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(SUMMARY>

Purpose &
Contents

The purpose of this research is the maintenance and management
technology development for TCSs (Traffic Signal Control Systems) on
the national highway which are closely related to the public safety. By
applying the Prognostics & Health Management(PHM) techniques to
TCSs, it 1s possible to predict the reliability of TCSs in real time.
- Study on TCS operation based on RAMS(Reliability, Availability,
Maintainability and Safety)
~ TCS failure prediction and health management (PHM: Prognostics &
Health Management) technology by using Big Data
- TCS on-site safety and maintenance based on the IoT (Internet of
Things) dedicated wide area network (Lora LTE-M, etc.)

- DB Research of TCS Knowledge Matrix based technology

Results

TCS Operation Maintenance Technical Report based on RAMS
System of TCS PHM Prototype

Technology report based on site reliability monitoring of TCS under
the control of IoT

— Technical Report of TCS Knowledge Matrix

- TCS Maintenance Technology Guideline based on RAMS

Expected
Contribution

- Maintenance and management technology for TCSs (Traffic Signal
Control Systems) on the national highway.

- TCS on-site safety and maintenance technology based on the IoT

- Error-Code of TCS based on Big Data

Keywords

Reliability, Failure
Availability,
Maintainability,
Safety

(RAMS)

Traffic Signal Mean Time
Control
System (TCS)

(ie. TSC)

Prognostics &
Health
Management
(PHM)

Between Reporting,

Failure Analysis
(MTBF) Corrective
Action System

(FRACAS)
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- ESD: A7) wAolehe mow ARAE FAs)7 wAEAS W FAFIF W PCB

Som T Bol7t LAFS doslt AL Fakul, AEe] 2 R gl FA/E <
AH oz MANA AF] ol ge] LA PEAT

- Surge: YE= So® MU EAA Y Fx 1 AEg A Ay, ARE T B o

o] #

rr

A& HEE
- EFT/Burst: 714 #he s=ehs 5o AxAFe A4 o5 R Ao £E Sol A%
O~

Hol A we Fr e HrEss Ay =

l\g
o
)
i)
-3
=2
—‘_l‘
=
oX.
o
o
>
{m

- Voltage Dip(3=+ Power Interruption): A%t 74 ehs Lo AApAE 3 @A A
o] 1AL AT B Aol Fol A E Z7Fe] S A7 Fo Hto] IEE= A

H2E

o

@ EMC %44

EMC 9ot 4eia wae, a3 249, 4277 $adow ol
]

A9 AdR G, By F ole, Bl 53 BF AW HFEF, $F B F

- ABH w49 ok, RE S, vhelamsto R(dAAuA), A4, 5 B g )
9 A, e S AEH, FREell ARE 2 £9E, BHF, FAYE, 5418 5

_23_



® EMC ## 3+4
EMCe} #& € 7742 IEC 61000-4°] 55 o] glom 7} A &5 o

- IEC 61000-4-2% AA7] WA EZA AAY &5 L 7|7]d tidse As7 4Eed uf ~n}

o
ﬁ,
m
s

Evg e FiF v 3odHoly E4, o3k FFF, Al #F AR

T GIS Sl ogh 2 WAbe aFad AR 1g AvfETE Y] @ 52k Bl Q A}
3 A

- IEC 61000-4-4+= w3 =AM A (Burst) WA 24 GISW A9 =94 os) A= e
MEAQ wFET AR FAHem PERES wASA o o] Bad Axy

of AU Qo] #BI A|F

=
c

u!

- IEC 61000-4-5% ZFA A (Surge) WALZA oUx7F & I3 GISE Ad Zo=
EMC 14 % oy ol 7bd Am zmpEnge] FE3 329 v s st

= A

- IEC 61000-4-6 aFvde WA= dFapdzpA wAkeh FARSHA R sh2 Fulbgt) o
of MAAZE A T TAE wet ~vtEVHE FYE A A okl ek A g

- IEC 61000-4-12% #Ax 53 WAz Ag3a 293 wFoly 249 52 Aw
& wf dAs= AA T AnpERE Y FEolu MCU9

AAlE e AlY

to

&2, Rl AdE dolE Tt

- CISPR 22% AAIHA o ZA HAApite] HAFS Atels 2oz 2~ntEn|HoA A3
© AA7 g2 717)e) 43S 71E ¢ 7] "Wl w= FCCU IECS] CISPR, =di ol A
T AIstAd met gfA diideld, dxf AEstEla e PLCAIA B4l A=

i el ]

T AL wEAzA7] EMCAES H&sto] wsilzAlolr]el AHAE 7IEe] W

AFe Az 15O FASY 4 FARE AuE T F dE AL AAR o) v

38) KS C IEC 61643-11,12

_24_



NSETH Xﬂ 5

.
o

Yolg9] CALTRANSS wEAl s A7 3F4 0
71E A L ol A A

-
X

(7}) =~

)

0]

_25_

Fault Detection Status
Green-Green Conflict
Green—Yellow Conflict
Yellow—Yellow Conflict
Green—Red/Yellow Conflict
Green—Green/Yellow Conflict
Absence of any Conflicting Red signal
Absence for Conflicting Red on Specified Signal Heads
Absence of the Last Conflicting Red Signal
Absent Red
National Signal Regulations(Infringement)
Absence of a Red signal on a specified signal group
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Absence of the last Red signal
Absence of a Number of Red signals
Absence of Specified Red signals
Absent Signal Groups, Yellow or Green Signals
Compliance checking
Stroed Values of Timings
Time Base Frequency
Minimum Values of Time Settings
Maximum Settings of Time Settings
Duration of Timings
National Signal Sequences(Infringement)
Specified Signal group Green to signal group green movements
Specified Signal Start Up Sequence Signal Group movements
Faults of External Inputs

Q|00
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o000
o000
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% 8 I7PE TCS &4

=7 it 4
Country Specifications
Bl BAH fz 17
NEMA TS-1
NEMA TS-2
u) % MA TS
ATC 2070

CALTRANS-170
BS7987 (HD 638)

#4
TR2500A
Je 9¥ ANH +4
(th TCS F&74W 8448 5 v

=3
MN
44
N

FHe aFATA 7] FHAY o] LS Falowg Iy Alao]
o7 HE BA3AY. FHFFL BS7987, vlmi41e NEMA TS-1, "= 42% NEMA
TS-2, M=+ 243S CALTRNAS-170, dE 44 dEAA A FA0lx, 714 AEH &%

Tolth. w59l CALTRANS 1149 A fie wgasAel7|o 14 7|ES 83%(357] Al
J&E F 2970), NEMA TS-1, TS-2% 80%(357) Ald&dE F 28700ty A& 742
Hol wFAEAA7Y 4 7|eS T4%E5M Al@EE 5 2570 ot w7 AS 1+ H Y
WEFANEAN7IY 74 7]EE 57%B5 AlFEE S 2070)elH, & =7te] vlE SFFAH
Fmol Eys A EsA R PR ) FAGFE 9Foln
F 9 wEAsA7e] F7HE FPAY 4 v
WFAZTAA7] AE 4
T Specification L% 3} v = Q)
30 =5 [ 1 2 3 | &
Operating Voltage Range O (@) O O O O
Low Voltage Switch off response Voltage (@) O O O O O
Electrical Low Voltage Auxiliary state switch response
Suppl Voltage 0 0 0 0 O O
pply
and Limits Overvoltage 0 0 0 0 o) o)
Voltage Dip O (@) O O O
Mains Frequency O O O O @)
Criteria - Leakage Current Road Traffic Signal
Systems 0 0 0 0 O
Criteria - Leakage Current Maintenance Equipment 0 0 0 o) o)
Safety Supply
Earthing O (0] (0] (0] 0] O
Accepting methods of Earthing (@) O O O O O
Enclosure O O O O O O
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Terminations

Controller Enclosure Doors

Controller signal outputs

Requirements of Signalling Intensity for Safety

Requirements for Signal state (i)

Requirements for Signal state (ii)

Location of Monitoring Elements for Signals

Location of Monitoring Elements for Detection of
unwanted Displays

O |O|O|0|0|0|0|O
O |O|O|0|0|0|0|O
O |O|O|0|0|0|0|O

Fault Loop Impedance Test

O |O|O|0|0|0|0|0
O |O|O|0|0|0|0|0

Insulation of Live Parts to Earth

Test of RCD(Residual ~ Current Detector/Earth  Leakage
impedance Breaker) For the complete System

RCD(Residual Current Detector/Earth  Leakage
Breaker) For the Maintenance Socket

Maintenance | Maintenance Testing Procedures

Dry Heat, Cold, Damp Heat, Temperature cycling
Test

O |0 O | O |00 O |000I0|0|0|0

o |0 © | O
o |0 © | O

clNolcl NN N
clNolcl ol N

Storage Temperature

Environmental Solar Radiation

Random Vibration, Shock Test

Salt Spay Test for Cabinets

ellelle)

EMC Test Surge Suppressor with Relation Testing

o100
[elie)ie)

O|0|0|0|0

Radio Interference Suppressor

Burn-In A Minimum 100-Hour Burn-in of All Modules

Ventilation Fan by Auto-Thermostat

Ventilation Filter

o010

Others Impact for Equipment Enclose

Water Penetration

O|0|0|10|0

Impact for Signal Heads

100%(35/35) 100%
0

80%(28ea) 83%(29ea) 83%(29ea)

74%(25ea)
75%

57%(20ea)

- 50%

- 25%

uR 2 NEMA CALTRANS  ATC2070 S 21857987
T81,TS2 170/170E
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217Plus™3= 19991 RIACOIA] 38 PRISMP] the At Rz 2R 4oz PRISMY9
M 2SS Faetda] ddE FERY 5 PRISMPe] ztw 9l UAlA A4S Hekate] 2006
d RIACOI A #xE 9t PRISM® 3 vp37tA &2 317 MIL-HDBK-2175.9o] zta gl 7

HE FAe BAR @7 71 g AA AQAA ol A A AWES A
gtn 9o, Ad FE AQNAE 0dH FURE Hoh mE SEE wdsn g A

Telcordia SR-332(7+ Bellcore)
Telcordia(-*+ Bellcore)= 7=2] Bellit7} 541 U EYZ #AH] L R&DE F5o2 F73}H7)
s AEg A4 ALAFoer 19973 SAICHE7F BellcoreE ¢14-3FH A Telcordia® ™ 3 ©]
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WAL A, A7)/ AAFF] AFHA o SF242 SR-332 Issue 12 2001 =90, Issue 2+
2004 @ of] sl om A FHA WAS 2011d =0 W H Issue 30/t SR-332& &A%
Hlgol A gk FARE Aulel] FR2 AMEEE MIL-HDBK-2178 7122 A= o] AR&A4be] ol
=S e, AP Ade Alg Ay o AYE AEEE FAH Qo] Tl g

ohueh TG AUE AT AN N5g AAAE A o) Fo] Bo] FEH; ok,

HE

[EC62380(7+ RDEF2000)
IEC62380(7+ RDF2000) MIL-HDBK-217¢4 A dst= 2o F% /5 Adstar 3l
om Aol on/off AlolE¥ % Alo]lE, vl HHI HARE 253+ IC(Intergrated
Circuits)oll t3] $-53 dF 7S A A4 435S 93 AEHZ g17] 2 =(Ambient
Temperature), PCB o) 7] %, Technology, B}Y, Transistors <, 84bd%= 59 HH7F ZQ
alth. wlat RIACOlA 71wsk PRISM®¥ §AFek w4l o]8], Thermal Cycling® Dormant

System Modeling ¥4 0] 7}53}t},

@ PRISM®
PRISM®2 Ay 200019 DoD RIAC(Reliability Analysis Center)ol Al 712% 2t} PRISM®
< RIACZ} |grek opksl w3k dlo]g Hlo]2~ = NPRD, EPRD 53 A% & 3lsto] A3}

H, A" g FAe FEel HEEy] S1g Aud FeAs ATk PRISMUe
Software 21¥%x= #4& e, 2%, 5%, IE 59 9 AH7L SAsH, dA FF
A& ol A ozl Algke] YARE gtomeo] ggo] v Z S TFA L Q)

Q@ AN E(FARTE) #d 74

@) MIL-STD-470
1983y o ¥7ke MIL-STD-470A(Maintainability Program for Systems and Equipment)+<
AU E(FARTE) A5S A8 45 Aol F5HAY. 2 42 Al=d/4808] s A&
T4 (Modification)®l] gt &S >x&sta o, AZEJ]
of Ar%e A W& EFata A ¥tk 19899 =& MIL-STD-470B7}F 717 = it
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W MIL-STD-471
19733 o] 27k MIL-STD-471A(Maintainability Verification/Demonstration/ Evaluation)®l|
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©@ MIL-STD-472
1966 d o] 2H7kel MIL-HDBK-472(Maintainability Prediction)= ZZAE #z 2 A7
AAY7L FARS o5 dAE A g8 AFHEAT. 2 A2 AHE o5 dAAE
Procedure I"Ve] 57FA] 2 F-iEste] AAeAaL, Fd, obd, 3 AH] @A) g datA,

A% 2 AR E e AHle a4 E 5] s AR E AT

€ DOD-HDBK-791
1988 = o ¥7kel DOD-HDBK-791(Maintainability Design Techniques) &&%¢l 7l& =
dS 98l 2o 7 A 849 AFEEe AuE FJFS 9% 5 Aol FEH o vk
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L. PHM 7]& 195 A
(1) PHM®] 8o} d84

PHM (Prognostics and Health Monitoring or Management)< A 8|1} #H] Al <8l o] AL&
7oA AlM & ol&ste] Hu] & Al et dHolHE 53 F o FAHE Ads
A A

LA ol WA F QEAE v dAstel wF WAl A A Fo 2AE

ogym Aule AXAS Rz st 7]Eolth. PHMS &
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ol
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oL

ob7} Mg HAElE dSetn AAF R A FoEM O FAVIF hdsHA AR F 9
= ot7] Sl Al g

PHM= 1980t = RIZF ool A A7) Afargo] &a7lnn 30uiv x5S vhofsta
olF Fo|7] #% HHom Ag7F AAHAT. 0dW =o #7VY dALHE #BEE=
HUMS(Health & Usage Monitoring System)S 7Jetsta A A al7)o] #A23ste] 83 2
I ARLES ARk o]t ® HAaA = UAA" Zo] EAA] A AVIZE H v 20001
o= w= IFWuSATH(DARPA)°] Structural Integrity Prognosis System(SIPS) 2

CBM-+(Conditioned Based Maintenance Plus) T2 13& At 53 AF7|(JSF) ¢ A4
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Aol PHM Z2a9S 242y 9ete] A F71A 7|s/MeS A S&ska i, 20031 -
A (DoD)] EF3RAA 500020 PHM Al 2818 ubAud]o)] o 13}sl =2 A9t}

PHME 43 Al 8ima go] B39l 7142 545n gtk A2 Sof glie Auy
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Foz AA FAo]l AA st AMEIZE HAE £ Qo] 1 0S5 718
ARy ) AlaE o] Ao urS fElA = 4 Adule] AAY AT A A REH AFEAS
A=A o g agslelol st} = Aujo] RAMS 74k 7ty #)zbo] A d x| ojof 3lr}, o] 23k
TAE sZsty] f8 Ad FAHEE A7 et 1S oAWste A1 E A A A (Design for
Reliability)oll 77} =R ow, 53] AFAd 7|9k #2447 (Reliability Based Design
Optimization, RBDO) 7]<o] &3] 7y o},
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= A8 Ade]l a9 AY g ow g vl golyt Jafi7p wofgk Ad-goll= # 8o &rbs
sl7] wistoll aige] WAYsly] el AgulE AAsE dWgH] (Preventive Maintenance)E %
AlstAl H A AR = A Fole Al At Fx2 AulE AAste BUIARE
AA A T, ol = Auy FH] o] ALEAIZMS VEo R AHE AA e FAGHE A A

el

A Atk el o5 AuiAe AA AF FEold nA b neshA ew %
A

o] vl= o %] H] (Condition Based Maintenance: CBM) ©]t}.

CBM2 dule] FHE 7[+22 AuE AAstoof stz oy 7H4] AXy 54 FA &
o] gslolof ot} o2l AMNERLE ol Auldefd] W FHE ulgow A HuE

et (diagnostic)stel AgH] o5 ZAAstaxl df= o] CBM o|th. Ut E= CBMolA &

g1 & e DI ES AT AT

39) A2 (2012). AM]AH AR (CBM) o FxH, 84 A&,
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NE) Y Failure Surface
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Xt Design g c . = . =
RAGA A%
L] Goo>0 Corrective Maintenance Predictive (Condition Based) Maintenance
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(E7145 9F AH)

| Fostor of Safity= Material Strength
Design Load
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483 gk,

(2) PHMS] +x

PHM=2 &8 << Alz=golyt ] o s

O A AZ oY s AshHS A4 (Health Monitoring) 3} il
“H(Diagnosis) 3} ™

@ AA nZTE == AARES =28 % 1y 9 =(Prognosis)slo]
]_

©
o
o
o
Lo
il
=

@ a3 Aot Au) A= 3= A A B2 (Health Management) 7)< ]t}

ol¢9} & PHM<S v= wlHdd= tfgte] CALCE A4 Pecht2 thg 193 o] xy<l

o

F:ulurc ‘ﬂndu, \'lechanlsms and Ef!‘cetn Annlys;s {F’\L‘\-lEA]

[ Design ‘ “Failure | [ Failure | Physics of | Life Cycle ‘ Maintenance
_f\ Data . Modes . Mechanisms | Failure Models | | Profile . Records

| Risk Assessment: Detection, Severity & Occurrence J

T —

Virtual Life Estimation _>

=

[ In situ life cycle loads 1 Physics-of-Failure Based
and performance i L] Health Life Consumption

| monitoring ) and Monitoring

= . Prognostics ! Data Trending for
= Existing sensor data | Monitoring of | Precorsir
* Bus monitor data ’—-I System kimdanrenth

«BIT, IETM !
. e A

i
[ Remaining Life | [Life Cycle LoglstiuJ
Assessment | and Cost Analysis

18 11 CALCE ¢ PHM =79

CALCE ¢ PHM =z 99L& PHMS] +5 ¥ S AAstal vk PHMS +338H7] 918A
= A Aol QI7bE = Wb Felu JeAE BUHHEE o gttt o]E flsiA = Al
olH Y dlolEHM 2~ EUHHHolE, BIT (Built-in Test) "], IETM (Interactive Eletronic
Technical Manual)43) o] dlo]gE AAztow wUEE &tojof 3t} o]&A 4w HolHE
& FMMEA (failure mode, mechanism and effect analysis)E &3l 38 g2 H 719
!

o

Ay 59 7P Ed = (Virtual Life Estimation) 2]& &85t Zol4-H o =S 2 A

42) M.G. Pecht (2008). Prognostics and Health Management of Electronics, Wiley.
43) AF7] T R A T #AHH VEuwd
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A Hoh ole] 35 ol 7] 93 Aofu]E BN A 4 it} o] AAHNM= 1FE
2] (Physics of Failure: PoF)& ©o]&3F A% ZUHY, ndHAxFdo tish dolg g

24, o9 4 42 5o Pyol BEHE,

¢ v Sandia ArAolAM = U 2 2ol PHM o793 & AlAJskaL Tk

Updated TTF Distributions
| Estimates of Remaining Useful Life l

Bridenes Engine Consequence Engine

-Envimnmen_ta_l Conditions
«<Maintenance History
«Aging and Time-to-Failure

Maintenance
gtéﬂ vy |

System [Model

Data Fusion:

PR

19 12 Sandia 94 PHM Z29) op7] €4

Sandia 7429 PHM of7| gl X oA &= -4 Aujo] e AAE9 dolHE w43t &
AL zrolylar, o]= SPC (Statistical Process Control)) EWMA (Exponentialy Weighted
Moving Average), 772U E9Y (Neural Network) 5 ThF3 W oz g stc} o] e
Aol ANad Ade Bl Fo] &8&HH, a3 A5 wolAe WS ALY F=
A Ag o] &3}

ol fEE AHEEE A AHlold, do]olut WA tE Edlls &85k
oF gt}

gt Gu ¢ Pecht & CALCE ¢ PHM Z# 9ol 7|Hkste] Sandia 4749 PHM ©}7] €l
AE Bk A 5k thD)

44) AHY # &5,
45) J. Gu & M. Pecht (2008), “Prognostics and Health Management using PoF,” Reliability Maintainability
and Safety.
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(1) FRACAS ¢] #9]

FRACAS® nFHIL-FA A ZAA ~d 02 HAgt, FRACASE AH| 9] ARgAtE o
AAN7E FE o2 sty AZE oo g dHolHE FHst, VE, EAskE HHY F
ZA|2glolth, Aul ] Abgab= me] A FEHY el diE vlolHE FHe & u Al
A et 28jd FEAE 2 FHES Y] (Failure Review Board @ FRB)AIA ald 1174

Reliable
Equipment

Test &
Engineering In-house Test
Change & Inspections
Control

Design & Field
Production Operabions

Corrective
Action

Failure
Repaoarting

9 15 SEMATECH FARACAS A=}

# w3 RIAC (reliability information analysis center) °A o]&3t A& 4 3}3}o]
oS 283 2ol FRACAS ZTEAAE Aolstal gt}

ot
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StEAS &8st ngo] WASHy] el wE fFARFE AAstazt st Aol whEhA
PHM 7]1&<& /sl 9siaes TCSe gl 7h5AS BAstodob s, 2 o
o] ¢3ale] TCS ¢ AA| A3 4 %737 EMC 2719 HY, 244 7 49 gotsta

A ghe, ofel gk JE7E Hadh AL ol £ Eo] ™AL ¥l ot

7 AA AbE BAEA oE w9 Y

AA ARE B 23 A S5HS AAES Yd wEaAlEAer| e #AHg FUbH 2 A §
gubeke] HWiAS ohee E2 vuskgo
E 19 wEATAN7Y FAAYE U EF 4 vl
57 2= FEHY
27} h EE A +4
Operating o
Country Storage Temperature Specifications
Temperature
o~ B A T2 1A
S 34C~ +74°C s R 14,
18% ~ 90%RH NEMA TS-1, 1983.
-45C ~ +93TC
N NEMA TS-1, 1983.
(-50°F ~ +200°F)
-34C~ +747C -45C ~ +857C
v = _ 5 NEMA TS-2, 1992.
18% ~ 90%RH (-50°F ~ +185°F)
-45C ~ +857C NEMA TS-2, 2003.
(-50°F ~ +185°F) NTCIP
-37C~ +747C CALTRANS-017
u % A o} N
5% ~ 95%RH /017E, 1989.
-37C~ +74C o .
-40C ~ +857T ATC 2070 v.03.03,
] = (-34.6°F ~+165.2°F)
~ (=40°F to 185°F) Oct. 2011.
5% ~ 95%RH
o -40C~ +60C HD 638 S1:2001
e 18% ~ 90%RH TR2500A, 2005.
dE =20~ +607C AE AANH 4
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1154

=]

R

2

A B LE/EE EAL LR -3

Qo] #e} o], mla NEMA TS #+29 4% 2l F3 A
ACTTHTAT, 5% 5% H%E 44 7o sta lof CALTRANSS 7 §-oli= -37C ~+7
4T/ 5% B%E Aeata Jduh FH9 EF72A9 TR2500S 40T ~+60T / 18%790% = &
il gtk dRe] A Fr W= AASA ¢ FHLEo HW 20T ~+60T 2 A&
ol vk o A 2ALE Hal FUbE, v =% Ao ® AR E AL 9le FIDES,
217plus, 217F, IEC62380%] =+% W& ZAFSth FIDES, 217plus, 217F9 =% W=
-557125¢] 1, IEC 62380 AME Zzivith AE¥ = 255 H7F Gepzich A4 3o H
e 65785011, 7t i A 25k 2 oS gk o

72 sAxH Sx2E BE
217Plus
217F - -55C~125C 0267100%
FIDES
Ground; stationary; e -
+5C745C 40%770%
weather protected
Ground; stationary; . -
-40TC7457C 5%7100%
non weather protected
Ground; non . -
) ) -40C~45TC 5%7100%
stationary; benign
Airborne; benign -40C~45C 5%~100%
Airborne; moderate -40C~45C 526710096
[EC62380 Naval; benign -40°C~45°C 5%100%
Ground; non B _
) -40°C~70C 5%7100%
stationary; severe
Airborne; severe -65C~& T 5%7100%
Naval; severe -40C~70C 107100
Airborne; extremely . ~
-65TC8T 5%7100%
severe
satellite; launch -40C~20C 0%750%
Satellite; Orbit -40C~65TC 0

St Al 217PLUS™el A= A 8AFd 49 229 WelE 0CT70TAHAAY e =&
AE due degud M7t 2 -55CT125C /A o] o,

U EMCH7F @4 o5 HAHSS A9, d7F &) AA
(1) EMC (ElectroMagnetic Compatibility)
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Axst APy wmE A FAYS sy Fulg Azdel EAsE Azt B el

W ool @7 el vhE olw ol HE71F ol¥el A% yAE FA
o otk @4 VRl dE® A% TCSe WAL 94 EMCEA B <
b EAFTO EMCO| BAE 74 [EC 61000-40] 3len] A% f5e g weh 2l

