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Reliability Improvement of an Auto Transfer Switch’
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Purpose: The purpose of this study was to analyze the failure modes of an auto transfer switch
(ATS), determine the most common failure mechanisms, and iterate the design to improve
reliability.

Methods: We carried out failure mode and effect analysis (FMEA) to determine the failure
modes and mechanisms. We identified the parts or modules that required improvement via
two-stage quality function deployment based on FMEA, and improvements to reliability were
monitored using the Gomperz growth model.

Results: The main failure modes of the ATS were damage to, and deformation of, the stator /
movable element due to repetitive movements. Five iterations of design modification were
carried out, and the mean time to failure (MTTF) increased to 14,539 cycles, corresponding to
85% of the target MTTF. The Gompertz growth model indicates that the 10th iteration of design
modification is expected to achieve the target MTTF.

Conclusion: We improved the reliability of mechanical parts via failure mode analysis, and
characterized the iterative improvements in the MTTF using the Gompertz growth model.

Keywords: ATS, FMEA, QFD, Gompertz Growth Model
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Fig. 1 Predictive path during life cycle of ATS



164

Reliability Improvement of an Auto Transfer Switch

QoA AN 3 FHF] Fol e
8918 #a13}ed <Table 1>3} 2]

Table 1 Induced environment during life cycle of ATS

ATS7} A Ed0l 93 v
< A3kl

Induced environment Natural environment
Vehicle | - Road shock & Vibration High temperature, Low temperature, Rain, Hail, Sand
- Mishandling shock and Dust
Transportation | Train - Rail shock & Vibration High temperature, Low temperature, Rain, Hail, Sand
p - Mishandling shock and Dust
Vessel i i/?i(;lcll;nglfin\gasvheoc‘gli Storm High temperature, Low temperature, Rain, Salt fog
Indoor ) 1I:Iigh temperature, Low temperature, Rain, Salt fog,
ungus
Store - -
Outdoor ) High temperature, Low temperature, Freeze, Rain,
Hail, Sand and Dust, Salt fog, Sunshine, Fungus
Use Indoor - Mishandling shock lShock, High temperature, Low temperature, Humidity,
mmersion

Table 2 FMEA of ATS

Part Failure Failure Failure Occurrence
name symptom Mode mechanism (1~10)
Eransp ort current | Ao strike Electrical stress 5
bl ecrease
Movable Heating Contact resistance increment |Electrical stress 4
element
ghangeover Break Fatigue by repetitive movement 9
ailure
Eransport current | Are strike Electrical stress 4
ecrease
Contact resistance increment . iy
Stator Bend Arc strike Fatigue by repetitive movement 5
Contact departure %Iontact resistance increment / Fatigue by repetitive movement 5
ransport current decrease
Lead wire Heating Coil disconnection Fatigue by repetitive movement 7
Changeover failure | Joint disconnection Fatigue by repetitive movement 7
Changeover . . Coil degradation and by long term
: Disconnection . 1
. . failure use / Exposure to high temperature
Moving coil - - - - - -
Switchover speed |Coil resistance increment / Coil degradation and by long |
decrease Operating current increment |term use
Bridge diode Changeover Sort-circuit / Disconnection Degradation by electrical over 1
failure stress and high temperature
Varistor Changeover Destruction Degradation by electrical over |
(TNR) failure stress and high temperature
Micro Coil heating Poor Contact Contact damage by log term use 1
switch Changeover P Coil disconnection by incoming
failure Contact / short circuit over current 1
Export / . Deformation of injection by high
Accessory Warp Deformation temperature and temperature change 2
Metallic part | Corrosion Corrosion Corrosion by temperature and 2
humidity
Bond Disassembly part | Secession / Deformation Vibration and Shock 2

*10 Point : Occurrence frequency of failure is very high, 1 Point : Occurrence frequency of failure is very low.
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Table 3 Step 1 QFD: analysis between failure mechanism and failure cause

ilure mechanism | _Stator/Movable Lead wire of antact Deformation | Joint | Metal part
element of damage . . resistance S . .
. . disconnection . of injection | failure | Corrosion
Failure cause and deformation increment
Low temperature - O - O O -
High temperature & - O 0 - S
Temperature change @) - - © - -
High temperature and
.. - - - @]
humidity < &
Vibration and Shock @) O - O O -
Salt fog @) S - - - o
Fatigue(operation) © O 0 - - -
1 Marking in accordance with importance of reliability: ©Very important O important <> Moderate
2 Failure mechanism indicates all failure modes involved in those materials and components.
Table 4 Step 2 QFD: analysis between test method and failure mechanism
. Test method Low High Temperature High o Salt | Continuos
Failure temperature | temperature change temperature | Vibration | Shock spra operation
mechanism P P & and humidity pray | op
Stator/Movable
element of damage - O o O o} O e) @)
and deformation
Lead wire of
disconnection < ) i i © < < ©
Contact resistance
increment i % i & ) ) i ©
Deformation of
injection o © © i © © i i
Joint failure O - - - O 0 - -
Metal part
Corrosion ) % ) © ) ) © )

1 Marking in accordance with importance of reliability :

OVery important O important <> Moderate

2 Failure mechanism indicates all failure modes involved in those materials and components.
3 Test method indicates environment test involved in those failure.
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Table 5 Design change of ATS HS 100A

ATS HS 100A AE<] A4 32 913 FMEASH
QFDEFH &% ZAE o= <Table 5> 2
o] 4A1Z W7 3tk

32ATS A4 A @A A
ATSS 1 EE Ao & 8 14 AAYE
& W F Ao o) whgbA e 7oA ATS 9] F4
ALHON/OFF Afe] 2ol me} £33 1 84 whaga

No Before improving
1
2
3
- A
(f) Embo 0.0mm, O.Sm
3 J' |
4
(g) Embo_separation type
5
(i) Closing spring & Wipe spring (j) Closing & Wipe Spring: 80%, 90%, 95%
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(c) Electrical operating test

(d) Mechanical operating test

Fig. 2 Reliability test equipment of ATS
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Table 6 UL 1008 standard of ATS
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T8k A W Aol 9ol A (Cycle) &&=
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Switch rating Rate of operation® Nllmber of cycles of operation
With current Without current Total
0~300 1 per minute 4,000 2,000 6,000
301 ~ 400 1 per minute 1,000 3,000 4,000
401 ~ 600 1 per minute 1,000 2,000 3,000
601 ~ 1,600 1 per 2 minute 500 2,000 2,500
1,601 ~ 2,500 1 per 4 minute 500 2,000 2,500
Over 2,500 1 per 4 minute 250 1,250 1,500

* Conducting the test at a faster rate is not prohibited if agreeable th those concerned. but not faster than one

operation per minute for tungsten ratings unless a synthetic load is employed.
The test shall be conducted at 100 percent of rated current.
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Table 7 Reliability analysis results of improved products

Confidence level: 95% | Target
o Scale Shape
No Sample Distribution MTTF MTTF
parameter parameter

(cyc]e) (CyClC)
1 - 8,385 8.20 7,909
2 - 8,795 3.33 7,893
; Embo 0.0mm 8,504 9.67 8,078
Embo 0.5mm 8,381 7.74 7,880
Embo integral type ) 10,934 19.60 12,697

4 Weibull 20,000
Voltage 80% 15,269 10.37 14,546
Closing 95% & Wipe 80% 12,245 12.20 11,741
5 Closing 80% & Wipe 100% 13,001 6.10 12,073
Closing 95% & Wipe 100% 12,081 61.00 11,970
Closing 80% & Wipe 80% 13,898 29.40 13,641
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Fig. 3 Gompertz growth model of HS 100A
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