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Electrical Lifetime Estimation of a Relay by Accelerated Life Test
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Abstract

This paper proposes a way to predict electrical lifetime of a relay using Accelerated Life Testings
(ALTs). The relay of interest mounting on printed circuit boards is usually under an inrush current
stress. The inrush current is generated and accelerated through controlling a lamp switching device in
the ALT. We find that the dominant failure mechanism under high levels of inrush current would be
contact welding in the contact surface of the relay and the contact welding process is accelerated
according to increase in inrush current. The electrical lifetime model based on Inverse Power Law in
term of inrush current is proposed, and parameters characterizing relay’s lifetime distribution are
statistically estimated using ALTA 6 PRO software.
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Table 1 Relay specification and criteria

Item Spec. Criteria
Contact Material Ag-SnO;
Operatlon \oltage 12VDE: Malfunction
Operation Temperature | -44~55TC
— of Relay
Max. Switching \Voltage | 300VAC (Short, Loose
Max. Switching Current 25A Contact
|\I\//|I'ax' Lr-lishllr;g cutrrent 70A Open)
in. Life Expectancy 100,000
(Electrical)
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A-1 _
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8Ee £ =3
] £g21 2 1,28
] ‘© nE 5
" Ss«=| G |S5&
% | Moderate
@ | Pickup/Release Voltage| @
& | & Contact Resistance
E Operating life :
é 100,000 times © 4o O
(<]
= | Temp : -10°C to 55°C
= - A O
& Humidity : 40 to 85% RH
Score 11 4 ‘ 3
(&) Matrix 1 - Modes / Mechanism
A-1 | Test Methods |
0-3 =
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Contact Welding
Material Transfer | 11 O]
IS & Erosion
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8| coil Short a1 A A ®
3
E .
!_oss (_)f Stiffness 3 ®
in Spring
Score 16 59 ‘ 20

(b) Matrix 2 - Test Method
Fig. 4 2-Stage QFD result
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Table 2 Test matrix

No. of Lamp
[EA]

1 25 EA
2 30 EA
3 35 EA

No. of
Sample [EA]

10 EA
10 EA
10 EA

Inrush current
[A]

208 A
249.6 A
2912 A

Exp.

Moving Contact Fixed Contact

#1

1,800
cycles

#2

15,000
cycles

Fig. 7 The degradation of contact surfaces according
to no. of cycles
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Table 3 Failure times by ALT [unit : cycles] Table 4 Conformance test result for life distribution
Inrush Current Life Weibull | E ol L |
208A 249 6A 201.2A Distribution eibu Xponential ognorma

#1 110 #11 30 #21 11 PRT
w2 | 148 | #12 | 54 | #22 | 22 "F"L‘]f]'é:g?]d 1161202 | -172.668 | -162.400
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