Kl

# 21 IEC 61000-42] A% &
i3 iy
IEC 61000-4-2 AN o2 AAY T4 2 7]7]9 ‘rﬂ Rl _xd*sw} W
2utENE Y] B3 T Y dlolE &4, 09 JF, 254
A2 A HWLHHQE FUE L AE 54 7)A T Sl <t
IEC 61000-4-3 | GIS %ol 23 2~ wAe LTJM;ME A3 ~utENE 9 952 d
S 2o T3 A H
FHE=A A (Burst) WA S RZ GISHY A2 =9)xo 93] ™ w1
IEC 61000-4-4 HRE Aol T AR BAHoR BE 5E wAlelA] ero} Aol
Jagh Al FA 1} 23] #3 AlY
%3 A (Surge) WA S ZA YA 7} 2 FE} GISE 23 Aoz EMC
IEC 61000-4-5 | 24 ZF ol o] 714 Am ~wlEnH FEFH 329 w& JAE

e A Y

NFAAE NJORA HFAARA YA FASAT & T 9]

IEC 61000-4-6 | AAAZ QA 59 AE meh ~rtEvHE FAH AN BYsE Q7o
ke

AT Ao dSTT 294 Sl GRS FAE 4G G

[C 61000412 | 45 AA7 ~elEvElsl §Eolt MCUS 2 B4, vz edl A

delEl7 AHAE B Al

(2) IEC-61000-4-2 (B A7 W WA A1)

Az AeA F7rE 9ato] IEC-61000-4-22 “AA7] #d WA Ald'S Fu
A& AAEH IEC-61000-4-2 1+A 2 7171 &8&4k¢t =3 EA=NEH 2T 5+ = 4A7]
WAo R Qe 7], MAF 71717F v Gl digk A QARG ARl ek Zlolw

ME vE @dxda dAjxzzddd we AddE HE Adelstn Ao Adr] ¥l dds

50) HEWA B el aAHA sl 7lE N, e aEdetd Ty, 1998 84
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- X= Wl i) Aok 05 m Aol7t FAEES wEATA ] e AgHe A7] o4

o AdAjsfol st B Ao AdH o] lofjof &

SRABVCPIN 2ABH
2raerA

| HEUHE B MY O P

ARAB0 )
+BZBOU(HCP) EH VCP WA 9z

EYTEE BBl =T EERE

o ZlER@A™EAA 08 m Eolol U= HA Elo]

o IJAA77I} AlEEL % 01 m FA] A

° EVEs /\Tﬂﬁashgj Tg_‘
L6 m o 08 m 271S T A EHCD) A AAER NFAANG A o] gojof T
Hol & o Eofolsdtr AolEL 05 mm F
7ol A AxEZ AgHI A E oo &
AdS 93 71549 =4
© FH e=:15C 3% C
e A F% :30 % T 60 %
o 7] ¢= : 86 kPa (860 mbar) ~ 106 kPa (1060 mbar)

L

Components 52 e] R A @ 2HeHE%] 7] 5 (Malfunction Protection) S0 & A 2]dto] 2

galm Qlnk ot WA BAZAL meldtd voe @ b 20 we 74 §es wdt
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- 2 2. &9 (Operating Temperature and Humidity); -34C~+74C(+4 W F& C=

- B A8 21 9 (Storage Temperature); -43C +83C (714 W F& CT=E 3hik3 =x91)
A A A

i)

y

- A ZFAH =27 (Timing Accuracy); W52 A0 7] A2 A dAGA A=A
-
=

1057 A% 7he8 54 Al &4 AR S] U 4 A,

1 T =
- JdEAd Aded 2 (Power Interruption Simulation, T3 Power Dip Simulation);

500ms A Adxzd 5 Aoz 4 ol AXstE dded ZoAE =21 2 A

-

o Aeae] §4 HETl SolFES At

A, th RSk ol @A, B AAlel @ AR, v g mest Qe

hH Als 2 7
7t S EEAASU)Y 54 5o &9 A

2l
e A BAs=A v vl wheh dadieh

51) NEMA TS-1, Section 2. Environmental Standard, 1983
52) NEMA TS-2, Section 2. Environmental Standard, 1992
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3. dlolE ZA} ¥ BA

wEzA 7S] FAAREAAE 2 BOM 5 B 24

S
(1) AT AAZ(TCS) e 74 %

El
offt
2
folr
N
2
N
Lo
4
2
2
e
=
®
5
(@
(@)
=
=
=N
(!
B.
b
et
AV
=
ol
2
fols
2,
2
me
k]
AC)
[N
Lo
ofN
A
X
ol
2

' weTge] wAR HJote EE Y Hd weEgre] dolH a3 (Data Gathering)st

+ AZFHA71(Loop Detector)®] At HAAF719] B B Ggg AsAgHe] g5 9]

A A 7F Eo]l W (WDT, Watch Dog Timer)ES W %3k},

FAAFEMCU)E <Y sHA(Cabinet) ol ¢+ 3% (Entire Assembly) 2.2 FA ¥+ A& A9
545 (SCU, Signal Control Unit)2}9e] &9 WH A, 924482 (MMI, Man Machine

Interface)& &3 dHlolElHlo] 29t ZkE AlsAloldngF HolHYY dAS 5 A9
= (Parameter) & A 74 gt

7t FAQ A7 dolH W3S VME F7|9R=s AFsle] ¥5 ¢l ~v) s

o, AT Fgg £Fo] YrkH

(2) AENTAAZN(TCS) TAE ¥ HE 2A
@O wFAZAA7NTCS)S 4

EANEAA7NTSC) A=l BREES] A4S F7] 5B =(CPU)C 659 7 sHE=S e
A B & (Cage-Module Sub-Rack)e.2 A 3Fil 3lth. & VME-bus Backplane, MODEM, *}&F
AA 7] 2 =(Loop Detector), MMI(Man-Machine Interface), DC Power Supply, 7]E} Optional
Board® TFA®th TCS-MCU Al2® EZtjojo]jasle a3 7o)

53) "LEAB A, FE FAA, .8’
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MCU: Mam Conirol Unii+

< VMS B/P- >
A A& & |

¥ Y L4
Power MODEM s LOOP Detector | | Qptional Board
CPU~ SLOT-
Supply-
LOOP Detector :
O al Board 1
MMI*I SLO T'_: anl] Oar

SCU: Signal Control Unit~

L5U Euardﬂj
MCPU: | —== SCU« | === LsUBoard1

Terminal Plate+

kMannal Panel+
Manual Switch« Signal Qutput LOoOP Communication
(Manual Operating) 4 Terminal- Terminal- Terminal«
5| l
'. [
Signal LOOP- Modem-
Head+

718 19 TSC FAIZ A7) A" 75 FAE

@ AFTAZTAZNTCS)e M7 sl2Ee 54 &4
wFHAAAME o} AAE 2RSS Foke] AFHAAGAZTEH wUFARHCIHE FHT
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F 25 AEATA N7 AogwAE 74 H8 W
EFEA 577,
T k54 577, A1)
AL EA 577 A EA S
9l FEEWEN T 7] 7] e AR EN T )7,
210 244 0] 7] '5 5
. CPUER= . CPUE= . CPUER=
MCUH- |« "A93=A - ALAEA - ALAEA
gy | RS s . 2
W9 c AAVIRE/FARE
Y L |- HE=Y  AEEY cAEEZY
scu
I P =BV S\ o . A 7)/LSU . A9 7)/LSU
IFre )
S SARE
. BE X 9A AV F . BE X9A AV F
AsHewe |- A9TODAY B4 A e
- 5% TODAC] g4 |- B T4A7]s
S =y Es
H} /3 9] B . AlE&gleldd 4
48 §% e A agse ap | LooHoad
. =gmAw _ C AN A A2
- TOD Ao} wz=

WEATAZI(TCS)S] WA s~y 5EAS AW agow u#ste] v gy 2o o
EANTAAT(TCS)2] FAAF-(MCU)o &3t A d9Fe F2 4 2 EX4S g3
2ot TCS-MCU1 74 2 EX48 19} 2}

54) BA&EA TEA 772 (2004), NEMA Standard TSl 1983, NEMA Standard TS2-1992. % CALTRANS T+2-1989.
55) A7tAo}(Realtime Traffic Signal Control) 7]%52 REAZ A7 FA| o] R (MCU)E i?&o}@] 258 EA T A AITS)
o] WEFAAAMEITSAE ZLE 3) SFEEA LeRlAlo] Adas 2702 YAFA AE o)A A&t

56) =l “EAF MCUY-9] F7]53.=(CPU Board)2] 4 W&, 2004.
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- TCS-MCU1
TCS-MCUl2 +8

o,

=i
=

Bl

E
=

o,
rlo

B

CPU Board

26 WEAZA]7] MCUL Wl CPU H=
Item Specification
MPC860(32bit, 50 MHz)
Processor .
4second Watchdog timer
.1Mbyte EPROM
Memory .128Kbyte RTC/NVRAM
.8Mbyte SDRAM
Voltage +5V, 12V
10BaseT (RJ45 Connector),
Ethernet .
Optional
L RS-232C 6Port support(console
Communication .
included)
Operation o .
-34C T +747C
Temperature
.P2 connector interface with
Serial 6 Port, and Zports of
these are used for front plate.
.A32/A24/A16, D32/D16/D8
VME bus Master interface

.A32/A24, D32/D16/D8  Slave
interface

.VME bus system controller
.Interrupt Handler

Board Dimension
(Front Plate Shape)

233.3mm x 160mm
(4HP x 6U)

Power Consumption

About 10 Watt
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»

9% BE IBU2RODI

SRR w=
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O 3¢ TSC A% 74 &

& =7t 3721

(1x6U, 2x23U)

Swing Frame

ol 505

(53 .
tLdBa el

293 2.

KN
T

| AR R]

a2y

V& 24V
cabinet power
supply

ASI

BlUs for additional
load switches, detectors
8 auxlary devlces

NEMA TS-2:2003 TSC and Operating Flow Chart

SCOOT TSC nEAZ A7 FALE(%Y)

MANUAL l
PANEL.

N Controller Lamp Switch Retaining Space for
L Power Switch a Strip Expansion Cards
POWER SUPPLY & F
LAMP SUPPLY RELAY
PHASE BUS : I3 ESHRE,
e L 15
i | wock E
il B 78
(e (B [
e i (F REQUIRED)
: : |
IR e heuTs _. — WPUTS
o I Ii
= L
st U >, |
X —> |
PHS
i istributi i LED:
L A e o—— Fa— Mains [Ss@nbunon Main Pmceg;g; s
SWITCH UP TO 4 DETECTOR b nit Processor
e At Il [0 LEDs
i = s
ouTPUTS T
serecion 0% [
TERMINATION -
L Laors 10 BOARDS: =
' g7 i SCOOT TSC sl zAo)7] %=
OR 4 QUTPUTS: - =
o AP A TR E

SCOOT TSC wFATA7] FAE

a% 21 ¢ TSC A% 74 W&
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O FU TSCREAZA]7] 7]

O +SZ=T (Police Panel)

EF RSLUSHO7| 28t

L.

F2IIs + 4
* HIAAL SEUE 2UA| BEM +8 Power On/Off A${Z]
s 48 &8 Handset
* 2E/NE, WYY, AS/EE E2AR|

Iy 22 EFuEAs

olr
-4
oX,
=
ofo
rlo
I

@ (ol (MCU; Main Control Unit)

2)

F27s S
» ME|-IBREH0| B4 48 |
» REE 4% Y 3 cPU EE
« NSRIO|R! % Xof7I B2 2aExIREx M)
« Rjoi71 Xt 24| LA 28(Modem)
» AlARRE Elofo] LEYARISIS) #D7I=C(0y)

ASTEH (SCU; Signal Control Unit)
z97|5 eI
* ABE7] Fof #HEES
» 2a27| S7IRERALSY)
» &3 ESSME] ZiA 2 et H%7|(Flash)
* ZR{0{ 0Ll TOD Hof ssc
= 52 9 2260 7ls

O ZH|0f5 (MCU; Main Control Unit)

F2IIs

= 204 2xp7| i 2x)7| of (chARls)
= 7let HoA| XisE REHp HEEA HE ddigzt

z87ls 7 4
« HO17] L}  ojiiz ozt L;’T;gfl"";"m
« 78BS, o5 S70R5E B aoed

A7) Azg 4 2 % e
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- TCS-MCUZ

TCS-MCU2& +8 74 % 54 19 2o
F 27 wEFAlEA 7] MCU2 W CPU =
.CPU Board .Item . Specification
.Intel 80386EX-25 Core
. Processor
.32Bit Microprocessor, 50Mhz
ASYNC A
EAIXE 107 Port
. %4l Port FA4 % 1200757600 Bps A 7E
.ZAIF @ RS422 / RS232 A7)
FAZE ¢ HdW RJ-45 / ¥4 DSUB

.VME Bus Interface

.VME Slave A4

A LED AW EAAEE LED-20 7/ A
.SRAM 1MByte
.EPROM 128Kbyte

.Memory

.Battery SRAM 32KB
.VME Slave SRAM 2566KByte

.Operation System

.RTXC

.Board Dimension

.233.3mm x 160mm (4HP x 6U)

. Operation

Temperature

=30 T +70C 5D

) A FABA AEAVLE I AFRAG003 2009717, ReD / 03-211-00e] 4314 44
& 5 gl J]ate] WA ZeAEY 2T W AYIATE oo AdHoln AR FolE & 5 YES A

=
=

sob gk ahiel Aleql.
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- 29(MODEM) ®=
FAR BAL 93 Byl HEo EA B4 1§

3 28 uEAls A 7] MCU W

fe

s}

20} 58)

rlo

2d Re

Modem Board

Item

Specification

Related Standard

CCITT V.26

Modulation Method

DPSK

Communication
Method

Asynchronous/ Synchronous

Communication Speed

2400bps ~ 9600bps

Transmission Output

0 7 -15dBm

Receiving Level

0 7 -48dBm

Line Impedance

600Q * 10%

Terminal Connection

Terminal Interface(EIA

RS232C)

Operation Voltage

+5VDC, £12VDC

Operation
Temperature

-34TC ~ +74TC

Vibration

0.5G, 5 7 30Hz

Board Dimension

233.35mm x 160mm

Power Consumption

About 1.5 Watt

58) =Wl “MAF ZH(MODEM) R= I

A&

l O .

_74_



Fd

o 21 & A2 (MMI) H = 9]

= )=
=4 7

A3

®9} b9

rlo

29 WEFAZA 7] MCU W AL HZA(MMD 2=

MMI Board

Item Specification
Processor MPC860(32bit, 50MHz)
1 512Kbyte EPROM
MEMORY
1 8Mbyte SDRAM
Voltage +5VDC, +12VDC
Status LED 24 Point
KEY Switch TACT SWITCH

= LED DISPLAY
LCD DISPLAY

(MEMBRAIN SHEET COVER)
Width 8, Height 2

Total 16 LED 128x64

Graphic LCD

10BaseT (RJ45 Connector)

Ethernet )
Option
Console | RS-232C, DB 9 Type Connector
Communication | MCU | RS-232C, MCU Backplane
SCU RS-232C, SCU Backplane
Circuit WDT included
Operation o~ .
-34C ~ +747TC
Temperature

Board Dimension

121lmm x 240mm(22HP x 6U)

Power Consumption

About 10 Watt

59) = “EAV &9

A4 H AR (MM = AL
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- VME 7|3 5=
FAlof o] VMEW &~ 7] 19|

=
£

=1

30

=]
L |

A

e

£} 7h60)

rlo

-8

wEANS A 7] MCU i VME W& B=

VME Backplane Item

Specification

Backplane Board

Z(Impedance) : 74 Q

Power Terminal

TIN-Lead Plate Type

Permission Current: 10A Max.

DIN

Connector

Electrical

Character

Permission Current: 1.25 A Max.
Operation Voltage: AC 300V, DC
400V Max.

Insulation Resistance:
Min.(at DC 500V)
Contact Resistance: 200mQ Max.(at
DC 100mA)

100M&

Material

Body: UL84V-0
PIN: Brass

PCB Dimension

6U x 3.2t (12 slot, Adjustable)

60) =W EAF VME bus Backplane 2= 2 W&
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it

31

wEA A7l MCU W AFddsH 734

DC POWER SUPPLY

Item

Specification

Input Voltage

200V AC

Frequency

50Hz + 10Hz

Output Voltage

+5V(8A), +12V(3A), -12V(1A)

Efficiency

Greater than 80% in Full load

Change Rate

Consist below 2% of output voltage

when the input voltages in maximum

load output

Load Change Rate

Consist below 5% of Output Voltage
when the Output Current changes from

minimum to maximum in maximum load

output
Overload Operate Over Voltage Protection when it
Protection deviates 25% of output voltage
Operation

-34C ~ +747C
Temperature

.Greater than 100M% in 500VDC
Insulation .Persist 1 minutes in the state of

1500VAC and 20mA Cut-off Insulation

Board Dimension

12HP x 6U

Power Consumption

About 90 Watt

61) =l EAF &
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@ BOM 44 % 4
S BF 19 FA R TYF A
stel acstdl e E4 2t

dA Ao #8334 3F (Parts, Components)< H| 1l

32 Sl BF 1AW FANE FAF A AL 48T TAE vw 2o

T8 (MREE) | ETSC-MCUL|<=Mcurmcuz> ETSC-MCU2 | 112 (AHEE), [ChY] : EA]
3 Capacitor A1 ; Capacitor] 152 75 71 |Capacitor ; THéiCapacitor 47 A&
Discrete Semiconductor, 23 13 10 |Discrete Semiconductor
Y Resistor '8, Resistor] 55 14 41  |Resistor ;Watt HES 44 A8
IC, TTL CMOS A Ar2at IC 62 3 29 IC : SMD, Commercial Spec. 494 A2
FAEFHAPH,  ICSocket] 74 68 b IC Socket ; SMD Type, 2X|£4:9| 013§
Connector. 4 0 4 Connector
LEDZH MK 23, LED Holder -8 8 LED Holder
BattZ SO 23, Battery 1 1 |Battery ;e 4012 £A A8
0s¢ 2 0 2 osc
Miscellaneous-parts) 31 % 1 Miscellaneous-parts
Total | 403 218 185
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H

. EMC #d B Is| B3 7], AARE7]) A7

FHF AN wGANTA 7] WFAS 7ES 16de® A3t Y& 7o g 1
S IR TE
WEA T A o] 7)o EMC(Electromagnetic Compatibility)*] &< % -&3ch63) 559 ¢

A 719 AFA 7= WFAE HAABhdeR FAS Jow, &4 AR

o X

oft
2

ol

o
o

]

PN
)

2 3 F g AL FAR st Quk v AgFYolFo] CALTRANSS W EA3Z A 0] 7]

A= “SET AFS 4l84d Algel A &ste EE EE(All Modules)> 4

0X17Fe]

°1(Burn-in)& AAlsta Qo e Aol H-(All Controller) ¥ A A% wEA S A0 7]+= F

! T} 64)

o
ol
=
%

~
A 24N 7He] BAFA Q1 ZHE (Operation) S A A 3F & A EZ &5l

e
S

(2) EMC #rd Fa(aEysiiar], MART7]) AF A
Hddetel] G E S 7] (Arrestor, ¥ 7|gtax FH=

Typed VA2 $4AA A2 HA&she] Agste] 2 ek

3E 33 wEFATA 7L At G2 HE 7] (Arrestor) 14 AHE- 712 (04Ver./ 10Ver. 53

H] 31

T T4 @ = %+ 124
1

MAX23 MAX16_

.

Display

pSec, H000V HE+=
8x20uSec, 3KA9 <
H2E A7}

N 1 021 I 0.80.1
(@) Oi 7] 'g‘ ?:l é]l ;ﬂ ‘?_J_ % (base dimensions between eREE
_ _ lead wire centers) _
94E B3 H3E: AV3IP-2 type AV3P-2 type oFdE 2~ AYS AVt
3 T NIE AN
E X]: - =
o 54: How FAs)ok

- ¥ 4 A (Lightning Impulse
Surge) 255 240V o] 35}
AL S H3

- 23 3599

(FHAFE=F24 : IEEE
587(ANSI C62.41))

fol

2

Ag mor]

R

62) HD638 S1, Road Traffic Signal Systems, CENELEC, Brussels, pp. 26734, 2001.

63) TR2500A, 374 pb

64) CALTRANS-170/170E, 7= Ao} 714, pl1-8-3, p.1-8-4

65) T# Alo]E 4 http//www.sankosha.co. ]p/products/hghtmng/spd power/av3p.html
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# 34 TCS waAlzAol7] 44715 ¥ 9% Bna FAe] 14 g 2K (Ver. 4 71F)

(F= R %) Rk T4 Y& [ZY E=20E235A49]7] Ver.04] vl a1
s F= | so)A T '
217 =9 | pds 3 FHRIIE -l ARE FolEHe HAAZRRY A | A 7
(Modem)] £ H353l7] Hste] A2 et A2 9F 7Ho) Surge Protectorg | AA] Ul
2|5k o 3 s
[226 7] |pdl 7R 3R 7 =Y 32l 9y §Y BRI A &(Fuse | A 14
T 5 & A 20A ©]7) AN Uk
(LSU R
L o a d
Switch
Unit)]
[232 4% | p&H (2321 /M8) GdAA7I= Gdd=d=el CCh7v kel bt | Ax 54
AA 7] 5 Bod ¢ Jde e kA, 94S AHElse Controllere}t | A4 Uig-
SGEESYA o5 4% R
232 9% | p& 5) A Lineg3 B35, W2, W w5 A2 48
AR 7] Al g
e
[25 A | p&9 2) ARRESTOR: w-&21%7]1e] ACHA 9ol =32 ndst | A/ 4
3} (Terminal Mo 2 Y7 o1& A5 BYPASSAATE 9E sto] u | 21| Ulg
Facility)] SAlsUe BE 2o RF 9 U7 ES HEEL acs
[25.32 W | pO 8) &4 EdE Terminal Block: W& 2&7]e] A Bt X9 | Az 4
g g agr)e] TAl MRE Adste] Fr, VEAoRE FAL GERE | AN Ul
T 329 FJHAA F27F WAEor gt dHEES 2= | Jorf
(+), (=) Fetol AAsH Hd HA AFEFS 8/20 psec E+ | 8o 4
38 7]% 40KVold, A A3 3uQolit o] oo 3§} U
(26 A | po 22) A oF v Mgl 9FH dAE g8 murE sy H | K 74
(Cabinet)] A ES wjAste] FdAS A4 3% HAAZ AAE Al g
3
52164 = |[p 212 |1) AAEH @ dH2 Ay o] g T
vHz 2) A e
o Al e
OFLD 2~ W@t g 2zr] g ufF A8
1.2x50uSec, 5000V E+= 8x20uSec, 3KAS] dH~E <l7}3stt}
2)F PG A4S 7P F Aav)= Ao FFsof )
(FHF=74 : IEEE 587(ANSI C62.41))
[5.2.1.65 H] |p 212 1) dldAY: 15uF+10% Oil Capacitor (W3 Aojx] dddxs= 1Q | AR 714
v 2 o]3}) Al g
u A 2) 2 % 1000V£5% (B34, $34) T
- B EA

3) HAHH
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(DAE7e 3R 2 A9 S AAR F 99 g ;oA | IOl =
HASE I7MAl 2+ M A7) 7] 9] shso] glojof 3 i
(2)v1 g7 WA} AP 7 FAdol 33 wkEedsd 7+ 7] 7]
o] mk&o] glojof 3
(3] WA IAE S SWCS(Surge Withstanding Capacity
Simulation) A1 EZH|E o] &3 SWCSAIZ o2 thA] A A5}
T st (FE 4 0 ANSI STD587)
(W48 Al | p2% T4 nFHEYHe] B JdFE 2 gt g o] 4 f - = T
d 35 A A7t =
A E -4/ K xii
=74/4A 7 | p20 Al A SWES:) AL olv A nxets wRdd dF | S @
5 AR ol QIZEAL vl 3k 2 gbell i gk o] A et =
o B
S0 EF A ARl slaEe Mg FAA AFY oY T2 U /)5S FHoR
WAS AFstelgol, wEATAzlY] B9 WEASA)E Agugel HEnz]
(Arrestor) 12 AFE2 AF9 WA & 4 WslE g5 d0=2 7 ex Kk Hgko] 9l
2 teo) e Bate] wotd 4 glTheD
7 35 WEBATA 7] AL FE RS 7] (Arrestor) FF T2 (04Ver./ 10Ver. 53}
G AV3P-1Type AV3P-1Type AV3P-2Type AV3P-1Type
k)
° (UL =) (UL %)
T2 AL AC 125V AC 125V AC 240 V AC 240 V
Impulse H.35 800V 800V 1,200V 1,200V
W 68)
a4 10/200us. 3kV
Impulse A5 = 8/20us. 9kA
67) TSCuEAZA|17]E Adekate] G KB T 7] (Arrestor) = 9% &3 Al @0l I3 Hi EAS 7Ae AL ofy
7] wlol et Mue 89 A ALEAY Hold 5 neld Banel 98 Fel AA JFo| Jusiths 87
Z73 5ol ALl IdEREr]e] wAF s Bt o 38y 71EEE FEE 949 o) A et FolAd il
AAE BHE-S slofof sl A FFo|7|d] 1 wrE Fis meslojof sy, 1k A= AGH AaE JAhS

68)

a1t WAF7E 7ok St d], o] FiE2 NAE shA e & daAo :
AEANZA 7S ALdate] SEH B F7|(Arreston)el &8s HYHA WAL AFE NE
1.2x50pSec, 5000V H=i& 8x20pSec, 3KAS] YHE~E <7l ¥~ A (Impulse Level), AF WA E
Maximum by Impulse Current Serge Level)¥: I 74 W&S 8% & Q= 7] FF A
Maker 72 AA W&& T3t & & 9

i)

Z~zzol o
T =
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A
s (Traffic Signal Head)°o] LED5 o2 W7 sto] #E38aL 9lof Aekdele] & Fai
o] A|H oz ] AR EAL zt=r}
(2) fr5d TSCe] mE=#A

TH ET A wEANTLY AlY EedA SA4S B4 AL 29 s 2k

N e R e
Fault Detection Status7l) ass e T e n = A
72)
alz|1]2][3]=»
Green—Green Conflict AA1T | O] Ol O] O] O] O
Green-Yellow Conflict AB1 | O
Yellow-Yellow Conflict ACO | O
Green—-Red/Yellow Conflict AD1 | O] O] O] O] O] O
Green-Green/Yellow Conflict AEO0 | O
Absence of any Conflicting Red signal AFO | O]l Ol Ol O] O] O
Absence for Conflicting Red on Specified Signal AGO
O]l O]l O]l 0O] O] O
Heads
Absence of the Last Conflicting Red Signal AHO | Ol Ol O| O] O] O
Absent Red/ Absent Red AJO | O] O] O] O] O] O
National Signal Regulations(Infringement) BAO | O
Absence of a Red signal on a specified signal CA1l
O]l O] O] O] O] O
group
Absence of the last Red signal CBL | O] O] O] O] O] O
Absence of a Number of Red signals CCl1 | Ol Ol Ol O] O] O
Absence of Specified Red signals CDO | O]l Ol Ol O] O] O
Absent Signal Groups, Yellow or Green Signals CEO | O
Compliance Checking DA1 | O
Stored Values of Timings FA1 | O] O] O] O| O] O
Time Base Frequency FBO | O] O] O| O] O O
Minimum Values of Time Settings FCO | O] O] O] O] O] O
Maximum Settings of Time Settings FDO | Ol O| O| O] O] O
Duration of Timings FEO | O
National Signal Sequences(Infringement) GAO | O
Specified Signal group Green to signal group GBO O
Green movements
Specified Signal Start Up Sequence Signal Group | GCO O
Movements
Faults of External Inputs HALl | O
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wololEl9] Fo] Major, Minor §1% %8 ohet S pelk HAF £2o REsHA g

N
=
>,
[>
juti)
o
ﬁ
1o,
il
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IS

- FRTAEF(, Microprocessor)9] 22E AAIF BUHY 9 2ZepA - L5 WA 7] F

(Malfunction Management Unit)e XA 7|5o=Z ¥HEo MMU 74 24 & &9

71) "TR2500A, 974 p2, p3”

72) "EN 12675, 874 pp. 713"

73) "EN BS7987", refer to: "R 72" BS7987(HD 638)-BS EN12675:2001, "v]=7+Z1"-NEMA Std. TS1-1983, “u]=7+22"-
NEMA Std. TS2-1992, “n|=r5+23"-CALTRANS 170/170E-1989, A A1 wFAl s A 07| +24-1934.

