 0.002 872 32 6.866 933 28 6.891 626 7.167 037 88 7.185 387
75 0.95 348.15 —0.051 293 29 0.002 872 32 6.866 933 28 6.866 933 7.090 076 84 7.167 038
85 0.85 358.15 —0.162 518 92 0.002 792 12 6.276 643 49 6.269 096 6.396 929 66 6.436 150
90 0.95 363.15 —0.051 293 30 0.002 753 68 4.382 026 64 4.382 027 4.787 491 74 4.787 492

Notes: H is relative humidity; 7 is absolute temperature; L is characteristic lifespan, defined as failure time of samples in this study.

R R S R i ke R 2 O AR A R
FARLARE HE T AT 5 5 AE R 5 S5 A B . )
HE ) SR R DR 4l 803 58 i ) M Y
J5 2 AT R A B R A R B G T R
T o S B B 25 O R B
BP0 A . PARIA L T IR A A A 1 RR L T
AR IEAS 3 A b B0 5 R A P e S (E BRI
P v O 22 2 B0 1 B EORE . AR IE S AR 1Y
PRI, R HH 5524 68.26%) 23 70 A AE X +1 43
PRl 22 2 18], 2076 95.44% BRI s/ A 7E 4 {+2
FE bR 22 2 18], 1 LT BT A ORI 1. (24 99.7%) #6
SO ARTESEE3 bR 25 2 fa) o PR AT AT
P 3 bR O 22 B BCHE S AR A R S (L

TEABIESE H, InH A /T 19 20 0 LA 3 B A
[Fi], Ay G i s 5 v 2N 2 5 T 3 B AR AR AR A
AYBOAA B ), A5 BIE VAT T Z-score brife
PRARFE 127 53 K 25 AR B B O 808 R 0 B
WE2E 0 1 oA, A RGE R T B P, B 1 et
AR AR 7 A o P S . A AR S BRI AN
PEFE T Z oLtk mA S M e P SRR e 1
A fE A ER A P T B R AR 5 S I AT LA T 3 A b

BEARHE 5522 .

Al ATV i o G l= I Ve g = 3| U S = S S <6
Hallberg-Peck £ B S (L3¢ 4) . Ir A 41 5] ) pe o
FE(R)HE T 0.995, RABIRILI G 0E R i, 4
R R, EREAAEUNE , G e (E) 58
JEHE B (n) o BE— B, P {ELS000) 0.93 eV 5 3, B
A FEARAEZ S A R P B A AR LA S 98 X
HIw 2 B AR IR AL, AR Rfilis , B kA
Ak, IR MU HAE A A2 SOW A 5 5 A, B E
AR JEEERE T BH R AN " T BRI A Y
PR T U 1 AR N AT S B A R T

F4 HEASHESERSH

Tab.4 Regression parameters and model parameters

Parameter Al Bl A2 B2

B, -24.118 -24.172 -24.118 -24.702
B, -2.999 -2.998 -2.999 -3.002
B, 10 677.6 10 694.9 10 677.6 10 929.5
R? 0.995 0.996 0.995 0.997
A 3.22x10°"  3.10x10°" 3.22x10" 1.86x107"
n 3 3 3 3

EleV 0.920 0.922 0.920 0.942

Notes: B,=Ind ; B,=—n;B,=E/k; R* is coefficient of determination; 4
is constants related to samples; n is humidity exponent; E is activation

energy; k is Boltzmann constant.
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