74) "TR2500A, %714 p.2, p.3”

7B) B AAAY A BefA 2RO HES HMER FolA Green AE EEAAY A9 RS tho]oER2N A
o] whe Beg AAHo WASES s Zedlug Auali 31t OMRONAL 1

76) Siemens Tester-for NEMA TS-2 ——-portable carring testing spec-in Eagle TCS

77) CALTRAN 017, O17E %<& 714, A xyoly] #HFE 7149 A EefAe wEA dEY] BEiaa] HER FE8to] 3
goto] AASRES st glow], WEA] teloEg Agde] RedA RE Z2age ANRES s otk

2
L
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- 3 (Green) A& WIS RUEsle] R A Z7180)
- E4 ReAA 270 B9 17

_ o}
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rlo
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Z
eol
=
o>
—
dp
ro
fru
2
fol
2
2
>~
[
juti)
(o]
2
K
AL
miN

o] #d(Level-up)e dHA b A=A 7k AR sh= e AdY NS AY

THAAE TEIe U & 58 FI3 A2 dehuth o7 AR 3EAe V]

o5

aPFow VleA FgHow WdHsta Stk

78) ALEHVDS)o| W& 274 7152 NEMA TS-1, NEMA TS-2914 43k itk

79) = EF A9 A ALeHVDS)l whe 2eHA 71EE NEMA TS-1, NEMA TS-291A41 #4'3t W& dive 1
= AF43tm gtk 2004M 4 2 201087 3] U5 ‘NEMA TS-1, NEMA TS-2 74 Wgo2 BEaAxses 3
=3

80) ¥ 72 TR2500A:2005, BS EN 12675, HD638 S1 &3] wEilaAel7] AadAzad d Ws e gz 4
date] A& s ot

8l) ¥ B3 EFT 1AS A&t A w7t AAFGe]l AXe Hd Ae EFE w2 ANsoldoR HAHAES Al
= 7139 EA9 gEo] MEHC 24 5 EFodow At 2&sn BE F93 Y A G gFEte] g
43t - ## 74 BS EN 12675:2001, Traffic Signal Controllers-Functional Safety Requirements

82) FW7F4, E<AA Conlict Monitoring (2 W-4)_TCS wEAZA 7] FE2TAA049 Ver.)-pp. 70-71 of Total page

281, 2004. ; =rul9+4, EAA Conlict Monitoring (23 W-8)_TCS wF A 7] &4 A4(04d Ver.)-p. 86 of Total
page 281, 2004. ; =4, X714 Conlict Monitoring (‘23 W&)_TCS nEAZA17] EF7F244(04d Ver.)-p. 206
of Total page 281, 2004.

83) NEMA TS-1, Section 6. 5=7 %] Conlict Monitoring pp. 45756, Total page 101, 1983. ; NEMA TS-2, 2574 Conlict
Monitoring Std-pp. 90795 of Total page 136, 1992,; NEMA TS-2, %<7 A Conlict Monitoring Std-pp. 54757 of Total
page 246, 2003. ; NEMA TS-2, 2574 Conlict Monitoring Std-pp. 1767180 of Total page 246, 2003.

84) 78, TR2500A, 73 wEA A7 74 - tr2500a, p. 7 of Total page 65, Nov.2005. ; 3, TR2500A, 3 154 5.4
o171 74 - tr2500a, p. 35 of Total page 65, Nov.2005.

85) UE TCS EFAA, (YE=&-Failure safe 7NAAEF #)_seil0792-Fail-safe”] & 748k 413 agAl 5 A of
32(p.3) of Total page 33(p4), 2014.

86) I EF 714, AFH EFuEAIA 7], V.04 version. 2004.

N

(L E)-p.
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CRO0ODBEA| Rk o] FiEeol QlojA AlE darelES Al FFdte wEAdIAr R &
T o] AE A dugsS B wE =FE AAE /st de FEolthR) S
g2l SCOOT, 352 SCATS, =2 OPAC =+ RT-TRACS, ¢ ¥#2] ATCS, Z#x9
PRODYN, ol&zlo}e] UTOPIA AlZz=¥l SolA AEIS} A &9 weAs

nlF3E Ul F(Name-Value) & E3hate] dagls HAA &9 oA thio &

Aol 7} e 99)

oh 19l TCS WEAEA ] EFFA 24}

(1) XEAFTAA7e 2= 14 @4 &9 A
- ulZ& NEMA TS-1, NEMA TS-2Z2 FA4o® 7z FHE wEANZAo]7] Rds Meso]
%

A AL Aol AHgstn Ak o, A E]o}F

87) BS EN 12675:2001, Traffic Signal Controllers-Functional Safety Requirements

88) BS EN 50293:EMC, Electromagnetic Compatibility Road Traffic Signal Systems Product Standard, 2001.

Q9) ‘=ENEAHR olZd glojA RAMSY A& HE(GEAE:) A Study on adaptation of RAMS, Reliability Availability
Maintainability Safety, for Road Traffic Information Infrastructure; =i, IEE Japan, Naoshi Noguchi Mr., Tsuyoshi
Funaki Professor(2AFFigtistl w4 Osaka University), 2010

90) =t ¥ 74, AEA EFaFAEA 7], Ver. 04, 2 Ver. 10.

91) COSMOS A|2#lo 2 sdtsle] ALAle] AL Fd 9t}

92) =] wEA2=EE SCOOT

93) SCOOT(Split Cycle and Offset Optimization), SCATS(Sydney Coordinated Adaptive Traffic System), OPAC(Optimized
Polices Adaptive Control)/RT-TRACS(Real-Time Traffic Adaptive Control System), ATCS(Area Traffic Control
System),  PRODYN(‘PRO-Dymamique’ -PRO-Dynamics), = UTOPIA(Urban  TRaffic =~ Optimization = Technology),
COSMOS(Cycle Offset Split mOdel for Seoul)
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HA 2d 2070 74 S°| Urh o] & NEMA TS-2&5 7|Wwtoe & NTCIPE %+ 14 52
2 Ag3t1 9o ATC 2070(Advanced Transportation Controller) & S o8 EZ %]

o=
WAE Aol 4] & A (ATC, Actuated Traffic Signal ControD)E 913 %% 124
Aeste] A&t Aok > TR2500A 74 HlE3ske] BS7987(HDE38 S1:2001), BS
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HU
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(@)
41
iy

of Atk dE AAHL FE A4S A&t o, S5t

=z
3
A2 WENALS I TF FHAORAM oA REE 1 F 74 Ygow AHess A

- TSCaEAEAC VY F F AL wse] §xmae BT E 1L o
Nol WMatE AVGoWAE Feld gwelAe A4 M BE5

W
(MTBF)At= #rd o] 224 R A7 =2y A &

o

S TSCatsAlEAlo71e AFF2 8 29
S05A0) 7)) AEFE 4 P
i K4

FLje| I U=H0?| HE s|2E2 548 B4 PHE A4 3 87X v B2 BEE BT S48 24
JD",--D
T &3 47| Qg 7= s BRPEE oo il 0= 2% y=
% =
o AZ pEss
| B A
19809 = |- oo gneas £5E Jun S f"j “g‘;' - NEMA TE1 ns 2z
- Cabling 42
FNE 3
19874 01 PG HET Iz Ez  |mz/esEed
3=
e - EAE LmHes ZzEs |aasw
o0~ 10 b= 13 = )
1990~ 1993 |7 ©% Card Cage T2 B2 BBR |G oo =1 2% Gz m=  |BAE RS
- DIN Type 25 3 €3
P
_ Rack, Sub-Rack Cabi _48 rm ROy L L _ stsEs ~
ot o ety ;n’j;?--; ;‘:‘” e HEe0 HEY EEEE R Cmazers  [awmEa
DIN Type Card Cage 22 -leoos Det=2 85 E0f - KDE2E 51
- HEE ISLEHHT 223 SEHET ,_a =
S e HuE 7
= a 1 5 X e o -
2004~ 2005 |2 o aie e [ wanmes pasgzE PO |zzmas
'HJE;E 3 4] e
- BEESE DELEHKT = e i REETEY L
006~ 000 |22 RE -tz ool i yms [(DEUIEENVEE | jifaih s 73
2006~ 200 71=or BoER ol e |- gin i S e - iU 7 Cabiret Sze - HHEAMNT LR  aeensy TEN2E
_____ HEL oY FEs (-2 TIAE s ER Buss Taw 35758 471m
ThEa0iw - tHDE3B 51) i
LB u@&a RTETEE
— BEAE 22 N
2010~ 2013 |- BE¥S EsAuus - cum cou 338t EATS | ;:;E::if‘?_: L AT H2 MMIs Al |- NTCH : 75 il%‘i:i
it -oiUE 2 EF o $7 - Re IS T BT} e ;%i T norgm megyy =ms s |- _::|_,'_‘
ks Agds b

94) EN 12675, ~Traffic signal controllers — Functional safety requirements, European Standard, CEN, pp.12713, 2001.
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= AW dEdAE AUAA o wEAAsAe 7= A

A et(Advanced), A AH(Electronic)d*| &=

TAE = AFo] 7|, AWAAZ 3 (Manufacturing Technology & Production Process) ¥
o Ast#y, FEAYQC) ¥ FHEZFQA)LS 7[EHo=m Aadst 53 A FFo

oF 3t dlke &tetal o] Fitol SlojAd wie] AAE LejebA R vk oy} Al
HAA BHE AAE TS (e FFoz g AMAz#AAd JsREE
PTH(Path-Through-Holes)®2], SMT(Surface-Mounting-Technology)# 2] &85 X% #
ot = dH, o] FEAA FH TGV AEA, AdAe 45 SMTE AA 283 A
HE71+S T S ¥y ofyE g PTH d&8 ¥x5oz sta o) o] FE2
Ao A 2" =R fof 33 sUsHA A&t = AT A A PCBol =
HAE = A7) A AE-3F=(Electronic Components)S FH IO 2% FA4Fo o2, FAEY
FHFoR2E F7]5HE(CPU Board)WFo. =% oF 10071 F-=Foll Al eF 40071 & Ao A &3}
aglen ZF BEE AV AANES BEF FAWE gAY ALE Jie] o] ETh
= o] AV AANRE FAAE shuetyrt Rl alEA Ao 7| 7F Ak A AE T of 7]l o
el dar she £ZESOE ey, ddE SYEHAF(SED) =2 dh
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A, i ol
S H4 749 NEMA TS-1 3ol of|l zolg 7hAm gl A #4AFS neh
@ Bey wde Yge wgd
(3) %7 BRND EwE F4 v

WEAlE A 7] w7bE FAAE BFE 4L v NEMA TS-1:1983, NEMA TS-2:1992
¢} CALTRANS 170/170E:1989 7} Slth. o714 "TS-2"+= 94 225 (Malfunction) '3~
NS Aeegt BE 9o 74 Wgow AGAASEH ] wEAsA o] $GA]
ol Bt E gk qf A o] r}.95)%)

A eE 2L -34TT+74TCE Ag7v¢o= star Joy CALTRANSS A $d+= -37C

e Aol EN 12675:2000, BS7987:2001(HD 638:51:2001) — "EN 12675"+ W &AlS
=g < (Safety)e] W& A#G 9 7IEol T2 W&ot
e TeAE B 1A AWES By o AL d&ew Aolsta vk

e FANRLE BAL, BE TAL FHOE HEFW -40C~+60CE H-g3to], A
NARRE Foe] AuS AT 4 dr AHY A4 /e 2RYoR fRdn 9
o,

Q%79 &4 Damage) s A HEZ AATA AN B e wAe] HgTd F ol

=
S-1, NEMA TS-2¢] A¢ ®HA42%(Storage Temperature)® 1+24< z+zt 1A 8

T
B oglont, Sl A% o REE s %a Qo] AY-AXFE, Aug

4
b
i
1
M

ZHAE, B ALFASAAZN(TCS)] B A A SA42= =24 o] Ao FF= =

915 o] 9T} InNg

95) NEMA TS-2 Standard, Traffic Controller Assemblies, NEMA, Washington D.C., pp. 81~9, 1992.
96) NEMA TS-2 Standard, Traffic Controller Assemblies, NEMA, Washington D.C., pp. 81~9, 1992.
97) Patrick D. T. O’Conor and Andre Kleyner, Practical Reliahility Engineering, Fifth Edition, A John Wiley & Sons, LTD.,

UK. p226, p.227, 2011

98) Patrick D. T. O’Conor and Andre Kleyner, Practical Reliahility Engineering, Fifth Edition, A John Wiley & Sons, LTD.,
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- Ha R AL SAF EFE A BRAAEA 3 2% 21 5 AV Foll HAAR
FHAlo] A2 E#Faclel fHuxAEA(Damage)S 7ML 4 Ave= 4 HES ¥3
Aoz FAsta gk
5 AN 2 4 #He 24 992 wel J& #rh

F 38 WwEAEA 7| FAHAY UM BE 4 v
= QUTUu. 22T WHo
=7} SRR g enug it
Operating .
Country Storage Temperature | Specifications
Temperature
Yok ; AR wx 1A
o shu 34C~ +747C 3z kT 4,
18% ~ 90%RH NEMA TS-1, 1983.
-45C ~ +93C
~ NEMA TS-1, 1983.
(-50°F ~ +200°F)
-34TC~ +747C -45C ~ +&T
n) = 5 N NEMA TS-2, 1992.
18% ~ 90%RH (-50°F =~ +185°F)
-45TC ~ +&5T NEMA TS-2, 2003.
(-50°F ~ +185°F) NTCIP
-37C~ +74TC CALTRANS-017
o5 A E o}
- 5% ~ 95%RH JO17E, 1989.
-37C~ +747C o .
-40C ~ +&7T ATC 2070 v.03.03,
w5 (-34.6°F ~ +165.2°F)
~ (-40°F to 185°F) Oct. 2011.
5% ~ 95%RH
o o -40C~ +60TC HD 638 S1:2001
e 18% ~ 90%RH TR2500A, 2005.
SRS -20C~ +60C AdE AAH 4

UK. p. 226, p. 227, 2011.
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£5 THoE F7hd Ay oqRE HE
go|t}, n=te] CALTRANS 239 7%
e wEAEAre 4 7lES 83%GB5/ AldIrEd ¥dE 5 2971), NEMA TS,
TS-2% 33 80%(3570 Alg &5 F 287), =9 A9+ 57% 3570 AdadE 5 2070),

el a7 @9l 715 AReRe wol Jorh(HE 7EAdY
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wn
(o]
=
D
=
D
Q
5
o
wn
(o)
Q
NI
w
Q
5
o
Q
5
o
)
o
w0
78
” i)

=
o
o
ot
ol
-
=
ofo
o
haed
lo
&
Tg
o
a0
Lo
=
MN
|
I,
>,
o2t
=
fo
N
>
lo
ot
o
AC)
=
ofo
rlo
=5
1o

SRR SR

3 39 WEATA7|Y] w7 H FABAE 4 vl
WEATA ] Al
o Tt 100)
=] 100
T T Specification100) =T e o)
al=[1]2[3]=
Operating voltage Range o]l o]l o]l o] O O
Low Voltage Switch off response Voltage
O O O O O O
Electrical (V(,)f,f) -
Low Voltage Auxiliary state switch
Supply Ol O]l O] O] O O
d Limi response Voltage (Vaux)
and Limits Overvoltage Ol O]l O] O] O O
Voltage Dip Ol O] O] O] O
Mains Frequency O O] O] O O
Criteria - Leakage Current Road Traffic
_ o o|lo] oo
Signal Systems
Criteria — Leakage Current Maintenance
} o o|lo] oo
Equipment Supply
Earthing Ol Ol O]l O] Of O
Safety102 Accepting methods of Earthing oO|l ol O] O] Of O
Enclosure Ol o]l O] O] O O
Terminations ol o]l o]l o] o O
Controller Enclosure Doors ol o]l o]l o] o O
Controller signal Outputs Ol O]l O] O] O] O

99) "MIL-HDBK-338B, op. cit. pp. 7.150~7.157, p.7.130"
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Requirements of Signalling Intensity for

Safety
Requirements for Signal states(i) Ol ol O] O] Of O
Requirements for Signal states(ii) Ol ol O]l O] Of O
Location of Monitoring Elements for Signals
Location of ojlojlolo|l o] o

Monitoring Elements for Signals
Location of Monitoring Elements for

Detection of Ol 0|l O]l O] Of O
unwanted Displays
Fault Loop Impedance Test @)
Insulation of Live Parts to Earth O
RCD(Residual Current Detector/Earth
Test of Leakage Breaker) ) ol ol o] o
Impedance For the complete system
RCD(Residual Current Detector/Earth
Leakage Breaker) ) ol ol o] o
For the Maintenance Socket
Maintenanc ) )
. Maintenance Testing Procedures O ol o| O] O
Dry Heat, Cold, Damp Heat, Temperature
, olojlo|o]of|o
Environme cycling Test
ntal Storage Temperature Ol O
109) Solar Radiation )
Random Vibration, Shock Test Ol ol O]l O] Of O
Salt Spay Test for Cabinetsl04) O Ol O] O
EMC Test Surge Suppressor with Relation Testing ol o]l o]l o] o O
105)106) Radio Interference Suppressor @)
A Minimum 100-Hour Burn-in of All
Burn-Inl0? O
Modules
Ventilation Fan by Auto—Thermostat O O
Ventilation Filter O @)
Others Impact for Equipment Enclose O
Water Penetration Ol ol O]l O] Of O
Impact for Signal Heads O

100) "TR25004, %74 p2, p.3”

101) “H3+2” BS7987(HD 638)-BS EN12675:2001, “Pl=r3+Z1"-NEMA Std. TS1-1983, “F]=7+242"- NEMA Std. TS2-1992,
“n] 34+ A3"-CALTRANS 170/170E-1989, YEAA A mEAZA 7] 7+2-1984.

102) "TR2500A, 7t 4. pp. 713"

103) "TR2500A, 874, pp. 274"

104) "MIL-HDBK-338B, p.7.150(p.396)”

105) BS EN 50293, Electromagnetic Compatibility Road Traffic Signal Systems Product Standard., CEN, UK., pp. 175, 2012.

106) MIL-STD-464A, ELECTROMAGNETIC ENVIRONMENTAL EFFECTS REQUIREMENTS FOR SYSTEM, DOD in
USA, pp. 175, 2002.

107) "CALTRANS-170/170E, #]=7+4 ppl-8-1 ~ 1-8-4"
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W3 gol, $ete} TCSe] 874
G A F A ] 71 (TCS)

o], TCS tAZ# o9
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=

(5) ALEAZ A7

of, 137}
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e
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file}
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a2ERke] =

e

C}.108)109)110)

i

1

k)
pal

=

WFA A A 7(TCS) -3 Al

il
)

A

=4

9= o4, pp. 19730, 2007,
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108) "NEMA TS-2, "534 pp. 2-172-14"
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T} 111)

ENVIROMNMEMNTAL

-~ 15 FT MIN —&|=—10 FT MAX TEST CHAMBER
EQUIPMENT —=
CABINET
AC 4 o
o SWITCHES
tn = CONTROLLER UNIT
W Y yARIABLE =
WM uOLTAGE TRANSIENT we
== POWER GENERATOR e
= @ I [1nANSTORMER @0
Taw & SIGNAL CONFLICT
2 l l MONITOR —~—
AC NEUTRAL (COMMON) r
SYSTEM GROUND
| SIGNAL LOAD
SWITCHES

=] TEST LOADS

120 VAC (LINE SIDE =
LB VAR GINE S O T rermie
STOP

SIGNAL
COMMON

__VAC 60 IIERTZ £3] (e,
AC HEUTRAL (COMMON) SIGNAL BUS

120 VAC {LINE SIDE)——

60 HERTZ POWER SOURCE——
AT NEUTRAL {COMMON)

4
iy
Do
i~
rict
o,
fo

R

S FEREAY PR

WEAGA 7] AFo]l FEste] dFoR o]lFd & A Yt FH Hxeo Ygow
ANEHolAE I HAHE 255 (Environmental Chamber) Woll 43t €59} wEA
BAAE A g

AEY A ZAU3D 3ol Apa
= g 25 FE At Al zk Qg A 27T

No. #:}74]# 1 <IDIP A7k
v T %RH V.AC hours | 300ms™ j.ja} o | BA7E

1000ms T

2 -0l A] 220VAC 1~ 1057) A7, | G-Grs
1 w= %l% AOL%'\_ o —Q—E}-O]S' Red &4
A} 2= +15% 20] A+ O oI edr
Az 1057147, | G-GR%=
2 A A% -34 RH 190 11 o) entolsim, | Redue
Aol A 105771417 | G-GR<=
5 | a9 orr s RH 0 5 : 22491Sim. | Red®%
A 1057147, | G-GE%
4 A AF Ee RH 250 ! © £2}91Sim. | Red®<e
5 | 2-5=wg =347 57447 220 6.40] 7% o 10571417, | G-GE&

111) "B TA 7], & 44, THFE pp. 2027205"
112) BA9AZ A AlgLdEA RS-232 PORT.S AF&-3H)
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A A AE +74 57428 ©#91Sim. | Red®#

L 18%RH 10571 417Y, | G-GR<2

6 s +74 o 250 15 0 P iy
g Al = 742.8 i im. ed R

AL 10577147, | G-GE:=

0, 1, AR

7 I~ +74 18%RH 190 1 0 eelsim | Redwe
2ol A 17 712 -GE &

8 | e Cht 220 o 17 o]] 1) GG
332E 20] A} 2-2}2lSim. | Red® <=

F7Fe] REARAE, Adaewa @ (Voltage DIP, Voltage Interruption Test), Al & R<4A] 3
(Signal Conflict Monitoring) ¢ SHE~E# A~ APE 93 55 WHil A AT

AHEAY, BEAANDL s, BAAY B

el [e]

Gl

rob
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Dotted arrows present the flow down of critical failure conditions from upper level to lower level {see requirements 4 Shand 4.5¢),

Line arrows present the bottom-up failure analysis integration process (see requirements4.5a,4.5d,4.5¢)
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Component Figure 4-1: Graphical representation of integration requirements
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Approvedby RHB
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Mode Item or Function | b. Failure cause a, Local or Subsystem Category a. Failure Detection Method
Number b Next Higher I—el"ﬂ. - System b. Compensating Features/ Action
¢, End Effect - Mission ¢. Other
3136 Wrist actuator, roll | a. Loss of a. Loss of wrist roll 2R a. Position sensor &

provides motion
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motor control
b. Part failure
in motor drive
circuit
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mation and torque
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FTS task and mission
¢. None at Orbiter
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1 | Failure modes that could result in serious injury or loss of life, or damage to the launch vehicle.

Catastrophic 1R Failure modes of identical or equivalent redundant hardware items that, if all failed, could result in

Category 1 effects.

2 Failure modes that could result in loss of one or more mission objectives as defined by the GSFC

” project office.
Critical - — - - -
2R Failure modes of identical or equivalent redundant hardware items that could result in Category 2
effects if ail failed.
Significant 3 | Failure modes that could cause degradation to mission objectives,
Minor 4 | Failure modes that could result in insignificant or no loss to mission objectives.
AWE APEE e FAU Foluw, $4 WF NASAS 74 P-302-7200 4% <® 43>

% 8 &£ C(Catastrophic, Critical, Significant, Minor®] 44

o] SFHo g EFIAL. 53 A9 459 Catastrophic?} vl= 319 5 Criticale ¥

of wel Z47f 294F o2 Yo Hrkste F 65779 TwoE UFo ToEE 3
P

-302-720 qtAel o3 A= HrPEgel ok FMECA -3 Abglolt.

- 114 -



Mission _DTF =1
System  FIS
Subsystem/Instrument 313
Component _ Wrist Actuator

Mission Phase _Orhit

Date _8-10-96
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Selection of critical equipment

1

Operation and maintenance data collection

]
¥

Boundary overview

Boundary details

|
¢

System description

¢

Step 1 : System selection and i
Functional Block Diagram i

data collection

Step 2 : System boundary
definition

Step 3 : System description and
functional block

}
Equipment history
|
'

System function

¢

Functional failures
|

!

Failure mode and effect analysis (FMEA)

I
'

Logic Tree Analysis (LTA)

Step 4 : System function
functional failures

Step 5 : FMEA

Step 6 : LTA

Step 7 : Task Selection : Task Selection :

2% 50 Main Process of RCM
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Will the failure have?
a direct and adverse

effect on environment,
health, security. safety?

}

Will the failure have a direct and

Yes

adverse effect on mission {guantity or
quality)?

No

Yes

Is there an effective CM | o

technalogy
or approach?

Yas

2

Develop & schadule
CM task tc monitor
condition

Yes

b

Perform conditicn-
Based task.

R

Is there an effective

Will the failure result in other
economic loss (high cost damage to
machines or system}?

2

| Run-to-Fail? I

tnterval-Based task?

Yes

E

Develop and schedule
Interval-Based task.

<

Redesignh system accept
the failure risk. or install
redundancy.

79 51 RCM step 6. Logic Tree

(4) RCMZ2AE] Ay 2 F& o]

(71
()
(th)
(=)
(7h)
(Hh)
(AF)

AAe Azl AT FARF AT
%3 A% A6l tE BEe ol
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wHE A9s AF Ast, 2 Aol Aol Wi AT E
AEEH AFsts 7lss F33H 77 A= 110V 3 220Vl AFEE = 3lofof
W, e =t e Wste] diste] S WA oo . 2FA TS T
A= BEE AFstofof ek, WS L of vk I A B AYS 98t

3%y
A LSUR-E w5Al a7 e A &8 Tol #2422 (CARD &9f) a4 & 5 Stk

Ot
2

N

S/ITEAAE Al TEEHe AYE Aojsts AY AR, Aze 7] AdS HE

3= 7A%3 29 Red Fail 2%3 %, DATA LATCHY, LED 7% 3% pAwT

(VHAEZY CPU A%57]%
- Ul BUSH 93] HEE= 9} SAlgth
- AEZY CPU9Y Aojilzd wet sid 5719 ACE= S Alojstal ACEHol ik

AT E HEsle] AT TSR CPU HET 4 9= 3= 7| 5ot

(W) A=z 571 #ZA 7ls

- 150 -



1, YI, G1, R2, Y2, G2 AC =9 #%7]&
(vh) Az EEHE7]so] H/WH oz 5o 3lojoF gt
SZlEHAH e AeTe AHE vuss RE A Res HAS L B

BE Hd7]2 HI(CONF ©xp)sjol g},

57159 R1, Y1, GI, R2, Y2, G2 AC =9 A ¥ LED +%
(Ah AAE ol AAZIS(RF: red FaiD? GEE HAA7S(G-G 297 =159
H/W# \la feh)S AAsts 29 A7F /lojoF 8tH, 715 52 4 ® LED7} A€
t}.
(o}) 34 S3}7]e] LSUd 2%+ 21552 LEDAS 5oz g,
d-FailldAlE $38] #A

I Re
HA ARHES WO HFFEEA 25W o)) o= 3 5718 233t &

32

= ™
]_
A &

a
= AEES DART(E, AEY LED A5E HE A6l B 4ol dew of

o
ol

(2} wFA ST e AAEHE LEDA S S-S Plefd ol o8 Hedds dwstr] #18 7]
Tx8ke] 220Ve] A5 95V+E% olsl, & ske] 110Vel 49 475V+5%9] ol
e F2skA g AH(Cut-off Status)E 18t LED 57|+ dA%sich

(7h) wE2z7]e] dAY = LEDAIS 52 &ol3 G-G 2 (Conflict) HAME #13 = 2at
A k= AEl(Cut-off Status)ell A 9] JadL7F 10KQE T Zrofop Fht,

(Bh) 3A 37t 453t = 9o W83 2ol H/WHOR 43 s8] gl

@ A}
% B4 54

- B R WS L34 ~ +T4T
- AHE A AC 85V ~ 250V (A A 110/220 A -§)
- A4 A F3 0 60Hz

- FAHAF  SmA(110VAC ol A])o] &}t
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R1, Y1, G1, R2, Y2, G2 74 & 7|E o =& 3 LSU +A
(78S PR, PG, R, Y, A, G 78S 7202 3 LSU FAo Y} T3 o] AM&T

F e

@ F93 = 4 63 2/LSU x 16LSU = 965

@ Ro3z 74 29 32l H3E 79 Bo3 2 A& (Fuse : bA o)

@ FHAF 383k 15A/31% o4, o) 5A/LSU o354 AHE AR 719

AT TARST Ve aEAEre AdH A% &8 T LSU wA7E Zhesiok g
o}

® 571 & =91A 14

b AC A8 ~9 % (A5 Relaytt +HA wt=Ad % ALE715)

W AdA Wt 1500V o] F(AC 60Hz, 1+3h)

@ AdA Ag : DC 500VelA 10 MQ o]

@ ZERO CROSS 3|27} Slojof 3

LSUY AEAE 31847  SA/LSU

LSU 57] 932 & 3]& Peak-Current : 120A@10ms

th Ao s ol9e LSU &8 (a5 ddid)s ol&dte FA = LSU &2 HEE 98
U3t 2ol AR AR& o] Aleketh

- X9 Peak-Current : 20A@10msec

o

LSU =8z s A

e MENEEID LA

(e}

12
fol
ju
BN
o
)
fo
=2
BN
o
oj
)
il
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AMST| EE 3MST| ®E
8HP 4HpP
- il le 160 mm N
4 @ Y @ | ,l
A
Lsu @ Lsu @
@ pg @ ep ©®
© pg @ oy ®
e p @ g @
o 1 & o8 DIN 41612, Type F
© A ® ©v2 ® 2, Type F,
= £ =
£ © ¢ @ gl @G @ £ (27+8)Pin , Male
Q © o
al N 9
® RF @ ® RF ©
® G © ® GG @
@ sTAT ® ® STAT®
RIZA HIZ AL & ]
A %) , %

oy 52 71T EEA 7

el
ME,
2
(4
el
41
b

® 7] (PCB) 4
ep =27] : 160 x 100mm

W A2 : NEMA(RR-4) Glass Epoxy(WEA) 1124 == 553 2

@ W74 BAel Wl 1 ] B
@ FA4 16 ~ 22mm

Unitol] AFEE = A7) 42 @ 7|2 3|2 AHES A}8351o] TA

@ A (Front Panel) 7

@b PCB 3 #2 Edge®%-¥ 05HP o] 4

@ =7] : 3U x 4HP

@ A< ®A LEDS ZEl%A] LED 678 ©]%

€@ A3 Name Plate(D,®) : Unit Name®} A ZAH S 7 A SHo)
FAS ¢ Unit®] 52 A HlE YEt = Indicators # A&
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@ frAHe] Al EFE WAE7] fstel STAT LEDS 2 B oA SA49 A4

# 61 7T EEA AHA XS Ve

T2 S EA| ’Is
@) PR B3Pz REDS AH ¥A
4 ® PG 132} GREENS AHH| % 4]
0 @ R 2% RED% AFEl EA|
= ® Y A5 FAS TA
5 ® A 12 234 GREENS ¥A|
3} @ G 2}% GREEN%S el %A
7] STAT |3 dd ZA(XSEY: AF, A4E9: AR, 23 1)
©) RF RED Faill(d 552 AA, 2552 1 #A, FLASH:EAHE)
1) GG G-G Er(H5:E2e AA, 2552 1 HA, FLASH:ETAHH)
@) R1 B8z REDS AE] %A (2% RED%S AElEA])
® Y1 (A3 g5 FA )
3 @ Gl |m&% GREEN%S A®IEA (32 GREENS A A
A ® R2 22 REDS A8} %A
5 ® Y2 22 FAS FAAH
3} @ G2 2% GREENS Al FA
7] STAT |53 A8 ZA(ETEE: AY, A& AH, 234 d4)
©) RF RED Fail(Z 5 &Mool dd 275 &4, 425 0E&A, FLASH: B H)
1) GG G-G E-FASH/WESAA 84, 25084, FLASH:Z=4H)

(6) H%:7A (Connector) T2
@ Connector Pin : DIN 41612, Type F, (27+8)Pin, Male

©@ Data ¢¥4=% Connector Pin ¥ 7

A QA5HEl nhsh o] NASAS 79 RCM3 FMEAS #8311 Mue] fAns #el4s
o §ARFHIL AAHIL urh WHHE PO o FoqL

12 AN el ARE AAge] fARS BeRAS welFn ek old] uheh FujoA
% FRACASS} ROMZe #4145 #elAAS S9ste] FMEAS S8l 1t AAZQ whel7t

s
2 230,

ol

¢

¢
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6. TCS Al1&A H7}
7} TCS 9] A% oS5 3y

o AFoAE U F=Ade AXAE TCS o gty A4 H7bE AASAT F7PH
& oolA] A mpel o] MIL-STD 217F, EPRDE &85t oS Adstr] 9&to]
T 7EZ 94 =

o

H

Windchill Quality Solutions(WQS)E ©]&€3t3+=d], WQS+ 213 % ¥4
e AxZEY O AEFTolT)

WQSE ol g8t UHEE o Fshe WA s 2k

rr

O WQSl BOM 8. BOM AR&A7F o Fo A 243 ftd S 7 5 i, A&7
214 WQSo| BOM AHE &g 4
@ System 2AFE o= F24 Ad AFE FAAZ 217F, 217Plus, Telcordia, BellCore % ©]

|o
fr
M
U
fr
X
o
_0|L
£
2
B\
¥
(}(_1){:1'
ro
=

@O AIHAE: AHAIHE 4524 CQR(Fixed Plastic, Dielectric), CLR(Fixed, Electrolytic,
Tantalum), CSR(Fixed, Electrolytic-solid-electrolyte, Tantalum), CE(Fixed,

Electrolytic-Aluminium) °|t}. %5 Rde t}S3 2t}

- 1585 -



D gole=E 2224 Low Frequency T4 el

(o =4
s

@ Tl

ol

@ LED: LED

Ap =N Ty T Ty

=k, F4, A Aot

2 2% RLR (Resistor, Fixed, Film-insulated)® ¥ o] it}

E

Ap =N, T TpTgToTp

= o
Tp Tp. T, TQ T = =

Zolt}h. 1

1

2 A4 (CPU Chip)<

A

ZAA IC: nfo]la =2

v

® wholaz

(QWT+ OQWE)T('QT(’L

—

X
Hin

IC Chip%#(84pin, IC Socket AH&), &%, Package, 7

e
T

Cmp Gy mp o Ty,
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® EEPROM IC: EEPROM& 1Zo|y, 1148 =249

= (ONFT"‘ Gyt )‘CYC)WQ Ty

@ DRAM: DRAM< 1&olH, 135 22 v 2o

= (Cmp+ Grp+ )‘CYC)WQWL

dadi Aot

TTL (Microcircuits): TTL ICE 2%, 21 Typeol®, 1345 EdL vt} 2t}

A= (Cmp+ @WE)WQ T

7y Gy mom, £ TTL ICEFU6pin) ¢ 1% IC Chip(44Pin)o]™, &%=, Package, ¥

\’._‘Q

© IC Linear (Microcircuit): IC Linear 1¥o|tf. & 249 IC TTLU6pin)3 L3,

G mrmoe AFE8He] IC Linear A E S A&

rUE
E
rr
[\
N
=
o)
[S—
[@)]
DO
=
jmy
N
w
N}
=
=
N
o,
i)
}d
o
]
Sy
i)
rlo
i

@0 Quartz Crystals, Oscillators: 7

&3t 2k,

Ap= )\bﬂ'Qﬂ'E
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O A9YHE: AJdEHe= 3%, 3Type(Connector General DIN 96Pin 37, RJ45 8Port 17§,

Joint-Jumper stick 28ea)o]™, @& mde t}S3 2t}

Ap = N Ty Ty

T ToTy © w2 A 2 ZE3l5/1000413, F4, $74 07ttt

@ IC Sockets(Connectors): ICAZA S 5% (84Pin, 44Pin, 32Pin, 16Pin, 7Pin)o|W, 1d4& »x 2
< s 2

Ap= N T TeTo T

4, 87 et

i

T Te 7TQ7 Uy = J—?'S’}-ilg_i’ﬂ/_:, %;l] Xé! HH OE:]:TL}ﬂ

@ PCB Assemblies with PTH and SMT: PCBZ ¥ A9 2%(PTH, Plated Trough Holes)®

Aol ngE wAe ey 2

Ap =N, [MWC+]\6(WC+13)] ToTE

N, mg Ny mp mp = PTH 272HW,), PCB Layer74, 249 H# & (w,), 3

o
i)
[-' (
o
r o
_|>i
o)

ot
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. TCS ¢ Fxi4
TCSe A=4d& H7tstr] fsiAe 4 TCSe =
gebst BOMS Hlgo =z FxEAS Ao HH TCSE FA o3 (MCU, Main Control

=~

He Aol @y X AT A

r—{u:

Unit), A1 & Ao} 5 (SCU, Signal Control Unit), 7]} &2 H-2 G4 5 o] ot}

MCTU: Main Control Unit~
< VMS B/P« >
ry 3 [

Y v Y

Power MODEM LOOP Detector Optional Board
CPU- SLOT« :

Supply.

LODSP L%e_;_e:mr Optional Board 1

MMl

SCU: Signal Control Unit-

L5U Board 8+

MCPU: | =—== SCU- <= sl Board |

Terminal Plate+

Mannal Panelv
Manual Switch Signal Output Loop Communication
{Manual Operating) Terminale Terminal Terminal¢
% ] I
\ [ |
Sighal LOOP+ Modem«
Herad+

134191 7I(TCS) A8 744 &=

I
o
ol
w
=3
of
>

o} TCSe 2124 37t

Windchill Quality Solutions®l] Al2~®l AlF % o= 3248 MIL-HDBK-217F2 A4 3s}e] o}
# 87}A B =¢] Failure rate®t MTBFE Al4telqdth. RE BESL 43 x #AE 7143
I AakeA g 283 Aeeses 30CE AA AT

2AIHE F2 o1 ME

@® CPU

CPUT Integrated Circuit 12%, LED 4<%, Resistor 8%, Battery 1%, Teste PIN 1%

Miscellaneous 2%, Switching Device 2%, Connection 9%, Semiconductor 1F 2.2 4 & o]
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2t} o, Integrated Circuit 1%, LED 4<%, Battery 1%, Teste PIN 152 A 2|3} <t}
CPU?| n#&3 MTBFE tha3 2t

¥ 62 CPUY Failure rate®} MTBF

Value Result
A5 4.620748
MTBF 216415
Reliability 0.999538
Availability 1
MTTR 0

@ MCU MB 1
MCU MB 1€ Connection 6&F 2.2 o]|Fo]x <t} MCU MBI ¢ Failure rate®} MTBF+ t

g3} 2.

¥ 63 MCU MB19 Failure rate®} MTBF

Value Result
atE 1.129639
MTBF 885238
Reliability 0.999887
Availability 1
MTTR 0

@ MCU MB 2
MCU MB 2+ Connection 10202 FA = o] gt}
MCU MB29] Failure rate¢} MTBF: t}8-3 2t}
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@ SCU MB V1

¥ 64 MCU MB29

Failure rate®} MTBF

Value Result
AFE 3.142873
MTBF 318180
Reliability 0.999686
Availability 1
MTTR 0

SCU MB V1< Connection 82 & JA o] it}

SCU MB V19| Failure rate¢} MTBF+ t}23 2t}

©® MMI

¥ 65 SCU MB V19| Failure rate®} MTBF

Value Result
I1%E 3.539637
MTBF 282515
Reliability 0.999646
Availability 1
MTTR 0

MMI+=  Integrated Circuit 47, Capacitor 6%, Semiconductor 2%, Miscellaneous 1%,

Inductor 2%, Resistor 6%, Connection 7%, Switching Device 2%, GND 1& 22 G4 o]
=3
MMI®] Failure rate®t MTBF+ t}S-3F 2t}
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¥ 66 MMI9 Failure rate®} MTBF

Value Result
AFE 10.829005
MTBF 92345
Reliability 0.998918
Availability 1
MTTR 0

® FLASH_V1

FLASH_V1-& Integrated Circuit 5%, Semiconductor 9%, A3 1%, Resistor 8%, Capacitor
6%, Realy 1%, Miscellaneous 1%, Connection 3%, GND 1522 o] Fo] A lt},

FLASH_V19] Failure rate®} MTBF+= tl23 )

¥ 67 FLASH_V19] Failure rate?} MTBF

Value Result
AGE 3.575819
MTBF 279656
Reliability 0.999642
Availability 1
MTTR 0

@ SCU

SCU+ Integrated Circuit 7%, Capacitor 5%, Semiconductor 8%, Inductor 2%,

Miscellaneous 1%, LED 4%, Resistor 8%, Connection 3%, Switching Device 2& 0. 2 o] Fo]
A 2

SCU® Failure rate®} MTBF& th&y 7t}
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GLSU 4C
GLSU 4C+=

¥ 68 SCU9 Failure rate®} MTBF

Value Result
a5 7.110808
MTBF 140631
Reliability 0.999289
Availability 1
MTTR 0
Integrated Circuit 7€, Capacitor 7%, TVS 1, LED 3,

Inductor 2,

Semiconductor 9%, Resistor 14%, Connection 3%, Switching Device 1£ 2.2 o]Fojx <l

GLSU 4C9] Failure rate®} MTBF+= a3 2t}

© dA 1HE

¥ 69 GLSU 4CY9 Failure rate®} MTBF

Value Result
AAE 10.888352
MTBF 91841
Reliability 0.998912
Availability 1
MTTR 0

&< CPU, MCU MB 1, MCU MB 2, SCU MB V1, MMI, FLASH_V1, SCU, GLSU 4C

9] Failure rate?} MTBFE HolE& Folt},

=5

N

=

70 IFE I

3

Fd

CPU MCU MCU SCU MMI | FLASH | SCU GLSU
MB 1 MB 2 | MB V1 _V1 4C
IgE | 4.62074 | 1.12963 | 3.14287 | 3.53963 | 10.8290 | 3.57581 | 7.11080 | 10.8883
8 9 3 7 05 9 8 52
MTBF | 216415 | 885238 | 318180 | 282515 | 92345 279656 | 140631 | 91841
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TSC+= MCU$ SCU= o] Fo]A9ltt. o] & CPU, MCU MB 1, MCU MB 2, MMI+=
MCUE ©o]Fi 913l SCU MB V1, FLASH_V1, SCU, GLSU 4C+ SCUE ©]Fil Slth

¥ 71 TSC 1%&

MCU SCU TSC
(MCU MBI, 2, CPU, (SCU MB, SCU,
(MCU+ SCU)
MMD FLASH_V1, GLSU 40)
1FE | 19.722270 25.114620 44.836890
MTBF | 50704 39817 22303

olF AEFxg 7Hgsta 2HFEE odSHE A3 MCUS 1dE2 19783870, MTBF+&
50,704 (AN 7H)7F Ytk SCUS n3E L 25114620, MTBFE= 39,817 (A17H)o] Yo Al €t} o]
2 FgHow BeS o TSCO mAES 44.8368900] =51, MTBFE 22,303 (A7h)o] 1}
oA "ot o2 Jdow ghatabd 22303/8760 = 2546 Hoz UFAd 10d 8 g Zes

2}, B TCS MCU H.x=9] A=A #7}

orol A= TSC 9 2z Aol Mo §& Hola girt o] AFE gletr] 9]ate]
Sl A AZxHE TCS & AFHFE& 40%9 TSC1 I 15% = Afrstal & TSC29 MCU
CPU HE=eo] ANgLE EAsgct TSC1e CPU REx BHFFPow sfdyo] REe] 427}
18BMZ o] Fo)A AA R TSC 29 CPU HE+ Ao =dlg flate] e s TSC
of &&3 Ao 403708 FFom o] FolA] Stk S TSC2+= TSClETH ¢l o] Aloj7]o|t}
CPU Rt AAFAH, tho] Q= LED, A3, wle]azx=zmA IC, EEPROM IC, DRAM IC,
TTL IC, Linear IC, #AEX7], AYE, ICaA, =94, FFEHULAL7|<=(SMD)EHAE
PCB Soz FA% glth. Z+ CPU ®R=o| thdle] MIL-HDBK-217FE o] &3te] 1%

C
AT A5l dad 2 23S delAe= 30TE 2l ou, CPU Bl 250

g

o
i
o

f

sl VELEE 40CE 7|ExHdog dfo] AbEsla, TSC WH 257 60Cel 7%}

sa71e] FAUNTLER F4HE L= TN 1FE @3t FHMTBRES o% 3ok
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i 72 TSC1 L&A=
Parts | n 40°C 60T 80°C
Capacitors 100uF/35V Q| 2% 77 0.929881 1.509440 | 2411645
Diodes 1N4007 1 0.011132 0.020145 | 0.034085
Discrete

Semiconductor 9 0.035663 0.060915 | 0.097923
Resistors RW €]1% 41 0.561094 0.692635 | 0.840705
IC CPU 132pin 80386EX 1 1.420515 2.170443 3.538149
IC CPU Con 44pin AMB85C30 3 1.679509 2.804402 | 4.855961
IC CPLD 84pin XC9572 1 0.520436 0.574002 | 0.671695
IC EEPROM 32pin 27C010 1 0.193087 0.197640 | 0.205944
IC DRAM 28pin DS1243Y 1 0.054741 0.057176 | 0.061617
IC RAM 32pin 634000 2 0.073847 0.088943 | 0.116474
IC 74HC573 95% 20 1.135946 1.347289 1.732733
(oNe 50Mhz q1E 2 0.331064 0.331064 | 0.331064
Conn. DIN 96P male%!64P male 2 0.415548 0.567564 0.748284
Conn. D-sub 9P male 2 0.623333 0.851358 1.122440
IC Socket 32P 9l4%F 6 0.037322 0.037322 | 0.037322
Stick Jumper-Pin £]2% 3 0.007792 0.010642 | 0.014030
Switch Reset Sw. 9]1% 2 0.784498 0.784498 0.784498
LED Holder (2€*8P) 8 0.003840 0.003840 | 0.003840
Battery Ni-Cd 1 0.226336 0.493443 | 0.984840

PCB PTHs PCBs with PTHs
(787ea) 740000137 1 0.093439 0.093439 | 0.093439
PCB SMT 818 mils(600ea) 1 0.863893 0.863893 | 0.863893

p_mcu2 10.002916 13.560096 | 19.550584
MTBF(hours) 99970.84486 73745.79 51149.37

Life-Time(Years) 1141 842 5.84
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¥ 73 TSC2 1A E o=

Parts Div. Spec. n 40C 60T 80T

c1 CQR 146 1.338059 1.868699868 2.512847
) C2 CLR 0.076979 0.107506521 0.144564

Capacitors
c3 CSR 0.053925 0.07530994 0.101270
C4 CE 0.023497 0.051227241 0.102242
Diodes 1N4001, 1N4148 3 0.033396 0.060433925 0.102254
LEDs 20 0.079252 0.135366959 0.217606
Resistors RLR 55 0.196303 0.781939922 0915744
IC CPU Microprocessor 1 0.613005 0.773704164 1.066784
IC EEPROM 2 0.490336 0.49944185 0.516050
IC DRAM 1 0.089825 0.092259987 0.096701
38 1.756013 1.827718644 1.958494

IC TTL
44Pin 4 0.538242 0.545790007 0.559556
IC Linear 16 1.310819 1.361135122 1451044
e osc1 4.9152Mhz 1 0.118124 0.118124063 0.118124
0osC 2 32Mhz 1 0.181747 0.18174748 0.181747
Conn. 96Pin DIN Type 3 0.056099 0.076621164 0.014030
Conn. 8Port RS232C 1 0.054542 0.07449386 0.098214
Typel 84 Pin 2 0.037642 0.037642296 0.037642
Type2 44 Pin 4 0.044919 0.044919485 0.044919
IC Socket Type3 32 Pin 2 0.018176 0.018176267 0.018176
Typed 16 Pin 2 0.012389 0.012388795 0.012389
Type5 7 Pin 64 0.278823 0.278822742 0.278823
Stick 28 0.072721 0.099323738 0.130950
Switch 1 0.001142 0.001142112 0.001142
PCB PTHs PCBs with PTHs
(1412¢2) 1 0.192971 0.192971092 0.192971
PCB SMT 1638 mils(996ea) 1 0.641000 0.641 0.641000
Np_cPU-Bd. 1 8.309946 9.957907245 11.515283
MTBF (Hours) 120,338 100422.7068 86841.1104
Life-time(Years) 13.74 11.46 9.91

-

T oA 7o AEE
MTBF7} 11.414 0] #] gk,

S A2k 80T,

d= ZAxs

A7) 3IMd&

A EH TSClS

A2 4OTE
ZAS 7143 0C Ao+ 5849, FAe s

o] 60C= 7Fgetd 842w vetuth webA H7Hs 671d S £

AELT JOCE 7HAstA Dso|A e MTBFE 11.41x1/4

+ 842x1/2 + 584x1/4 = 85225 0. & o FHtt. TSCe 1% % 30%7F MCU el A A gktt

A= Kol
- =

o,

2557 o2 ko

@w TSC29) 4

Avsh FATS @

Sof =

MTBF ##

e
T A

2 7F AF-e %7k 40T, 60T, 80Tl thste]

- 166 -

kst TSC A Ae] MTBF+= CPU HE=9] 30% olst= =

Folm=, 85225%0.3 =
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d, 11469, 991d e ® yewth webAd 9ok $d3 AEx=E 7Hdstd CPU
MTBF+= 116425302 o ¥ t) welba CPU Euyk 3183td M

o ol wAVE fle Aom dAddn. ey delA A3 E whel o] CPU HE=9] a17go]
ARG oF 30%% S AFstd TSC2 AAS MTBF + 3493do2 o S5o] TSC2E
el dasira AdEeh

e
TSC 29 A% fFAFSE AeS Hola ged, 7/ FFe=2% IC CPU ¢ PCB SMT

TTL, IC linear, /H3|AE 5& HEFNGF7F ol - Eo] =4 e
ot 53] AAEE dsAEE E3ste] 165270 #Holup A& o] HA wgES] 18%4
AA A E AT o] Eoll tiek AA Aol arEva & = At

TCSE QS ALstd A7 AARE PCB, 9 AZEY o 2 1F9 wEATAY L

No Defect
20%

Manufacturing
15%

Induced
12%

Wearout System
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[e] -
B 2 -
o =7 1z wd 5N 24
Sl 1A 24 2xt 24 Xt &4 47 24
gl |1 | MCU=EH 29.0% | 2ZES o] | SEZE o) | AT HAAIAIRE o]
(69.5%) (OCUE ) HE BT IC &% DATA Az o]
A& 2 29 HE 2% | AF v
2 | SCU &% 265% | ZZES o] o] | Alojzrad o | OCU & S41F4
TE EE DATAA /%4 | Makerd 2134 w5
ICE#
Y B e B Cold Soldering
3 |LSU &% 79% | =49 ol Ao E9F B | gF gdow FF 3E
dg% BF Z9H A% 2F | A o)
ALAA BF  61% | 28949 o4 [ ne 54 vF | F9 A7 24 e
FEEIORY 4% FUSE & | A9%4 A 243+ #h
eERol |4 | NEs B 22.9% | Aes7] ArEg | AR dH/SHORT | W, el Aziisi g
(30.5%) 2 AR B EETA A Adzgd
/SHORT
71E &% 76% | FEAT o | AgA A ofF | FEadAzAvE
dH AL o] A4 AR A Y3 =Ar] OFF
oleld gL | FAMoR BASW TCSAA 71 wol wAse nFEe g ¢
@O A& R0l WASE SSRO Triac, AZE o], As] AN e HH & Atz Q3
TR WA BT AYERE EFoR AT HE e A
@ A z=®arge] &Hahe FEQ0, MCURE W 39 AEgto] 5o dsf gAY, At
Ak & ICe] A, CPURE Ul ROM/RAMO| g o 2 <Ql3gh dolgl Ho]xe] o]
CMOSAY /O Chipe] 1%, @l&ol< ez & d(RE), SSR HEA ks

dolup Tu T/ EFoR A% AdEH HEZEH
@ MCUR-9] ¥l &£%5 WAooz Ast WA #el
@ SCU 79 FH+rne 1%, SSU9 1%
©® S Qg o2 %
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A E]

rlo

el Ad mF F mgol wol WA, Aapy mPe P AL AsAAAE,
Triac, arrestor, RAM/ROM, A& 24192 1/0 AYEH, gFo]e WED Solt} o & =
Aol A= TCSO PHMS Falshy] 18 7 zdras Adwe] J284§ arrestor, SSRe|
Triac, A Y] A3 MNAAEE A5

2 E =2 o Al
o} TCS A3z Al e e] PHM
(1) TCS®] A&7 A€
ANAE = A7 UA S AFdats FXE A7 3] 2o AFgHH, o] Ao A&
H NaA o) 7]g AFALETFEA(DC Power Supply)ol A&t = A7 A
T Og X9 YEelA & F ARl A -uE A 2HoE gEF ZHAE HEstn

%
itk AC-DC WY F AR Wass 0Fe 29 avs: F4L Adstn Qo
7 &Y 9 Role @9 X 99 24 42 Folsht dRE ¥ s 48 W9 Ul
AFEE g S8 AddE, o

Ng FelA AAdevEAs FEZA77 98 st

A

127)128)129)130)

126) AFALFTFZX(DC Power Supply)d 7% HAH3E 30%S 7|2 -rO]—.7£74 o7 MAAsle] figFA oz T0%552] Rating
A AE&e 4 UEE k3 Itk F F Fof S ALY 5 gleE i o, o] FEe % A
2ERs 94 gEdd FHE S Zo2REHY AdHE(Line Regulat1on) o A wWE R &S T F
ULEE Rating HHE T4 AAsta 9ok

127) VDS(Voltage Dip Simulation) A& o]z} ® it}

128) =l = 12 ‘AEH x5 wEAN A 7] Ver. 04, pp. 66, 20043

)
)

129) NEMA Tb 1:1983, Section 2. Environmental Standard % NEMA TS-2:1992/2003, Section 2. Environmental Standard
130) A Ad #=-, [EC 61000-4-11:1EC2004, EMC(ELECTROMAGNETIC COMPATIBILITY) Part 4-11: Testing and

measurement techniques Voltage dips, short interruptions and voltage variations immunity tests
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i 75 TSCE AFAddeada vl &= szl g (04Ver/ 10Ver. &L

=1 2AM SE| 2 BF A H| 2

CawgAleAel7l MCU d3 4 | o9 wgle) 9249 A |0 5M0Greendlse) 25, | 3] ol
79T 42(DC P oo =
I [CIE] ]( ower 1:]_1__ L(45Oms MaX.) /\] (1) 200ms U] ]o ]_JJ;—__}- ov_i EH
Supply) W th&F AAANAE | mEAT A B 2% s
Hgstel 23w A" AA AL | 5 Agatolop g | () 0ms ol RERIAL oy g0y
e dub oha A4 @re dg | AEEH £ 83

EW Agko]l Aatel W (3) 2000] 47 450 Wk : 1)

B oed Ade wsds ojvf 2)= F2

Aot 7)e )73 i

_ . O AM(Red)d 5] 44,

(restarting)afoF at™, ¢ o

% TR ALzt | (1) 700ms v|Tk 74452t

(1000ms) °]de] HAHhT | (9) 1000mso] Ak A==}

W A e AR

(3) 70001 - 1000 w9k
Dolu} 2= FAHE)

s oF &t} 132)

THAAE Ae(ZE Ae) =AM ZH(Green) A%, A (Red)
oo 21 d42 A 5SS A st gso] |4 A

2oz qAEY e FAANE =ds 29 WE Zol

WSASH07| A MASBEX(DC Power Supply) & SHEAIY =20t A 74
%1/]1 ﬁ-ai
NEMA
T Z134)135)
131) o] F& = ¥5 49 4§, NEMA 7145 838t glouh, NEMACA 4% W&3h= thad We Aol7h girk

VS. NEMA TS- 1 Section 2. Environmental Standard, 1983

132) d& A AR weAzA 7] FE FAT dREte] wEA S Mﬂ% WENES ®F ALS dllof sk F9l7]7]el
B agdsAo7E AdAgsta el wstel 4 e sse] AV fls A7l AdAeE dnlrh it ol
& =0 Aded Al asAaAel7le Adae whE feAs WA vk @A A4 B AEE I $EoR &
T8kl ‘RAE}

133) =l & 94 A BT W lixﬂ@bl Ver. 04, pp. 71-72, 20041

134) =W ¥+ «+28 ‘AEA E% EAEA17] Ver. 04, pp. 2067209, 2004 — NEMA TS-1:1983, Section 2.
Environmental Standard ¥+- m%% t71“/HTSC 74 ol 275H 7IeUlgoz Agsta o
135) NEMA TS-1, Section 2. Environmental Standard, 1983
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A9 Jhame HA, Az g 5o 27)

%7] DC Power 948 HY T A 54 F(In-Rush Current) ¥t} WO 2 olojx= AL
o3

S ge Pods T4 2R B 2% REF 5 FHE A5 VI 5 JE Ae 33
shrhar mobop g}

W&o g2 ARAAL As) 7] 9 A E] (electrolyte capacitor)®] <3} 24 7o AFHALTF

o ﬂJ
e

= - 0] Z(Ripple & Noise level)Ad o = <} g

f
2
gll_:

B

&

frt

o

©

N

X

)

o
8

) Al AAIH Y 1

sl AIE e 14 2ee= AA 1) A HAIH 2= (Capacitance) 744, 2) ESR 57} 3) 44
+(Leakage Current) T7l=2 Wsw 4 ok o ¥ ASAAAHY Fx2E e Aol
=

Etched
Anode Cathode
Aluminum Aluminum(5)

1)
||||||||||||||||||||||||||||||mm....,

; Naturally formed
I:||; oxide layer(thin)(

19 56 Al AMAE ] =

136) A7 =2 A% UPS 55 Ab&3le] o] F&o 7H"10}»t— 7)% Hoto g A4l Al Je-dE fY %
137) = ?Vi«l 44 98 29AdU¢dnrush Current) : 99 110VAC, 9 Al FadF Aeor AL FYr9 2947
(2¢ G, In-Rush Lunent)% 30A o]stelt}. ( %“5@?}«] Az o, 270°)- p62, U BFE WEAFA 7] Ver. 04.

138) TR 62380 IEC:2004. p. 61.; A7l A ¥l (electrolyte capacitor)®] Failure modes'= 70" 3] Z(Open-circuits)”} 90%E 24|
3h, e8] Z(Short—circuirs)7F 10%S 2}A|6l= AC2 HuFa 9]
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(71 A ) A & 2 (Capacitance) 724

AAAR2E A3kE AFss 582 A A4S Tath F ol AdMAE §Foluh

2w ANAEZE 23 dle] "o mE H WA ostd AWAE AT 27] AeAE
2o "8l 15- 20% 7+A43)
NA A 2=7F sk a3 ol sl AsiAE e 4 Aotk o= AIAAY
A anEE dEe] E4 A itk dE &4 ol AS AMEEte] AlAbETE Aol A
Ripple Current®t dFol] uwfF Aol £3H Ws AFUOE galm o= Hdal sHshAIH7F AL
£33 BE 3 2ol wA3t Ripple Currente] £7F= AHAIE Y AH] AFHo] FmolA|+=
Aol Ha ol WF 2= Ao olojx Hajde] &t FobA Hajde IS

T3 "®oh A ol= AU e unFo g olo] At}

P=1"ESR

P = AWAH W &AM A9
I, = RMS Ripple Current

ESR = 7} A4 A%

o2 AoA & 5 Qo] YF dado] SushA HW g (A)o] EEA Ha 7
AE e AAEA(AA] & C)7F =AEA Hi)

C’Ze%

C = Capacitance
A = FEW AUy Q49 Bo] AAE R
e = electric constant

4= F N9 FE5R Abole] 717

139) Emerson Network Power, “Capacitors age and capacitors have an end of life,” Emerson
Network Power, Columbus, 2008.
140) FAM 3} https://terms.naver.com/entry.nhn?docld=1092109&cid=40942&categoryld=32372
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(1}) ESR <7}

ESRS 5714 & A (Equivalent Serial Resistance)?] ¢Fzfo]lm o] FHaj A Ej7} 7| oA €A~

ojelel ZFA AL Q=

Aol ol 27 )14

43 A% gholth D ool AL ww ESR © AWMAH ] Ay
M BAS 0w ook utebd ESRZF @ AdAE U ers

GeANA AAAEHE 2L
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o]
o

Change in ESR (in %
2 o
o o
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o
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4000
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2% 57 ESRe| mael AMAE e FHae] A 34

wsd 5 = BSRatol %7}
o= Hua

oy
N
@t BgHo

3
— x Experimental
] — — — Predicted
[ + Fallure Criteria
= 25
=
]
c
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o
5 S e e sy e e iagph
o -
w© -
Fs
E -
=] -
c B -~
—= 1.5 _
o
w i
w
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—~ 1.05

075 |
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=]
@
@

0.7

o], ESRe| Wst= 9 49T #AE wolw FjsiAE7E
%= DXFo| 200-300% Z7+st 4+ N A H o %

=] =
312 vEhd Aot
x Experimental
— — — Predicted
- Fallure Criteria
~
-
-~
Y
~
.
~
~
~
S~
S~
ot g
-~
~
~
-~ i
~
~
0.5 1 1.5 2
Time (Hrs) «10%

19l 58 A Zkell wE ESRgke] Wiskel el sfujAlE o] &F Ws)

141) http://m.blog.daum.net/tangleguy/18221845%np_nil_b=2, ESRo]& F31¢17}?, 2013

142) Mission Profile Based Evaluation of Capacitor Reliability in Two Stage Grid Feeding Photovoltaic Inverter,
SagarB. Narale, P Nandha Kumar, Md, Waseem Ahmad, D.S. More and Sandeep Anand, IEEE, 2017, 11p

- 176 -



b5

=

o
"
!
o

—

ol

ESR

100 120

80

60
Temperature (°C)

il 7} A1 Ef 2] ESR%}

9]

40

20

(=} c o Q

(= =] Q o Q9

- D O 0 &~ o wn v o

o o o o o o o o 0

(47) saueyoeden

(=]
o
o
o
o
Q
o
o
(2]
Q
g
Q
N

40
38
— 38
34
32
30
28

Temperature (°C)

il

=
T

Sholl

o
i

X

-

o A

7N o) Al E o

@ittt wEbA A A E el 9tol

)

AAe] =

Aol w37k Qe

i

%

TR

= ABRE AiAE B2 9o A

mel o g

ol

KeR
=

7FetAl =

=
[}

A5 ghol

LRI

Z7FA a1 Qlth

[e)
s

Fol o)
GEREERED

oF
H

age el A e

Kol
=]

Ae7h A o

ol wheb e

143) A3} 771, http://www.samwha.co .kr/electric/customer/tech/TEC1.html
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® FREQUENCY CHARACTERISTICS

Impedance vs. frequency Leakage current vs. time
10000 100
;-g 80
= €
e o 0
o (=)}
? 1 g %
£ = fE==ssat ®
— INEET] 1 LT - |
01 ~— | 20
...\\_.__ =
0.01 0 e T ——— .
0 1 10 100 500 1000 2000
Frequency (kHz) Time (hours)

28 60 ASAAAAEH sk A

(3) Swelling ©]v]#] 7IRE e 7HfA[efe] AdG

e

Sroll A Atw 1 mpol o] M| AMAAIE S Fo e &4 ESR S FAARF F
7bsol 37FAI7E Atk Aaf A ™A Bl o Aghs ®ol oFolA she
g149145)146)147) . T B2 ESR F718 Aoz =4ste] 1 oJRE dAdsazx e A
Eoldth 29 AfAIH S ESRE FAst7] flstode AMAHAEHE SzmoA A A=
HE off Al7]aL AT F UAEE 2 AMAE A2 FHstolof stRRE J]Ed e Al =H
o= AE&sr] P, N2 A2=gS Mdss 49 18d ¢ e waolth olejd o f

2 ESR= °l &% daiAAf I E e PHMS Wi UPS o 22 thdA|Agol st o %

144) A E(ERESH)(2012), DC - Link A3 AMAIE Y] 289 2gAGE 7158 2t FAAAGA 2 71 AALERS] =2

145) M. Rigamonti, P. Baraldi, E. Zio, D. Astigarraga, and A. Galarza (2016). “Particle Filter-Based Prognostics for an
Electrolytic Capacitor Working in Variable Operating Conditions,” IEEE Trans. Power Electronics, v. 31, No. 2,
1567-1575.

146) K. Praveen, N. Kulshrestha, L. Srivani, D. Thirugnanamurthy, B. K. Panigrahi (2018). “Prognostics of Electrolytic

Capacitors under Inrush Current Overstress,” International Conference on Smart City and Emerging Technology
(ICSCET).

147) Q. Qin, S. Zhao, S. Chena, D. Huang, & J. Liang (2018). “Adaptive and robust prediction for the remaining useful life
of electrolytic capacitors,” Microelectronics Reliability, v&7, 64-74.
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TSC ¢ &Fvu HafAAAEH= TSC =9 Al F¥H 25 F5, 5 -354 2 AYgye=
AAAY ANH/AA7 A 5 2EYAE B ddzddME AuAE SE2EE da e
TR A AHAE A g ERE oyl o] 2 Qlste] FWH REFEC 1S ofr]s
A frk e Ao R2E AHAIE ] WAl S RAdA TS ARFE At
AHAIE HF-o] 2E7F FobA| AL, o] 2 <late] HMafjde] Fko] AT o] A A LAY
§F 72 skl ATiAIE WFe] o] EolA| i
swelling ©] WAsH, o] FjsjAEe Lol ESR ZUE obrjd 4 A wHh
Swelling o] AliA™A QA E o] 2w ojojx= Aoz Adeix gt

2 AT olyd AE efste] AMAAIE 9 swelling A4S ol &
ozt gk da) AAAE S dst ARl wep slWo] FEo eEE SAS zba vk
o] 5 o] §3to] AIAIEIY olnAE T3 dslo] AEE FotstE WHES AASL
AHAE &) Swelling BEE Fotatr] i hletE S8l oA B9 oln| A& 53t
Aol Fgstrt, dubAQl ojux]= Aoy} Wow Qg wo]=7t AlojA] ItiE AME-S}Y|
ol &= ool Ut o3t AS Bl WAl olw|AF ofefe] 1 o] Sz WMo o

A
nA 2 FEete] AHAIY slde] e sy s v

% 61 o3k A9 52 AuAE
ojm ]

148) ARAE A2/ AEIEe Fe)sAel ) AN E ) ngegoiRE 4 B
% sata g

F 9tk A4 54 F4e 13 RS Relstlopn
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Swelling &l

___ §=0|

18 65 Swelling® 7 # A €

obeff <& 89>= HAT AMAMAH SHAAANANE L, ESR, S50 AHAEH O £olE
SAT dolHolth A8 N& oju3t REfA: FA4 &2 71 AHe 54X 9f wo]E UE
A Aot AAAE ] Eol= FAAIYH HAe] AelE M Aoty Swelling® Eol=
Swelling= o] H&o] & AEE udn. &3t | AAAEE EololH 2EHAE 7hekA

Fe AMNEANE N ol W grolm 44l HEFo] o8 A%F vhehith

AEZF =5 el wel FES] obAal AT o= AASAIE S aie] Ao AR A
AMEA(E ) Faek AMAIH ] o] WMEtte] BAAE 45t Aol vE SAA e B

¥ 76 43t AAHO &2 Swelling® o]

A& e N = A1 E < Swelling @
- £ F . (uF) ESR(R,) =4 74(D) = o] (mm) = o] (mm)

1.1 1346.51 0.0467 0.394 50.55 0.15

1.2 1381.06 0.0461 0.399 50.46 0.06

1.3 134851 0.0458 0.398 50.54 0.14

14 1350.32 0.0483 0.414 50.65 0.25

15 1354.48 0.0482 0.411 50.72 0.32

2.1 1342.54 0.0489 0.414 51.71 1.31
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2.2 1347.8 0.0482 0.406 51.53 1.13
2.3 1328.18 0.0482 0.402 51.3 0.9
2.4 1383.23 0.0486 0.422 51.35 0.95
2.5 1366.21 0.0482 0.415 51.44 1.04
3.1 1340.12 0.0499 0.42 52.24 1.84
3.2 1323.48 0.0501 0.16 51.93 1.53
3.3 1317.15 0.0503 0.415 52.3 1.9
3.4 1327.91 0.0504 0.421 52.02 1.62
3.5 1341.51 0.0513 0.433 52.17 1.77
4.1 1328.07 0.0503 0.421 52.38 1.98
4.2 1348.61 0.0482 0.407 52.57 2.17
4.3 1305.73 0.05 0.411 52.24 1.84
4.4 1346.51 0.0488 0.412 52.03 1.63
4.5 1320.23 0.0498 0.416 52.26 1.86
51 1323.15 0.0469 0.39 52.39 1.99
5.2 1311.69 0.047 0.393 52.53 2.13
5.3 1305.82 0.0483 0.396 52.25 1.85
54 1307.78 0.0497 0.408 52.52 2.12
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(1) TSC ¢ 3

WEANSAAZITSCE vFe A7) - A2 59 =9 7402 /dd AFozA H7 4
o, AR FAE, SAEAA A GeE, ddEs dAste A S S 5 A

&
FAol BHEoZ QAHES o]FV] YAAME =l FHeA TR AZTEYC o

T} 149)

F 77 TCS wFaA 7] 4715 ¥ I BHE FA9 4 g 8oF

o 5 SRS

;j iz ;igoe T4 WE [5d B85 A7) Ver.04] H] 3L
[2.1.7 2dlpds |3) HEEIIVE  F - FA ARE FAEE HAA | AR A A
(Modem)] 2RYH AFAE BIE7] ¢ 3}04 AR ouzh A | A g g

29} 7ho] Surge ProtectorES x| 3}o]of 3},

226 717 |p8l |7 HE 32 72t 29 3|2 ‘%Lﬂ o a2 | AR 4 4
Z(LSU : Load 2 &(Fuse : 20A ©]%}) Al UHE- S
Switch Unit)]

149) 93 ®E7] HE O AW FRe I AR Al wmEkd AEE gEAE dJ, o HES
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71] Al Ui g
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(3)d] 31}7 WA A &2 SWCS(Surge
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T2 T4 el Iz E= 74 ]
OugalzAle7]8 A=l - oFdF WAY A
9 9y Mx BE RE: ‘ﬁ - e A57] e
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9= 921 $0.8+0.1 55 = 5
(base dimensions between ‘\é -{\"ET ?_]_ 7]’ §l’ E}‘
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- 4% 3599 A48 B
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- lRos 48 F& FAA
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- UL 14 <1 (E328370)

- RoHS Ul§
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AlEdle]ld AlEd7IE &Esto] mF dE AUl FdB 2 1.2x50uSec, 5000VE H-7Fake] A9
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© o -
% = 7 Energy
L L
- = Clamp
— -l Voltage
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NEg HE Voltage(V) 3
7 720
8 720
9 720
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720

MAG 0.00iv

11

oA FE

12

720
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|
e o]

Trigger ot sync [3

4
10

Interval |
Count D
fJutput [S_u—rgeoui,
Bl Breakdown

A

19 84 ¥ F7|(Arrestors & Varistors) FHAHAAA] 3} EA HAE

161) IEC 61643-11, -12 F5714 27, 2 =l TSC 423 114 9P Agar4o uet bl =E AAF
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O 3 #7|(Arrestors & Varistors) #FJHB A2 &3t 54 H2E 4 RYET

Uoltage +5@ KU
1

1- 0r 208
Output 1.15KU ~ 1650A

(AN p———oHoT

13 85 37| (Arrestors & Varistors) FHYHAAA] €3} EA H2E 2 RYEEH
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O 3= 7](Arrestors & Varistors) 2 94H 242 &3l 54 HXE

; SPD + Logger, IoT (PRGM) ; MOV Varistors + Arrestors — #FHYJH = AlEHolA H|

2Eo] @& SPD €3t 54 doly #F(Data Acculation) IoT XU ¥ #162)

JTDOOR
L=N: 25V
PG
sEHUE g
iinsstioe and Quitainar Lse)
-5/ sAMRIINS

Po&h}er SPD

Irmax BOKA
Imax 100KA

2 [ A0eA

N-PE [ AC25SVIAB~E2He.  NPE 25K

LN ACI20V/AB B2
MRS Y 2
[Ctma andd Capacity)

L= (L2 80kA

e

! - ALK
Lo

N-PE

OEOOO

728 86 ¥ 7|(Arrestors & Varistors) F YA A 43} 54 HAE-SPDEA7] S

[e]

162) KS C IEC 61643-11, -12 %3714 27 Alg AE 14 H2E
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O I3 7|(Arrestors & Varistors) FJH 22 d3l 54 H2E
; TCS 8 A48 Varistors + Arrestors 7724 — FJBx AlgdolAd HAE A&

of W= SPD €3} EA dHolg =4 RUHY

- 2499 : AV3P-2 in TSC

- Al ZA} : AFFZAF, Made in Japan

- 8% : TSC 2§41 5A o7&
(240V o] s} AY3) A B3)

O AFY Specification :

Maximum Continuous Operating AC 240V
Voltage (Uc)

Impulse Protection Level (Up) 1,200V (10/200us, 3kV)
Impulse Discharge Current 9kA (8/20us)

Lightning Surge  NoiseKen LSS-15AX

Simulator

Oscilloscope Yokogawa DLM2054
3 1000:1 Sapphire S1-9010

Differential Probe Instruments

a9 87 Y 7](Arrestors & Varistors) B Axx] d3} EA HAE-HEHH]

- 208 -




O 3 27| (Arrestors & Varistors) #YH =A% €3} 54 H2E
; TCS 8¢ AAE Varistors + Arrestors 724 — FH A2 A EHolA H2AE A&4A 9

W SPD 98 54 A(/R() F4 71F AAA7 wUEzY

- AMZX| @17} : 5kV ; 1.2/50us, 8/20us (Combination Wave)
- 0171 2% 2N [ B2 2 303

- 017 BE : 37| AIZI O8le| ShXH] HE 1-2, 3-2

- A|& HS : #1, #2 (#3 Reserved Sample)

10us/div

a3 88 I 7](Arrestors & Varistors) 2| YHE 22 A3} 54 HAE-A/F SAE Ax|Q7} HAE
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O ¥ #7](Arrestors & Varistors)# JH M2 A3} 54 HAE
; TCS Y8 A4S Varistors + Arrestors 774 — F Y2 AlEY oA H2EY wpE

SPD €3} 54 Data; SPD ¥ 3}

J{m

4 AE)/FE) 54 71 AAJDTE ZUHE

¥ 81 92)7] SPD #d 4 g 2 5%

=
A=ds BE Q7HEY B =4 Mg mag S8 Fede may AE#E QIZLEY B4 34 Mersey Moy 3 Merer mud

1 1160 772 1160 802 1 1160 862 1080 832
2 1160 773 1140 803 2 1060 863 1110 833
3 1160 774 1150 804 3 1060 864 1070 834
5 1160 775 1140 805 4 1060 865 1080 835
5 1200 776 1160 806 5 1040 866 1130 836
6 1190 777 1170 807 6 1060 867 1140 837
it 1200 778 1160 808 T 1080 868 1110 838
8 1180 779 1180 809 8 1040 869 1120 839
9 1110 780 1180 810 9 1060 870 1130 840
10 1200 781 1210 811 10 1060 871 1070 841
1 1180 782 1200 812 1 1050 872 1070 842
12 1150 783 1190 813 12 1060 873 1160 843
13 1140 784 1260 814 13 1070 874 1150 844
14 1160 785 1170 815 14 1050 875 1070 845
15 1170 786 1170 816 15 1080 876 1050 846

i i | 16 = 150 787 T 1160 817 1 d=d | A 16 o 1040 s T 100 847
17 1140 788 1250 818 177 1040 878 1090 848
18 1170 789 1180 819 18 1040 879 1090 849
19 1150 790 1150 820 19 1070 880 1090 850
20 1180 791 1200 821 20 1040 881 1100 851
21 1130 792 1110 822 21 1060 882 1090 852
22 1170 793 1150 823 22 1040 883 1100 853
23 1180 794 1130 824 23 1060 884 1060 854
24 1130 795 1160 825 24 1040 885 1060 855
25 1170 796 1120 826 25 1040 886 1080 856
26 1140 797 1140 827 26 1060 887 1060 857
27 1170 798 1150 828 27 1040 888 1060 858
28 1170 799 1120 829 28 1040 889 1090 859
29 1180 800 1160 830 29 1090 890 1050 860
30 1160 801 1130 831 30 1080 891 1040 861

AlZHs g2c QITHEY S =4 Heee ods 34 ey oem AlZ@E BE QIpEY B 34 HEd oy IS4 HeEYy ooy

1 1120 892 1130 922 1 1080 982 1080 952
2 1040 893 1160 923 2 1110 983 1130 953
3 1060 894 1180 924 3 1060 984 1120 954
4 1060 895 1200 925 4 1140 985 1130 955
5 1040 896 1180 926 5 1040 986 1120 956
6 1030 897 1180 927 6 1050 987 1120 957
7 1030 898 1180 928 7 1060 988 1110 958
8 1040 899 1230 929 8 1130 989 1110 959
9 1120 900 1220 930 5 1100 990 1120 960
10 1040 301 1110 931 10 1110 991 1120 91
1 1040 902 1200 932 1 1090 992 1100 962
12 1040 903 1180 933 12 1120 993 1110 963
13 1040 904 1220 934 13 1060 994 1130 964
14 1040 905 1180 935 14 1060 995 1140 965
15 1150 306 1220 936 15 1060 996 1150 966

b G kv 16 o 080 007 T 1230 937 2 A | B % o3 1m0 997 T 130 97
1 1080 908 1190 938 17 1090 998 1120 958
18 1080 909 1240 939 18 1060 999 1070 969
19 1060 910 1160 940 19 1080 1002 1060 970
20 1110 911 1190 941 20 1100 1003 1140 971
21 1040 912 1250 942 21 1040 1004 1150 972
22 1100 213 1220 943 22 1060 1005 1110 973
23 1100 914 1220 944 23 1060 1006 1080 974
24 1040 915 1210 945 24 1120 1007 1070 975
25 1050 916 1210 946 25 1130 1008 1090 976
26 1040 917 1190 947 26 1060 1009 1050 977
27 1060 918 1150 948 27 1040 1010 1120 978
28 1040 N9 1200 249 28 1060 1011 1140 979
29 1070 920 1190 950 29 1100 1012 1240 980
30 1040 921 1200 951 30 1060 1013 1040 981
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O 92 7](Arrestors & Varistors) F YA %] 43} EA HAE
RN E Eel gl AELS)
; TCS 8 AAE Varistors + Arrestors 7724 — FAdHA A EYolAd HAE we

SPD 43} 54 Data, SPD €3} 54 A(+)/F(-) =4 7%

s jifgelRe:] Hl D
1360 1015
1380 1016
1400 1017
1500 1018 A A mpE
AEgs e QIZFEY == =4 ot 2 ores H| 2
1 1370 1019
2 1 =2 15kV 2 =3 1420 1020
3 1500 1021 B~y ¥ T 5

ohEE AlEE

% 89 9 7](Arrestors & Varistors) 2B 2Ax# 3t EA HAE-AAUE <l gArE

163) A 7‘]141
go] %

Eq, 2



O I 7| (Arrestors & Varistors) # Y22 A3} 54 H2E
PAAWE 9] HAE ) TCSYE W dAMES 9F] 7]

2 4F2 el AE - AT ARl P36

2% 90 9 7](Arrestors & Varistors) | UH2M2] A3} EA HAE- ACH A% HE

164) KS C IEC 61643-11, -12 F&714 <7, 3 =d] TSC 423 14 =4
Device) 5% 54 574, ¥4

ol H A AFA 7], SPD(Surge Protective
M Azl wpe diok A Zast
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O Y& 7] (Arrestors & Varistors) I 242 €3} 54 H2E

AR E BdA 89 AMANE A3 HAE HSI165
; TCS 98¢ A48 Varistors + Arrestors 772 — FdHAXA A EH oA HAE uf

SPD €3 54 Data, SPD €3t 54 A(+)/F() =4 7I&

il

AE= ALEI AlREE §|§E
N i .. L‘ ' . ®
N -
PE -
! . o
& Ac 150V |'C v il
" TMoV :
i}
- spD @
——Fuse --Ceee PE
3 Varistor o o ]
@Arrester ;

HE& M

F|CHE AFS Y L-N AC 300V / L-PE, N-PE AC 400V
MNX| 8% . In 10kA / Imax 20kA

ek EQEH : L-N 1.5kV / L-PE, N-PE 1.5kV

KS C IEC 61643-11 7| & BtF (thermal fuse, HEHEA|7])

165) KS C IEC 61643-11, -12 2] W& thA] B AFe g3 FdBAAA 8| 2E AE - dZData
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AEfE SDE  SI7PEH2 == =4 HotEY o Bl

1 1330 1022
2 1370 1023
3 1570 1024
4 1400 . Data 92
5 1410 1025

1 L~PE  15kV 6 3 50 102
7 1710 1027
8 1430 1028
9 1520 1029
10 1460 1030 (0] P g ey B=1

28 91 9 7])(Arrestors & Varistors) B AxM#] A3t EA HAE- AAYE BAAA 2L&35
AAYE A4 HAE A5
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O ¥ 27| (Arrestors & Varistors) FU&HAAx 93} EA HAE

D EFE AR AlEold HAE A8 Al

<= Supphire Instruments 1
$i-8010

el |

|| vy

&
]

A A A A

(Lightning  Impulse High Voltage | High Voltage
Surge) Simulator, Difference Probe | Difference Probe
LSS-15AX, Made in SI-9010 with Digital | SI-9010 and Digital

Oscilloscope Oscilloscope
Japan
a9 92 I F7](Arrestors & Varistors) QP 2M#] 43 54 HAE-FYHAaA 2] A EY oA
H2E 8744 Ad

O 9 & 7](Arrestors & Varistors) FUB M2 g3} 54 HAE

AANE HAE Ay 24 3 BdA A8, AANE 494 HAE dAS — 2271
AdAAA S T AVIHHTVIE A/ HE - AT HEEWD

; TCS 8w A28 Varistors + Arrestors 114 — FHJdH A AlE# oA HAE

166) KS C IEC 61643-11, -12 774 2 A&H dF2AA EAANE 14 e w2 A 28 AF dish fFdF2AA
HAE HE - A=
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- vs. AV3P-28 (&8 %A & 3=z o
%)

O SPD Varistor+Arrestor A A A%}
A 2R 15KV A2 <17}

- AANIEES A

Aol A = 2(

4]
2As] A A, A

il =1

Mo g MA A

-/

=

=]
=

S
7

)

>

2

71k &

RS

HN
=Y

=2
=

ol

Hd 2l

e

19 93 ¥ 7](Arrestors & Varistors) FYB2A A dsl 54 HAE-F2]7] AZHAE 53 7]

=

VT AR HE - HT HEE
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3

A8 =5 o 05mol o

O SPD ®A7]%, TDK EPCOS &4 13 EA4 74
9] 2]7] SPD Varistors®] 437} H&4S FHAF=

< 7F Alel 92 7] SPD Varistors A7} 2 8167

o
=
)
Z
e
Lo
Jm

olN
o

VARD0SE-G ‘“;:;‘

. ‘ : 40KA RI7HA| 13| AE] :
ek ~— I 10kA CI7HA| 103 AE
10t L L1 5KAQI7HA| 1008 2= :

5 X 1KA °|7H\| 10003I ZiE :

puesaudeEasEeBaaningueEling

BRANRUENBERS

1 2 g
|

0 =W = ———— | : :
’ = ' : :
i ] | | :
101 5 102 5 103 5 ps 10¢ s

BUEUKHEER S UNYRREER S G adaaEs
TR

= oz
® o o

SPDE  whelxE RE o ARRIgEe] wEe dEsA
(TDK-EPCOSAF in 20KA): KS C IEC61643-11 7#4 W8~ | SPD Logger Ho|H%AS E3 SPD daE54doe] 2

MAWE, A A7LE S 7E AA SPDZETFH BA7I¢ HUEY voH AE - 4T
5000 T
-
Y
\\ &
=
1000 S =
o =~
= K zﬁ AVALY L S eN ] B i
< W RN k< 4
\j 05 \ N N 1000
2 00NN N NN =
i SEYWHS = 500 -
= ONNISIST = 400 N s
e ~_Zo> SRR N S-S bt LT
W SN h, N H 300
[T \\ NN \ L—T"
N ~N LN @ 200
10 \\:*\"§> Ay Fr =l
-4 == 100
3 10-° 10 10~* 1077 10~ 10-' 10° 10' 107 10° 10¢
& i (A)
i SPD ZnO Varistors®] A{F-A% S54(Y Sankosha ‘=3
2 100 1000 10000 @ Handbook SA1RSHAIA pp. 83-86, 1990) — FKY
= = =
o — 5 R (us) &), A XF)

SPD ZnO Varistors®] A A 14 EAd: A%
AFNF), AR HXEF)Z A=A 17 5-212]

#A EA Graph — (¥ Sankosha ‘F 3l th 2]

Handbook &1 E A" pp. 83-86, 1990)

a9 94 SPD 27475, EPCOS 54 a8l 54 &4 dolg d354-SPD Varistors<]

167) SPD Varistorse 4 nfe 548 7HAH, 01~3mA L2 T4 A F(Leakage Current)”} Al o= =7 SPD
Varistors®] @3}7t A8rE FAAFE S7MeAIEY F 05mAe)l o2 F7F Alo] 9&]7] SPD Varistors wWA7F F 83}
=3
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; 93 7] (Arrestor/vte] 2H) F-3F 5AS AEAIQAAHE HEE AAgto] AlddHolE 4]/
H7tE S A7t 7l AEE $30E EYsto Ad3E =& W&ot

O 7] G4 SPDI69) A|&5+4: AV3P-238 ; 9 Sankosha 3|A} A&

O HE3tes Mar BRI AN7] (TSC = TCSZE AW oz Alg) YdEdyd A4

O TSCE AH&AF: dE 170

O

==

T 54 7|5 (Major Purpose Functionality) : Y8 d ko] EF2 X221} Ald] HF A}

N5e 2E Ao Aelde], 4 TSCTANAE AYA=AANZ FHate 857
5% ooy
O BATFA: Ful AW WEATA)T] EFEFAN

- NEMA TS-1, TS-2 Std,,

- 9 HD638 S1-2001'd HARMONIZATION DOCUMENT-Road traffic signal systems

- tr2500a, Specification for Traffic Signal Controller, 65p., Hichway Agency, 2005.(++ %
A o)-1

- JEC61508-2 -Functional safety-Requirements for electricalelectronic,programmable
electronic safety-related systems

- CALTRANS, w]= w %213 A9 7], California Department of Transportation (Caltrans)

- 9 EN 12675[1]1-2000 - =it A-2SA o7 b e 4=7

- [EC61643-11 & -12

O A W &% oF OKA o APk AAWHL AAT Qe AOE PE; o] e B
= g Rgett 0KA £F v A FAe] e FEolv, By A BiE T

BN
e
_I U
=S
ot

(B 2AMR H2ELWD) doly F4 H7l/AEZConclusions:) TCS 8o A2 F-zslo

168) TCSY T HIH 2 M2 e a2 A S ol J=191dRE FE5r70] Az o]F FAMFo] gz x|
Ao A E FAo L&A AR HEdle AMEFol US)AVIP-28 Arrestor EA HAH Ay Fo 7|k

201801.12.72018.05.14. 2. 24 B4 HAE Fagu|E B4t g+ AEAY 3AF 9 ad AR AJA - gu)E 8835}
AeYstdt — (2018.05.14, A&7 U8 HE Al 81ak) o]z, H7), ol A& (o] AXd A 7PgFAEATA A% A

w7k 2 okgd o] wF %A
169) Surge Protective Device
170) Lightning Impluse Surge Simulation Test Z+&# 3+ KS C IEC61643-11 & -12, ANCI C6241 etc.
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Ab&ohs AV3P-289 Wated, MANF(sA FE7AA e AR ARE ZFEte] «1) AlEH A
HaE 92 Agdas 24 3719 e AR fAF Algew WA s 2
G ZHAAL gl TDK(EPCOS) vl =8 dlolH s EoA AAska o= S48 2s 7}
A Ao dddth 538 @ ARSF<l ¥ 7] (Arrestor)i= oF 9KA ol s AW S

7HAAL Q= AR AE; o] B A MXAo FFste 20KA 5 vl Al qfAo] e

Sl
M
o
e
e
L)
)
[UJ.,
i‘
N
e

N
o
o

o] & =l - 9] A7k FdskA ol AFx

S
v Ay 5 54 Vs 3E HE g2 ye<d
O #4A HAFRKD FAY: A Al

TCSHAHE 77 =dT

O ZAMS: No.17CATP-C129828-01, & A&LHAY - A& A HS 18CATP-C129828-02

O 718 4 AEF+4: AV3P-28 ; U, Sankosha 3|4} A&

O A&ste Mar wFAE A7) (TSC = TCSE o= AE) YdEdd A4

O TSCH AH&A4: die 17

O F HA7]'5(Major Purpose Functionality) @ Y& ddcte] B2 A A|AY Ao HEAA 7]F
= e Blem AHosiy, A4 TSCFV:‘OHHE FAdaqx =l Fgets BRovles v

O #AFA: U A2H we2lsA7] B t4A 9 o
o] o

- NEMA TS-1, TS-2 Std.,
¥ HD638 S1-2001d HARMONIZATION DOCUMENT-Road traffic signal systems
- tr2500a, Specification for Traffic Signal Controller, 65p., Highway Agency, 2005.(f %
2 of)-1
- |EC61508-2 -Functional safety—Requirements for electrical,electronic,programmable
electronic safety-related systems
— CALTRANS, 1]= %4 §X1]°17l California Department of Transportation (Caltrans)
- 3 EN 12675[1]1-2000@ —-E =71 4-2ZA 7], tde+xA
- |[EC61643-11 & —-12
O 714 W& &% ¢F 9KA o ddste AAWES 7H e o= HE; o] i du AX
of F-&3sk= 20KA G HlaL A] qfA o] e 5ol

(

o

015 &= W€ Conclusions :) AV3P-23ol thale], MAWZF (=719 NAAHE ¥
3te] «1) AlEE Ol HAY 2 AFANES B4 PGrek e gAdor FA}

AFEoZ HAAN AFAFE F-HE 7HAaL = TDK(EPCOS) Wi 2~F d]

171) KS C IEC61643-11 & -12 7+43 AL Z-]%H?} 1A &S AEsta v o2 Fd FE59 Al
W7k AT o] S - 9 ArIekAvIEe] R ol AHEAT FEEAZ BaF Aoz Py
%27} B 2.
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oTe] ACIA AL Y= B IAEE AT ASE FAg

- “

part

(1) AV3P-2% Arrestor 54 H 2" At F£48 7|72 2018.01.12.~2018.05.14. 2.2 4 54 H
2E FQAVE BRI JE AAAAA A4 9 AP AR M- FE B8

(Remark:) ## H2E B4 J& s+ HH 14

2018.05.14
AEZE W8 Bl (% A9) (#1:)
Qe A/ 7%=l o] 4 &
ARE ALY FAATd H 4
B A AdATL o] A &
ofF st/ AF g L 54

91l Axs Tk
@O KS C IEC 61643-11, KS C IEC 61643-12 4 *2]7]17](Disconnected switching
device) BA7|Eo 2 F¥Fate] A7t S FHESs AVt A Fia U121
- KS C IEC 61643-11 #| 3227, 3228, % 7251% &
- KS C IEC 61643-01 A 3.29%)
- KS C IEC 61643-12 A 3.16%

@ ANAAZ] RO FA H

fol
i

3t AMABIAAX(SPD) F+4L2 IEC 61643-11, IEC
61643-12 =t#17+2 2 TBT @Al @& KS C A=z z7|ebdel] AE=ojok s}, =y
TSC g AAE AE F2d Arrestor(WH-o Varistor 23 H-EFo2 FA4)= ##H9

3|

I~

172) SPD ¥ ZA(RdY o: SJ-2212CIMO)¢} #8]7]17] AZAZAg oz H7|ekd REF40 2 g FQ3)

173) KS C IEC 61643-11 % 72513l 9Aste] “SPD= #E|7l(WF & 9F, & U oF 257 2 F )7t lojof
sith o TNAJ2~®9] N-PE H<7F 281/ == TT A28 A8 A28 N-PE H&71] AxlE SPDe 71 A
ZF g 5 9l glar o] 9tk KS C IEC 61643-11 % 3.1.28%: SPD #2]7] (SPD disconnector) & #A]2] 0 2 B-E SPD
S MEA7IE 42 — SPD #E7IE A% S a7shs AT Aee aekA etk RV AlEe 97
IS WA AL SPD 145 FAlShEH ARETE 287 W EE Ao R Ao Theeh 4E el A4S AxA
HANE Aotk HAFE A5 @ wE A5 5, St 099 el el 9 S At ol e i)
AA EFE PR Q3 V15ER e AR A7 Yol EAT £E Uk

KS C IEC 61643-12 % 3.163F SPD 2¥7] (SPD disconnector) SPD7} 113d wj A]~#loA SPDE A}tH(disconnect) s}
= AL 4*“‘01]*1 WS A|EAQ0 ©52S BAshal SPD L5 4-S 7FAIA o AAgTh — KS C IEC 61643-19] 4

gl O
= a1

ta o

e

o) 329 & QBT SPD AWl AxT A A 5ol SFHCOl 2] GEF E 3 g2) Got B
SARYE BE 75, 7 dete] od nEd 4 AFe] o wE oo AL sh} EE 1 olae] AwlelA
Qg 4 St 7 Aol SPDol Aol A ol%o] A3Eo) oItk SPD = Ei Ael Aol AFE T 4 Ak
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91 }170)

(3) oldl~=H e = 7|4 PHM

9ol e HE A TCS uteg]~E 7} TDK ulg]~E HolHAIENA Agsta g =
Jagzg mee Aor FAGYT. o AdE wgor PelFws FHer] A P
modelS 7|@el7] f18te] SPD A A Ael a2y @=ste] SPD Aol gt AA A
718 M ARIZY 7hs3laE AlEdeldoR Fetat. e ol ZEA Sl AR A7]E A A
FolQll 3152 LER o]tk 1)

382 AA| A7 AA T}

class | SJ-2208C | class | SJ-3408C | class | SJ-2212C | class | SJ-3412C | class | SJ—-3425C

2 2MO 2 2MO 1 1MO 1 1MO 1 1MO

KA Sl KA = KA S KA = KA S

1 00000 1 00000 1 00000 1 00000 1 000000

2 00100 2 00300 2 00500 2 00500 2 00000

3 00200 3 00600 3 00000 3 00000 3 00000

4 00300 4 00900 4 00500 4 00500 4 00000

5 00000 5 00200 5 00000 5 00000 5 00000
o714 class 12 WRAY @A 4o AME 5= vlg]~HolH, class 2+ 4y A8 AA]7]7]
of Alg5= 7-$-o|t}176)

g ARE 1Az Yed Zolth /Y RAE gk ARE FEHATL.

CiI=2o MES=:S1 01 N1, S2 01 N2, S3 O N3, S4 Ol N4, S5 Ol N5

401 S e
— B S2sn2
& - B3 «HN3
—h - DA

304 n S5 « N5

KA

204

T E e e e A T AT A

0000
N

0 50000 40000 BOOO0 100000 120000

% 95 MA =St AARe It 35

174) ¥)2)4n)= [BC62305, 7157174
175) 40KAZHA 9] Hlo]El2 155}
176) IEC 61643-11, 12 i w}e

= [EC60364 EETFE o2 443

"]— 7]0‘];]]’] 7]U]/\]—6]—O§ :F_x‘ﬂx_]?_‘

A5 At

.
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I
rx
o
fr
Jx
i
-
ol
™
P
ro,
=
N
N
o
i,
rlr

9] 3+ TDKAPoIA  AFs d3E5A
SJ-2208C2MO Aol th 3 A =177

—a, 5+, S<c (KA)
N=1—a,S+b,, ¢, <S<e¢,(KA)
—a§ +b;, ¢, <S(KA)

S ¢ A7F MA (29 KA)

N AA <7} b 84

g wxgch of 4% AAHAY Holdn A e AFES 99 Ho| §Fae weldtol
Wl Hn dE 50] SJ-3408C2MO A& &S aefste] 19 e 3ujE wste] -3
o]t

99 A& TDK Abe] I ZE 37702 iro] 7@ A, o & shte] FHoE wd
HE FE 9L A0E B SN FAW LS AAFAF RIS o] §3tel B4 AA

NS" = K

InN+mlnS = InkK

NSH13 = 8176.341C

177) 4559 e APIANGoR 45Y
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o e @ & Atk (o] 42 SN Helatm a44) ol FF C & whesE Sl we

o5 5o SJ-2208C2MO vl ~E & Al&sh= A4 #IA o]g o] 3KA 5003], 7TKA 303],
10KA 535 A8ttt &§ 5KA7F A&4o=z 7o ol o33 o] 33
etk A7 MA7E S = 3KA ¢l gl N = 22001%), S = 5KA duji= N = 400, S =
TKA ¢ W= N = 256, S = 10KA & = 40 o2&, S= 5KA ¥ o 74 <7} 7453
TE n olztsty

500 n 30 5

5200 400 " 256 T a0\

2 FE n=2278 & 22832 7 ¢ vk W 7|4 &% 5KAVF A7tE S o FU)
o= HA HA Ax 9] Fdghs o] &ote] FAFHE T+ F Ak F HA
AR A 2] e] A7) (3x500+7x30+10%5)/(500+30+5) = 3.289 (KA) ©|t}. &F Hit A7

7h HEETE N & N =1939.252 o|t}h. wheba] e dl7t 7he 3l 11046 32 4

g9 =% olgetel wYxEel HelsRe FHsE 2AL T Lol P F AL

178) 7|1 = B9 A& ol&ste] FoloLth, SN 4% o] 88 = 3t
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Ao Aot Ao TAo]l Agste] AZF t7hx] WS = A A e] 7} Poisson ZE A

ol

2 wZ2oa 2k = {(X1), t>013 A7 74 A A9 Freka 3 ouj

PX@) =2) = ——

7x:071,2,

2 ZpAeA o714 A = dgARbg AR ARt o] 4

Tl TE TB T4 T5 TG
(Bt i+ 1PEH Alarol 225 = Alol=] CHOLAIZE -
Ti~ i.i.d. Exp ()

% 96 FohEahgnt A5 REL] W

el TCS o A7belis AAel BAA%s 2718 7153 logger o] Athd Wol$dg o
3]

&3 o] 7 & Yt SE iHAE BAT XX

27), Ng D AAFES A77bs 8
7

‘0/]
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2 7% 5 Atk 474 N = AR FEol §d u ATk Aol
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&% Sunglin Techwin Intelligent Surge Logger V1.0 X
COM port [COMS -'I Baud rate Inszgg vI CLEAR
Date(YYMMDD)  Time(HH/MM/SS) Surge(xx.xkA) Graph
0K A
D Model
s
180207030225297 [51-341261M0
180205213356299
180205213350299
180205213346299 Remaining Life
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n}. Thyristors—Triacs(LSU) PHM

(1) TSC Egfolo) Hap~914] 7|
I'5 224 LSU(SSR by TRIACs) ¢ @7

rir
ol
N

TSC #3294 7158 WENSES Ax

59
o
il
lo
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toh
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o,
o
o
fr
k)
o\
o
L,
fo
fr
=
rir
P

11
(FLASHERs)?] & 715 F71A A= gl&=c)

& §ARSFAR dolHE AP 571 2AE o) F deAder AL Paz A

i

A pAARd hE AN TSC £gol g Be BHES Aw Qe A0R Helgion, o
—L
H

‘_’—_
2 A% BEpATTl o277 Q- AR 7]kl A

F-EXT FLS
BMSIIF EE) AN S31D|:8HP
4HP BMS317]:4HP
| 160 mm N
5 @ A @ o r >
A
F-EXT® s @
®rp ©@ ® rp @
® v @ ® v @
® cov @
@ sTA ® ® sTA ®
DIN 41612, Type F, —»
g £ £ (27+8)Pin , Male
g £ £
& S 3
A
£ F-EXT FLASH
£ SLOT 1
" v SLOT 2 SLOT 3
A
£
E, I =AF S HIZ AL & ®
l = =] v
v y (%) v )

a9 101 AE7)(FLASHERS) 7|3 2@ dAds 12

e

179) SCU(Signal Control Unit) 7+%#]o]3 Shelf-unit o sj@3act. — NEMA TS-2:1992/2003 & MMUZ Z3ate] A4
@7, LE5AUATE 5 UE HAXRAY S A FAeR Foskal itk
180) =W7+4, wEATA 7] 1AM ¥ 180614 NPA-TSC-2010-R21, pp. 92-94; — A %5 292 74: AC A8 ~
2, 1A% Relayw T4 Mt=A e AL, F-EXT 299Xd 5 AHF7 20mA olAtol™ F-EXT A A0S A
£ Ad WY 1500V oA Al AdF 1 DC 500V oA 10MQeld, Al &8 AF : 38 I | :
3mA o]3t& A3tal 9k
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- 4wy $E2A FAE LSU tAe §%uch v 27 Agsle] ks

+ Current
Quadrant 1
-V MainTerminal 2 +
Symbol | Parameter
on state —
Iy VpRM Peak Repetitive Forward Off State Voltage
IRRM @t VRRM ’i _______ IprRM Peak Forward Blocking Current
< :\-,_, )/'.———r: > VRRM Peak Repetitive Reverse Off State \bltage
——‘———I—; off state I {V + \oltage IRRM Peak Reverse Blocking Current
a
H DR A% YDRM Vtm Maximum On State \oltage
Quadrant 3 Vit In Holding Current
MainTerminal 2 —

Voltage Current Characteristic of Triacs
(Bidirectional Device)

ITsm(A)

00
Symbol Parameter Value(MAX) Unit = =
| 00

Vi ITM=35A tp=380us Tj=25C 1.55 v . =! el
Y] Tj=25C 5 uA . —

VD=Vorm VR=Vrrm . . et LI | T
IrrRM Tj=125C 3 mA w 0 - ——

Number of cycles

0 Llrn
1 10 100 1000

Static Characteristics
Surge peak on-state current
versus number of cycles

19 102 Voltage Current Characteristic of Triacs (Bidirectional Device)

A AL E WA AT FANGOZID A HAFHL Bote] ¥, A5
54 52 AgeEs su Yo

181) BTA24-600B, SEMICONDUCTOR TECHNICAL DATA, FSA}
182) =rdl TSCY Aitaa A7 (Flashers) AHAA H-E @] 554 H2EE v HteE FEAEE
Atk
183) 7. The output current from the flasher through an 1800 watt load when the flasher is in the Off state shall not exceed
a maximum of 10 milliamperes peak at 135 volts RMS AC.
11. The flasher shall operate for a minimum of 10 million operations when switching an 1800 watt tungsten lamp
operating from a 135 volts RMS AC source or an open circuit load.
12. Each flasher output circuit shall be capable of withstanding a one second surge current of 40 amperes RMS (56.6
peak) at 60 hertz.
13. Each flasher output circuit shall be capable of withstanding a one cycle surge current of 175 amperes RMS (2475
peak) at 60 hertz.

ol

= Al A3
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() AssAol Fst2=92 SSRILSU, &9 Ft2=9%8) TRIACs -3

2

rr
—
o
[ @)

A8 7](Flahers)7F @3 Aol glS o HEolA 1800 ¢ Fstol o3 =9 AF
V.AC RMS ©llA o 10 mE 23 & 5 qichisd

A9 7] (Flahers)= 135 V RMS AC A9 F=+= 7% & FsloA 23k 1800 Watt
B "l W (tungsten lamp load)E =9 A & u] 4 1,000 93] ZF 3} 185

A 7] (Flahers)y 9 3]2% 60 Hzoll A 40 A RMS (56.6 A peak)e] A=A AFNA 1
23 A 5 qlo]of FHr}180

HAE 7] (Flahers) &3 32+ 60 Hzoll A4 175 A RMS (2475 A peak)2] A A AFel 1 5
| A4d 4 Sdojof 3187

-

N

4MEI|D @B 3MSI|T
| 8HP R [ 4HP
- - X 1 l 160 mm )
A A hl >
@ @ A&
tsu @ LsU @
® pr @ er O
© pc @ ovi ®
e p ©@ g ©@
o r & 4 % DIN 41612, Type F
o A ® O v2 2, ,
£ €
g o ¢ @ gllo@g @ S (27+8)Pin , Male
@ © o
= S =
® R @ LG
® GG © ® GG O
® sTAT ® ® STAT®
S[ESNR] AL & .
4 Q h 4 %)

a9 103 571+ FA(LSU by TRIACs) 7] 2 A 544

O TSC AssAlo] Fst=91x SSRILSU, &9 F3t2=9148) TRIACs #%F2 7] Aibed

A Ag FAO T AATEET 9r).189)

184) Solid State Load Switches®] OFF Arefjol A -3} 1200Watt 2 ¢!

185)

186)
187)

A8 A9 135 V.AC RMS }_d(le e
Worst Case2 AA3s 27 Ae)olA +2 A F(Leakage Current) Zto] Hul 10mAolste] & A %
= AS "
Shall be the reliability of definition minimum requirement for Solid State Flashers for output load switching in
Safety-related: concerning refer to NEMA TS-1:1983, pp. 68-70, ‘Section 82~86: Solid State Flashers’; NEMA
TS-2:1992, pp. 115-118, ‘Section 6, Auxiliary Devices(i.e. 6.3 ~ 6.4.3: Solid State Flashers); NEMA TS-2:2003, pp. 58,
214-217(p.2-18, pp. 64~ 6-7), ‘Section 6, Auxiliary Devices(i.e. 6.3:, and 6.4.3: Solid State Flashers)
KS C IEC 61643-11, IEC 61643-12: SPD(Surge Protective Device) £8 22 BE ## 74 W4S 3522 227} gk
KS C IEC 61643-11, IEC 61643-12: SPD(Surge Protective Device) 844 BE ¢ 74 W84S 123 297} 9
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Symbol Parameter

Peak Repetitive Forward Off State Voltage

Peak Forward Blocking Current

Peak Repetitive Reverse Off State Voltage

Peak Reverse Blocking Current

Maximum On State Voltage

+C urrent

Quadrant 1 ]

MainTerminal 2 + oRm
=~ Vim

|

on state o
1%

IRRm at VRRM ‘i - (7

«——\ — > [
_'_—_——; off state ]- +Voltage e

In Iprm at Vorm
VTM
Quadrant 3 v
™

MainTerminal 2- |

Holding Current

Characteristic

Number of power cycles

Normalied Rth(j—c)
tests(TRIANGLET; =155C)
between non-insulated TRIACs

Peak Repetitive Blocking Current Ty=25°C I 0.005
(Vo = Vo = Vaau: Gate Open) ORM” mA
T,=125°C [ 20
1.60
—4— Non-insulated package /
—&— Insulated package /
< 140
o /
E ]
NE /_/
0,
2.5 120 20%
(]
1 T T T T
0 2000 4000 6000 8000 10000

evolution during power cycling
Comparion

TSC LSU

188) 7d#7 2004Ver. 740l HETZ L] TAO|B® o] AN Z Hofop Fth

189) TSCE w5AlE5o] MG LEDS R wEAES oy diateielA
A el 2719 AR A&stal vk tht Hofe] wE Ik §
& FEE s FAES A Aesta gloh

1) httpsy//www.st.com/resource/en/datasheet/t1610.pdf ; 2 HFLeakage

- ARALE Tj = 5T ZHAolA 5uA Max.

- AALE Ty = 125C 2704 bnA Max. (Tj = 25C A] Bt} 2F 400

2) https://www.jameco.com/Jameco/Products/ProdDS/1384296.pdf ; 2%

- ARLE Tj = 25C 2714 54 Max.

A% Tj
FAAF

oL

L dolE & AAEkaL itk

HN
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125°C 21 A 5mA Max. (Tj = 25C Al Btk oF 4004

S Eo] o, ofo] At
E A = (Heat-sinking, ALA )3 &4l

Current 3t ¥4,

TRl T7Hsh
FLeakage Current 3t ¥4,

FARFRC FAD-RETTAE B

104 Normalied Ry evolution during power cycling tests(7RIANGLE T, = 155°C ) — TRIACs of
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(%) LSU(SSR) % 274 52190190

B3 29X 7F OFF AeolA, Fa 29204 1200 Watt F-3tell <3+ &2 A F(output
current)+ 135 V.AC RMSol A Ht) 10 mA o])sFo]oF 3k} 192)
7y B ~9x 8L 500V ool va ~d"=E @ X H<(peak stand-off voltage)S 7}

7 na 29Ae] FEe 29 239 H22 Algad 20CA SANES A9, 1 o2

7 294 szt gad 9

[k

B3 e 95 A 7S v M) K3 (9E 08 9]
A ZF kel il 60 HzollA 897135 V.AC RMS ®H9olA 10 A. RMSe H4A AA
a=

- L3 7; B ~91%+= 100 mA

o

(minimum rating)& 7}A oF

o
Of

se AR 29190 s sor Bk,

- olHE AR ek 29A7F dnbHor FHEE W thr] AH ET]dAM &2t

[k

Zh Fep 291 =& 120 V.AC RMS Aol w4 et 1200 Watt B2d

190) (TRIACs for Load switch) Output Electrical Characteristics

1. The output current from the load switch through a 1200 watt load when the load switch is in the OFF state shall
not exceed 10 milliamperes peak at 135 volts RMS AC.

2. Each load switch output shall have a peak stand-off voltage of 500 volts or greater.

3. Each load switch output shall have a dv/dt rating of at least 100 volts per microsecond when measured at 21°C
using the circuit in Figure 2-3.

4. Each switching circuit shall have a minimum rating of 10 amperes RMS for either a tungsten lamp load or power
factor corrected gas tubing transformer loads (power factor greater than 0.8) over a voltage range of 89 to 135
volts RMS AC at 60 hertz.

- Additionally, each load switch shall be capable of switching currents as low as 100 milliamperes.

- The load switch shall be rated for 10 amperes continuous load divided between the circuits in any proportion, and
additionally each circuit shall be capable of continuously conducting 10 amperes.

- These ratings shall be for operation in still air when the load switch is oriented as normally mounted.

5. Each load switch circuit shall be designed to switch a 1200 watt tungsten lamp load operating from a 120 volts
RMS AC source for a minimum of 10 million operations.

6. Each load switch circuit shall be capable of withstanding a one second surge current of 40 amperes RMS (56.6
peak) at 60 hertz.

7. Each load switch circuit shall be capable of withstanding a one cycle surge current of 175 amperes RMS (2475
peak) at 60 hertz while operating from a 120 volts RMS AC source.

191) NEMA TS-1:1983, pp. 43-44, ‘Section 5, 5.1.3:;, and 5.1.4: Solid State Load Switches’; NEMA TS-2:1992, pp. 113-115,

‘Section 6, Auxiliary Devices(i.e. 6.2.3;, and 6.2.4: Solid State Load Switches); NEMA TS-2:2003, pp. 58, 211-217(p.2-18,
pp. 6-1~ 6-3), ‘Section 6, Auxiliary Devices(.e. 6.2.3;, and 6.2.4: Solid State Load Switches);

192) Solid State Load Switches®] OFF Aejoll A F-a} 1200Watt 2 4= 135 V.AC RMS ZAGe %% OFF AgolA

Worst Case® 243 27 Ae))ollA 44 F(Leakage Current) #to] o 10mAolste] AR A7|4 EAS /A=
RE D3},

193) KS C IEC 61643-11, IEC 61643-12: SPD(Surge Protective Device) 844 B3 o4& 74 W&S A% D97} ot
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(tungsten lamp load) 32 &4 1,000 9H3le] 2Esles A E o] glojof dhr}194)
3t 29 % 32+ 60 Hzoll A 40 A RMS (peak 56.6 A)2] A A AFol 1 = &< A

=

= T ©°

g % glofof @}
=]

- ZF B3l 29A 2= 120 V.AC RMS Yoz ZAFsta A& uw, 60 HzollA 175 A
RMS (peak 2475 A)e] A=A AFol| 157](one cycle) A2 4 glojoF 3kr}.196)

2) AE 9 AuA g

et 2 qtAS F83ke] TSCO Egtold) 35 HESAY. L Aye a3 2k

O SSR(LSU, =3 F3}~9*%8) Thyristor TRIAC 3 (+4dFLeakage Current #k #4)
T4 AES 2Ed5d e FAARHY WeFe] Ates s & 5 Arh9 logic
level and standard 16 A Triacs (as like =fW] TSCW *#3t9] % TRIAC)

- AALE Tj = 256C 7oA 5uA Max.

- AAXE Tj = 125C Z7elA 2 nA Max. © (Tj = 25C A Bt} oF 4000 +4 %7 gkol

ol\

O Thyristor TRIAC Y39 447 (Leakage Current) 3t & (4 dFLeakage Current
W) A HES 2R mE FAAF{He] MEtEo] At AS & 3
(7d™:) TRIAC BTA16-6007800_ Littelfuse Thyristor_ BTA16_600BW3_D_Datasheet (as
like =} TSCW F-s}2=91% TRIAC)9)
- AARE Tj = 25C 27A 504 Max.

- AALE Tj = 1256 =zeolA 2 nA Max. (Tj = 256C Al Bt} oF 4008 A7 gke] &7}

o

O Thyristor TRIAC #3#9¢] 474 F(Leakage Current) #t #H(FAA

) A AEF exAsel mE AR WS At AL & 5 Yrhiw20

Leakage Current

I

o|¥

rl

194) Shall be the reliability of definition minimum requirement for Solid State Relays for output load switch: concerning
refer to NEMA TS-1:1983, pp. 43-44, ‘Section 5, 5.1.3:;, and 5.1.4: Solid State Load Switches’; NEMA TS-2:1992, pp.
113-115, ‘Section 6, Auxiliary Devices(ie. 6.2.3:, and 6.2.4: Solid State Load Switches); NEMA TS-2:2003, pp. 58,
211-217(p.2-18, pp. 6-1~ 6-3), ‘Section 6, Auxiliary Devices(i.e. 6.2.3:, and 6.2.4: Solid State Load Switches)

195) KS C IEC 61643-11, IEC 61643-12: SPD(Surge Protective Device) 8 22} B3 #H 4 &S A% dav) ok

196) KS C IEC 61643-11, IEC 61643-12: SPD(Surge Protective Device) &8 22 B3 #d 74 J&S #F=x3 1997} 9

197) https://www.st.com/resource/en/datasheet/t1610.pdf

198) https://www.st.com/resource/en/datasheet/t1610.pdf

199) https://www.jameco.com/Jameco/Products/ProdDS/1384296.pdf
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- ARALE Tj = 25C 2794 544 Max.
- ARALE Ty = 125T 27X 2 nA Max. (Tj = 25C A] Bt} oF 400v] A A Fgko] =7}
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AR o 24p4

of g a2y Ut dAHA @ 2dAE oF 30ud A TSC f 24 A

@ @9 FAEAAF 72 TRIAC FE54 dlolg HAA #AAsta 1+ Junction=% A 25

Zo e FAEHRF # budE oF SviTeME A3lste A G

A8 AuAFE Aol 7|zt AEAIA 7| HAA 7

(4) TRIACs A AW= 54
=W TCS 74 W&ol BAE 7142 v Zrh20)
- LSU 57 4932 9 38 Peak-Current : 120A@10ms

it
2
=il
i
A
o
ol
ol
2
)

- &2 @ Peak-Current : 20A@10msec
o] FiEol Age AA| Ao]7] AAFF FAAF 7| Ho| A Al EFQlelx] LYW Fo=
FaErh WEbA Ground AFAE HES

T A WEolME & g 3ol R AEWY & Zlestal A wolbd A7

B

gtale] A7|ekAA 7wk =H AEE I Qskt)

200) Thyristor TRIAC ##¢] #AE W& 3d9: Thyristor TRAIAC BTA16-600"800BWRG__BTA16, BTB16 and T16 Series
— 3] TSCU F38l2=93] TRIACs
201) TAoE AY IS 50V.ACE &7, AA] AdoMe JEd4S 215V ACTFELZ & dvistd Fatd
5ol 0T12009HE Wshd st A& 250V.AC 2712 a7k Hl2E Anjo] 14 A& g9 J3d& 71 ok
202) E%/\Eﬂ aﬂj
203) AZA, AEANTA 7] A4 3180614 NPA-TSC-2010-R21(Including Digital TSC), 2018.06.
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weD
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EEL] HFQRI TN SERUE
WIE S WEH? WETE D06 (HUE
=YTE
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wanz 180800070-A01
EAHE RN G736 08 SRNE0E, ARES AEEsE U HDN 2 B 0w il
R A R = al% THEFOR 55KH AN W NEMA TSI1903, T5-2:20052] Cutput Electrical
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B AHE S ED e  0MH SR
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ATETES] AlH B LA FIS 0 CIH

e EEE R (=2
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%) 105 39141914 44 LSUSSR) TRIACs A2 87 A71eba 4 54 2923

(5) Se17|8 HAE #=
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: TRIACs MAIHSLUZI0l HCixl Rsts N2 Holdt (MR MHNHM #I) — o

TCS A&t AdEFAz DA AANY S AZel7F lojA o]
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o2 a7 flstelt U e Age] Badn, B A7 WS YAt Qow
gahgch ik B A9 29 TSC o FAARI WA FALGA0 R Feks o

Thyristor Triac 52] 352052062 &7 A
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B
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oX,
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o
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=l
k)
BN
)
©
)
>
rN
Ju
=
Hiv
lm
oX,

()
S
NS

BN 20 o] APA LYo R0 AT Bas} gl Aow

vt TCS PHMO| & gh<t

Aoj71e] e x] 9@ HHdA #EE AT EHRA] FARSFIE vl Fasth

= A% FA RS (Breakdown Maintenance) % AFH fX X4 (Preventive
Maintenance) 2 Ws & Utk AFF FARSE wEAsA 79 €3} 4HE Monitoring s}
o A&stA ghetet= Aol wig- Fastth olE fsiA B AFelA EE T o7k UEE
(Top~Down Monitoring, Bottom-Up Monitoring)= 7153ttt Top~-Down Monitoring< 2]
gFeolAd 7les Edste] wEAlEAo7Ie dwAQl AEdEHE Monitoringstel €E3E &
@alH | Bottom-Up Monitoring< 1Al & A0} 7] 9] FQ F%9] AElE Monitoringste] &3}
R FFFE AEEST AP FARTE e oS dS5ste] o o] AXIET
Aol FAHG st Aol Tosith o d5S A & AFolAe F 7HA 7IH s
ettt shutesE AlEH o)A 7HS £9ste] AR AFEEE A4 (Simulation based Mission
Reliability Evaluation) 224 AFH {fXH o] &83l= Aot} 1gla v sty AFE 3
Ao & o] =S o gy 7|HO R o Z(Deep Learning based RUL Estimation)ste] A}
A FA R F8= Bolth. T4 PHM FE5Wako] tjsh 23S ofgio}l 2t

]

204) Aging Test Results for High Temperature TRIACs During Power Cycling, pp. 1-2, Sebatien JACQUES(Tours
University, France)®] 3%1-Nathalie BATUT, Rene LEROY, and Laurent GONTHIER(.e. STMicroeletronics, Tours,
France)— “The failure criterion, which decides a TRIACs reached its end-of-life, is a junction-to-case thermal
resistance increase of 20% with respect to the initial value.”

205) Component TRIAC BTA16-6007800_Snubberless™, logic level and standard 16A Triacs (as like =W TSCW H-3}2=~$1]
TRIAC)

206) Component TRIAC(Flashers) BTA24(25)-600-TRIACs (STA} for Solid State Flashers

207) TRIAC(SSR-LSUs & FLASHERs), Section 6.3.3 General Electrical Characteristics(Output Electrical Characteristics), i.e.
Solid State Relay-LSUs & Flashers by NEMA TS-1:1983,TS-2:2003

208) Aging Test Results for High Temperature TRIACs During Power Cycling

209) EN 50129:2003 Thyristors pp. 69-70, to requirement SIL Level; ‘CENELEC HD 638 S1:2001) Road Traffic Signal
Systems, 72 W&o ‘EN 50129:2003 (Railway applications — Safety related electronic systems for signaling)S
Normative Reference 72 2.2 AAISFL &

210) NEMA TS-1:1983TS-2:2003, Section 6.3.3 General Electrical Characteristics(Output Electrical Characteristics), i.e. Solid
State Relay-LSUs(Load switch relays) & Flashers by ; TRIAC(SSR for Load switch relays & FLASHERS)
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t}. Knowledge Matrix 7]4¥F TSC #g]
FRACAS+ TCS9 A & #A47} AlgddAolA HAst= BE 13S detste #g st

E Aotk AFAX =% wuAsh DB % wao] MAlR B4R FE gHoR @
Aoty ael @ FARFIGAA A F HEFU mES FUE ¥ 5 ol
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ol WA gre FehE olE DB & o] welstelor & Aast vk vlgo] FF o
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9.

e

B TCS 8% A4 37 3AMW 2 S/W) 715 7

7 XHE TCS @4 A4 A7F A9 7l 2 A
¥HE TCS a3 A#5A HrEA9 7e 2 27AF AAy T2 EER] AZS 935
2 A PAES HAAsL 7129 EAGLEANY] NEMA TS-2 Testerd] 7]%5<S A9l

(1) EagleAle] NEMA TS-2 Tester for TS-2 controllers
OO R AR Yi AFEAet AZESRE FE A A=l HelshA A&t
5 d% XHE "H2H(, "5 NEMA 74 A8)nH, sjzvich 1084 TCSY AEE 9

HAAE B3 S/W=Z HolHE AEses 7S 73 Jdo, HAAEg AEEHE 93 =
2o J8HS LY, AEEHY ALHEHY FF deAgEs AAT F JE VTS
7FA 3L 9l

- Eagle Traffic Control Systems: T5-2 Tester - Active Comm Poit = COM
File Windows Comm Port Help
i Fing2
1 2 3 4 5 6 7 8 9 10 M 12 13 14 15 16 H513§“;g
w 0000000000000 00 o ¢ o
w Q0000000000000 00
wr 0000000000000 80 e : @
[ o [ov [ [ov [o [ [o [ oo [ o Tov [0 o o 1 omar -
D i
“ 000000QQ1Fr T~ o or
nm@@@@@@@@arrrrrrrr‘r ol
bt Q@O O@QOO@ v -~ ricrrr Recycle
AT IR I I [T e |
(T U TR R I T
r o Mx
NEMA TS-2 TESTER el w0 W R R e R W e .
EAGLE TRAFFIC CONTROL SYSTEMS e el o e A (O O G G |
| pespe CINCIN BT B RCR S B LR RS R (B sl
e
BT LR Timing Flan Olffeets/80 (o124 Preempls/Prionty (gray) Ao Free ~Test— Al
Tuil Fall TulD el MMU ERR ACT FWH RESET PFWR 0D C B A i 2 3 il 3 AL sl Flash Input Seq Dimming Ensble [~
L AL L @ @on Ce0® 000 000000 © O " *T rewowe ©
EEEE|EE e R
® 2=
Systamsnma!Func IE:Auxuuxm Calto Mam | Flash o T Bl
Non Act Addiess Bis Man, Cont. Enable ™
- O@Q@ .@Q IC ) Jleed T 47503 1 8 Interve Acvnce T
NEMA TS-2 Tester +-| | om| e A o
06-23-99 15:05:39.0
NEMA TS-2 Tester S/W %

238 110 £HE TSC A" 28 %% NEMA TS-2 Tester for TS-2 controllers

O S/FIE= FA #F 7& A E 24
v X A e LF(error) ZE FE LEAQ Y9l WHAo] QlEE F1y] 3k 9 F %
%] 7] 5 (Malfunction Protection)S S EE7|5 HAAE F7iste] st o, ol& 9

§ RZESE FAYOE 0¥l 1 ARYNHY BFL FAROE AFea vk
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H B2x AT Vet g2 Feld EedA 2 EMC @2 b )k
A4S BAE F UeS 7l &7 AHF e R Aoste] AAskaL At

O o7z FA#E 7leZ2A S #18 v= TCS %+ 742 NEMA TS-29F FH3ET 7
7 ¢l TR2500AS A th. TR2500A0 A ol 8] =3+ =7 major, minor, special 37}4]
2 +R/EY. Z= AAlL, ABI, AD1, DA1 FAIS Major dl¥ZE=2 +/F%H, YA =

T+ minor® EFHFET FUIE FH A4 HEZQ BEAA A8 5+= Special code’t

22
n

O NEMA TS-2
NEMA TS-2 oA+ 2FE malfunctiono]lgt AYsta a9 7AA9 s 98 oz3%
#a] &= (Malfunction Management Unit)2] & & H

B3 3= zolth MMU7ZF o] 4L #X3ld A5E HAuz E23
L8k MMUS 7154 742 &3 22 2 5°] itk

- Ao AE mUE 2Ee A= dAdAe] A F7E ZUHY 3 5 glojop drh

- AC Sjgetdlo] AAAQ Asddel A=7tE &1E F glojoF
Ed MMUE AHgAe] &% doly ol =4 a7k AT A, MMUOA ©F 7
Aata HES o] g FHHom AAGAAA FEMS ATact @A uetel s AEA

of71e] agelnt ole] WA F744 FEwS WS £ glE AV glov, oo w3t o

O TR2500A
FHLE A EZFTZAQ TR2500AE o] &3] Arg] o]Ate] tst m=E Ao o TR2500A
g elemes 0e mo) Wes 2o
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3% 93 TR2500AH Fault code - BS EN 12675

Fault Class
Green - - Green conflict AAl
Green - Yellow conflict AB1
Yellow - Yellow conflict ACO
Green - Red/Yellow conflict AD1
Green - - Green/Yellow conflict AEQ
Absence of any conflicting Red signal AFO0
Absence for conflicting Red on specified signal heads AGO
Absence of the last conflicting red signal AHO
Absent Red/ absent Red AJO
National signal regulations (infringement) BAO
Absence of a Red signal on a specified signal group CAl
Absence of the last Red signal CB1
Absence of a number of Red signals CC1
Absence of specified Red signals CDO
Absent signal groups, Yellow or Green signals CEO
Compliance checking DAl
Stored values of timings FA1
Time base frequency FBO
Minimum values of time settings FCO
Maximum settings of time settings FDO
Duration of timing FEO
National signal sequences (infringement) GAO
Specified signal group Green to signal group Green GBO
movements
Specified signal start up sequence signal group GO
moveme
Faults of external inputs HA1
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TR 2500A2 AlsA7]7F A 169 BT 7S 714
He AsAo]7] W Errortd AE] o]Ato] WAl Al 215 7] W W R eventddF oz =z

etk 1 Rk gEuels Az Ao 7] A o] i

A, ol

oluel we) AANA F5 23X AR AEAIE A% oj2lgo] w2 vk whea

givpel B3 Abgska gl o
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event WA Al =7t A9l mUHHH Fwo] e ns

@ = Ul NPA %<& A9 Wzt
U NPA #7749 Wt g3 2o
@ HWEHEo) 2adA] Ae 43t

L FLASH | :

A A=

o
F=E B AAFol FAFH R AAST AQVF Qo

%o} ).

l CONF CONF EAVEES TN
[Ex] A
g = 2= X 3 = L
5 2 SOFF 415 =&
2 | (SU .8 12v-0 =t
% ERE R STAT LED
(S, &29)
[&#= eo ==]| Do..08 OFF 1
CPUE=H | . POD N| : == c0L =
I—Ellﬁ?—’c‘"-—l == =c+ = 500msec2t | l
POD &l=8 RIAIES l

x‘“:""GHJHIE"'aq IZHDI

Tk - e

ui I‘H

2 &=ol A HI(CRESET) CH2I

a2 111 HWGEH=g o)) ez = 28 dxt
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= SW(AZE9 ) REHAA] Ay dat

214)
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-12v Ao A X DTt AH
-IHEI 2 =2 R Sl 88 g
{Red: 1000, G, 450msecs Al& 0} 2222 D14 0= LEDAS
1000msec
FLASH { —
42242  [Somsecs
_ _'4 it 12V -0 Afct
: 2 =c
350msecsz LSU %.—'5'— STAT LED =S
z2 D AS 00.07 OFF _}
: =24 AS
CPUEE POD 1 EELG
== &350 = 500msect |
POD o8 AHHIED
! ¥
AC Y =3 HEGiAESE U2
a9 112 SW(AZE9S]) 2R e daf
e AR Al A A7 A=z}l
[FWH+E New Z dHolx o] AZH A 20180430. ¥F 7§ Public Release g Aol 7%k
NPA-TSC-STANDARD-2018-04-30(2010R16), A 2.2.2.25%}, pp. 77-78



G SCPU LSU

2a=oHAE S

CRESET CRESET
12¥—-0 ON
= K H =
S = @ 2 A

2% 113 2AA A a4 Az A}

& =7 A (Conflict Monitoring) Z7]3} A=}

__scPu LSU FLASH

ey SRESET T
LSU =215t SRESET .
CRESET T
D AN S CRESET
| SCU-RUN
SCU 2= ¢ ik
. FLASH (OFF) A~
=J|st
; A~ POD (OFF) SCU S = Al
=15t
JRP——— CRESETOI el FLASH ==
222 K| AEH CHO | AFEN

19 114 2<=7 A (Conflict Monitoring) %7]3} &=}

(3) =7k TCS ot -4 ¥l
- =74 TCS <SHd+4+4d vl Y& o} 2Y. fFH€rES BS7987 (HD 638)-BS
EN12675:2001, "]=7FZA12 NEMA Std. TS1-1983, "]=7+Z2= NEMA Std TS2-1992,

c
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n) A3 - CALTRANS 170/170E, U E77

gahqch

¥ 94 =7 okz 7]

Ht 324 Error Code ¥ 1L

Fault Detection Status Class ) ol=
73 | st= 2=
1 2
Green - Green conflict AAl O O 0] O O
Green - Yellow conflict ABI1 O
Yellow - Yellow conflict ACO O
G - Red/Yell
reen - Red/Yellow ADI1 0 0 o | o 0
conflict
G _
reefl Green/Yellow ATO o
conflict
A f
bsence of any AFO 0 0 o | o 0
conflicting Red signal
Absence for conflicting
Red on specified signal AGO O O O O O
heads
Ab f the last
serice of the as AHO 0 0 o | o 0
conflicting red signal
Absent Red/ absent Red AJO 0] 0] 0] O O
National signal
alone.l 51g§a . BAO 0
regulations (infringement)
Absence of a Red signal
on a specified signal CAl O O O O O
group
Ab f the last Red
: sence of the last Re CBI 0 o 0 o 0
signal
Ab f b f
sen.ce of a number o ccl 0 0 0 o 0
Red signals
Ab f ified Red
: sence of specified Re CDO 0 0 0 0 0
signals
Absent signal
sent signa grou.ps, CEO o
Yellow or Green signals
Compliance checking DA1 0]
Stored values of timings FAl 0] O O O O
Time base frequency FBO O O O O O
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Mini 1 Pt
1n.1mum values of time FCO 0 0 0 0 0 0
settings

Maxi tti f
' aX1murr'1 settings o FDO 0 0 0 0 0 0
time settings
Duration of timing FEO O

National signal sequences

. GAO O
(infringement)

Specified signal group

Green to signal group GBO0 O
Green movements

Specified signal start up

sequence signal group GCO O
moveme

Faults of external inputs HA1 O

. IoT7|¥ke] TCS X HE A=A H7MA
B Ao = NEMA TS2 Terter for TS-2 ControllerE %+

K
_0|L
L
52
i)
il
=
O
wn
[ﬁ
o

H4 WAFAE AN of FAE T 71%S ol§d /249 TCS ZREF 283

EUHE st 7lee F7F stk v 19 115 XEE AEA B7PEA e Ala"

o], IoT SAIZA A FAolxet 2 742 I8 1163 2t

a2
A R B g e s
AN M 2 T
B4y

a9 115 aEA A 0] 7]
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233

! B o= oy

15U '\ + WIME Man- Miachine nterfzce
WS i i ' ! * MCU - Main Control Unit
B . ‘ * 5CU: Signal Centrel Unit
' * LEU : Load Switch Unit

! - l I *GPE ; Glabal Positioning System

* PRC : Preemption & Priority Contraller
+ 10T : Internet of Things

B e e e e

a9 116 IoT TCS A28 4%
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S e “N2E
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FUHY HE A T2EF

ARl BrpgA el BA ZREFEE A AR ols RHIRES,

= dolgH|olx TR EFHo|t}, 4 TEEFL wxE AoAHK wxE A3AMX - Detector
Info, @A/ X Up/Down load 574 & ¢ AM&3 2 4 uf. ZUHY & FA40 Z2EF
E=20 g ¥ ey P
# 95 IoT 7]4F TCS EHE AN H7tAdx 22558 B2
7 Power FAIL ‘€l 0: A%, 1:Power FAIL
6 MCUS} SCUZF 541 4bg) 0: A4, 1: FAIL
5 zZ33 Ao 0: A 1: 23 Aoz
4 RING &9 4 0 : SINGLE-RING, 1 : DUAL-RING
1 3 PPC Ao} A E) 0: A4 1: PPC Enabled
5 0:SCULAF7| =
1: 7+838% &+ OFFLINE Aloj 2=
WFANE7] 9 B= 2 1 7F2 5 =0FFLINEA| o] 2 =
4 SEHE 282 Aojr=
0 5: et g ee) Aojme
7-5 RING A¢] PHASE 0~ 7
2
4-0 RING A¢] STEP 0 ~ 31
; 7-5 RING B¢ PHASE 0~ 7
4-0 RING B¢] STEP 0 ~ 31
POLICE PANEL 574 3
7 1: 0N, 0: OFF
S/WAHH
POLICE PANEL %
6 1: 0N, 0: OFF
S/W 2|
POLICE PANEL ¥4
5 1:0N, 0: OFF
S/W 4|
POLICE PANEL A%
4 4 1:ON, 0: OFF
S/W 2|
3 wg e 1w 00 4%
2 2% A 1: 2%, 0: A%
1 A Ay 1: 484, 0: A%
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DATABASE )

O, O O
7 e 1 ggae), 00 mEy we Aty
ENABLE/DISABLE
0: &Fglegd
1 : Power ON FLASH(Z7]3}% 2 #Hd)
2 : NORMALFLASH( & o] o] 3% 4)
3: PP. S/W FLASH(F% #4)
6-4 | A 37 ¥
4 1 CONFLICTFLASH(®E <=44)
5 : DB ERROR FLASH(DB o2 Ad)
6 25 (RYJ/B[MANEE,
5 70 FH o1 (EE ) 1A, BUSH Y 5)
3 A ZHA] 23] d o 7 1: 585, 0 53 43t
MANUAL
2 1 : ENABLE, 0 : DISABLE
ENABLE/DISABLE 4 Hj
CONFLICT
1 1 : ENABLE, 0 : DISABLE
ENABLE/DISABLE*} Hj
0 DOOR OPEN #}Ej 1 : OPEN, 0 : CLOSED
6 7-4 2w LSU WS 0~ 15
0:LSU H/W Xz
3 B2 AA +A
1: SCU S/W =<
44 0:PR, 1:PG, 2R, 3Y, 4:A, 5:G
2-0 el 3 E2Ws 34 OR1, 1:Y1, 2:Gl, 3R2, 4Y2, 5:G2,
6:BUS ERROR
7 - w3z 5 &9 AHnE
FAMEga@Ag gy | SBTHRE A ST e A S e
8 . 1=34, 2 9}%, 2%
B3 25 a4 A =2 ZF gls, B
! g HE
LSB-bit 6 : OPT ID 1-79 RUN 2} Hj
10 SARE A 0 A2 e Ax ety
1: RUN 78] o] (21324 3x)
11 - 7] COUNTER kS
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12 - A F7] 4ol B
13 - d F7] e
14 - A5k AA AF FAG(FEA AIE % CYCLE)
. . PHASE HOLD W& = PPCell ¢l 144
15 - A dA W )
A S (1-8)
. PHASE OMIT M#HS &S dAAWHE =
16 - A dA HE ) }
S Ao o3 Al AAHMS(1-8)
7 571%7(0=3453}7],1=42 53} 7])
6-4 AN &GS ANHS(0: D HEA 1-5:A] 2 A 6: 7 8- 1) 70 o oF)
17 Ty Aol 4 AR ((F) %4 JAE ANEE F A
Bit 3 : 3&HFEHO0=% w\m, 1=A11%)
3 -0 |Bit 2 : AIHHO=-MGHFA,1=MG-FA)
Bitl : A Z7|EA01=24)
Bit 0 : FdAZRV|FHAA=EA)
18-19 - F/W Module ID F/W Module ID (F/W Upgrade A|A] &%)
2091 F/W Module Datagram F/W Datagram Index of 240Bytes
INDEX 42 A0xFFFF(MCU),0xFFFE(SCU)
22 - DB Error Code D/B Error Code ZHZ(th&#H o]x])
MS LS
7 6 5 4 3 2
B B
PPCA} ] (preemption &
23 - b —
riority Cntl) In w
=H( | A- B-
Ser A- | A-j B- | B-]
1) | Hol Hol
vice Off | mp Off | mp
BU d d
(1)
S
24-25 - of eF( o] AHEFA])
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O. IoT7|%re] ¥EE TCS A1FA H7IEA oy dA%
the-o IoT7|¥he] XEE TCS AFHA H7HEx volE diol #aw weto|t),

FAR0x12)A] 43 AHBRE RCEHSZ UP-LOAD(0x13)3t.

H
- @AY o] ol oA W wEAl Y G FRAGNA vhH AN 2 29
o=

A dA DAY A (FA B AFo] 0 B9 wate AFAR AF 5 dASeM d

9 A B (OPCODE=0x33)¢} A #7] AR (OPCODE=0x23) ¢¥7F¢] A ZA(100ms)S FiL

- AEE FAEH 2ES flske] dA 2 A5 WA AHE doly dEg

- Firmware(F/W) Upgrade 7]%5< A< st

O IoT 7|¥te]l XH & TCS A=A B7HEA CPU 2 E5 AR

- XHE TCS A=A H7HgA9 CPU % 2§l A 39 W& 2

¥ 96 10T Device CPU ¥ =gl A}k

CPU 2d
Microcontroller ATmega328
Board Power A& Ik ¢ 2.4GHz ISM Band
5V
__Supply A= SMHZ
Circuit Operating
3.3V
Voltage FAAE S 10744
Digital I/O Pins 14
PWM Pi 6
UARI?EHS 1 AESET < 1 Mbps (Rate 4)
SPI 1 .
2C 1 W2 /8 k2] BCDMA + QPSK
Analog Input Pins 6
Externgal Irlljtermpts 2 18 gE sk daels | 128Bit-AES
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DC Current per
I/O Pin

40 mA

CSMA/CA +TDMA

+4dBi ©]5 ANT 7]

A8 28k
32KB of which 2 KB % 200m ©] 4
Flash Memory
used by bootloader * QoS A 9l 0
SRAM 2 KB = . .
EEPROM T KB * AAEGH 1(Master):4(Slave)
8 MHz (3.3V
Clock Speed ) NI 2Wol F
versions)
O IoT7IHF XHE FAIRE A
O IoT7|¥F XH & BAIEE FAES QAHHel 2~ A sl2xs ad3 2

CLK_26MHz

24G Ant

Sys_CLK 44MHz
Modem_CLK_d44MHz

RF transceiver
AL2230S

ADC/DAC

AGC

Flash {4M bit)

SRAM (4M bit) |

Guardian

UART / Debug

GPIO

JTAG

Reset

‘3.3V Power

DATAL6

a9 118 IoT EAIEE ¢l

LED(Link/Speed)

Tx/Rx ’7

34 Pin
Connector

USBtoRS232 |-

Bl #o] 2 A
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7}r] 91 Transceiver

BPF

AIROHA
AL22305 [*°

1
-
-

GWPAN 1200

SRAM(4M)

Flash(am)

12C

UART

SPI

USB

PWM

USB

SMICE R

e

ad

AT

k4

PCz HuUAl =i o|A=

Ko
=

% 121 PCe} IoT
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Boxg e wEAGTA o7 TAlste] W HolHE dolE o] e AFstE TR
I dlolE o] 2o AYE wFASA 7] nAR AAAHRE FI A w2 g 9@ w
EAGA 7 nAE BAst= 2209 HolEHE AAstE Holg o)Ay FAHEL, T2
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REAN G A 7] Data
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Connecter Monitor

Data A% Data ¥4

a9 123 WEAEA 7] d3) A 2 a9 S
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O TCS Connecter

TCS Connectert [oTHE92] E418 3] wEANITA7|Z2HE wAZAFARE A
WAL, A HlolHE EA st dA IAEIL e dAHES AEES A7k DBl A
Aohe A9 st Z2aolt), o= TCS Connecter 2130, 2w Local P9}
PortE Sdl nEAalsAo]7]o] HAXHo] = 0T UDP FAlo] JdAFEE % 7

Please Waiting...

Date : 20 8 4 2
Date :
Date :
Date
| |Date : 2018
Date :
| |Date :
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Date :
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Date : 2018
Date :
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[=1=1~1
]
@

=~
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=il
? :ﬁ
Soeo
55
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FRES
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ol dac

Port 9000
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255
BETEE]
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2l

LTI T A TIEN
LSl Ll a5 4

| Bind Start
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okl

PaawNNNNN
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PNENROI@N=QNNOMm
NN NSO NONNN

| Bind Stop ‘

o

19 124 TCS Connecter
Ego] we, wENEA 7
otk Aol AR R
dolHE9 HAFTAIZHS HolFH,

. SAIAIREel tigE JRVE destew

2}, TCS Monitor
TCS Monitors= Hlo]EjH|o] 2o A A EojglE HoH=
Lz 3H-e ofg el .

o

-

[oTHE=% TCS Connecter©l
HuUiA dg. 2" UDP &4l
o] Foy A =
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AEsA FAlol A

—

Phaso | cem—
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AZHEE

LSUI LSUZ LSU3 LSU4 LSUS LSUB LSU7 LSUB

H SR E[A] B[ A 2] A E[ A E] A Z[H [ F0H]EP]

7

HE[R]E[ A SR E] A E]=H 2 [HH[EOP]
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7h =i A A

1) A Reliability Model for a Wafer FAB
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2) NHPP Model based Reliability Growth Management of a Hybrid DC-DC Converter
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year_cost (t, h, s, Tm)

Cm, Cr, Cogtal &
// t: Temperature
// h: Humidity

Calculate_10



// s: Salinity
// Tm:Maintenanceperiod
// Cm:Maintenancecost
// Cr:Repaircost
// Co:Outagecost
{
L = Lifespan_by_DL_Model (th,s);
Lm=RandomnumberNormal(L,1);
Tnow = 0;
TotalCost = 0 ;
While (Tnow < 10.0) {
If (Tm<=Lm){
TotalCost += Cm;
Tnow = Tm;
} Else {
TotalCost += Cr+Co;
Tnow = Lm;
}
}
Return TotalCost ;
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219) TCSs: Traffic Signal Control System, or Traffic Signal Controllers

220) PHM: Prognostics & Health Management)

221) RAMS: Reliability, Availability, Maintainability and Safety
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g Aojr}.

223) — e.g. EN12675:2000, HD638 S1:2001, BS7987:2001(These are functional safety requirements for TSCs) ; Reference
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227) Analysis and evaulation of the acquisition data for Big-data

228) IEC 60334-4:2016-08, Edition 5.0 Part 4: Sectional specification — Fixed aluminium electrolyte capacitors with
solid(MnO») and non-solid electrolyte (reference to IEC 60384-1:2016-02, Edition 5.0)

229) “Electrolytic Capacitor Age Estimation Using PRBS-based Techniques®, David A. Hewitt®] 4¢1, PCIM Europe, May
2016, Nuremberg, Germany
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S TS AES 28 A SN AL AT Bk Fe] Aokl wE A4 89 FANt

59kl SETe] olZw X3 WELEDAITSS dato] oF 20%k%(Head
F TETCS7t & F-39] dubol sigent. (Fa J&2 A=t TSC7h

- 299 -



The acquisition data
by PClor Note PQ)

o
~ Communication

]
Functional
deviee ' |

]

Lsu
of -
hyristors TRICSs
for su‘id state
relays

LOOP ‘*!

PPC

# Legend:

+ MMI: Man-Machine Interface
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« PPC : Breemption & Priority Controller
« 19T : Internet of Things

<9 a.> Integration solution of IoT device for real-time monitoring of TSC;
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<19 b.> IoT solution of Communication Interface Device for TSCs
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AZMEE HHIIE 98 Combinatorial methods
Mo YC. (2009) Variable ordering to improve BDD analysis of phased-mission systems with

multimode failures. IEEE Transactions on Reliability; 58:53—7.

Tang ZH, Dugan JB. (2006) BDD-based reliability analysis of phased-mission systems with

multimode failures. Reliability Engineering and System Safety; 55: 350-60.

AR ME|IE HIIE 98 Modular methods
Lu JM, Wu XY. (2014) Reliability evaluation of generalized phased-mission systems with
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DEVS formalism
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TSC M= H0f siA] SHEF ME|Y &FM 9|8t [EC TR 62380:2004

LSU(Load Switch Unit) of TSC (Triac of SSR, Solid State Relay) Cause-case of Failures
TRIAC of Reliability Prediction of Electronics Components

Reliability data handbook - Universal model for reliability prediction of electronics

components, PCBs and equipment(Triac IEC 60747-xx) in the IEC TR 62380:2004

TSC otH™ - AME|M J|HE EEME 98 IEC 62278 INTERNATIONAL STANDARD
Railway applications — Specification and demonstration of reliability, availability,

maintainability and safety (RAMS); (to refer EN 50126)

TSC o™ - ME|M 7|8 7|&52HM (Functional Safety) &F 48 $2ISHEC 61508 to concern

the Functional safety of safety-related systems ., Including EN 50129:2003 (Railway

applications — Communication, signalling and processing systems — Safety related
electronic systems for signalling)

;, IEC 61508-1: Premiere édition First edition 1995-12, Functional safety of
electrical/electronic/ programmable electronic safety-related systems —/Part 1° General
requirements

; IEC 61508-2: Premiére édition First edition Z2000-05' Functional safety of
electrical/electronic/ programmable electronic safety-related systems —  Part 2:
Requirements or electrical/electronic/ programmable electronic safety-related systems

, IEC 61505-3' Premiére édition First edition 1995-12; Functional saety of

electrical/electronic/ programmable electronic safety-related systems — Part 3. Software

requirements;, Including EN 501258:2001(Railway applications — Communications,
signalling and processing systems — Sofiware fHOr railway control and protection
systems)

, IEC 61505-4: Premiére édition First edition 1995-1, Functional safety of
electrical/electronic/ programmable electronic safety-related systems -5 Part 4:
Definitions and abbreviations

;, IEC 61508-5: Premiére édition First edition 1995-1; Functional safety of

electrical/electronic/ programmable electronic safety-related systems - Part b
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Examples of methods for the determination of satety integrity levels

;, IEC 615058-6: Premiére édition First edition 2000-04;
electrical/electronic/ programmable electronic safety-related
Guidelines on the application of IEC 615058-2 and IEC 61505-3

; IEC 61508-7: Premiere édition First edition 2000-053;
electrical/electronic/ programmable electronic satety-related

Overview of techniques and measures

Functional safety

systems -, Part

Functional safety

systems -, Part

of

of

TSC oF™ - ME2|M 7|8k M3 Capacitor £E 7|58 (Functional Safety) &8ME 9|8t [EC

60384-4 Fixed aluminium electrolytic capacitors with solid (MnO2) and non-solid electrolyte

; (IEC 60384-4:) Fixed capacitors for use in electronic equipment — Part 4: Sectional

specification — Fixed aluminium electrolytic capacitors with solid (MnOZ2) and non-solid

electrolyte

; (IEC 60384-1, included:) Fixed capacitors for use in electronic equipment — Part 1:

Greneric specification
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