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Low Voltage Switchgear Work Instruction and Test Procedure

at Mantra Switchgear Co., Ltd.
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Project Title Quality Control and Testing of Low Voltage Electrical
Cabinets at Mantra Switchgear Co., Ltd.

Credits 5 Units
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Degree Bachelor of Engineering
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Abstract

This cooperative education project presented quality control and testing of
low-voltage electrical cabinets at Mantra Switchgear Co., Ltd. a study of low-voltage
electrical cabinets and medium-sized electrical cabinets. During the training, the
student studied the inspection of electrical cabinets of various sizes and studied the
equipment used in electrical cabinets for low to high voltage electrical systems with
medium voltage up to 36 kV. The process of began with inspect isn’t of the electrical
cabinet and the details of the equipment used in the electrical inspection, such as
electrical equipment used within the electrical cabinet, details on the types of
electrical cabinets production, production standards, and the operating procedures
were described in this paper. This cooperative education project can be used to
achieve benefit to study on quality control and testing of low-voltage electrical

cabinets.

Keywords: low voltage cabinet testing, electrical inspection equipment, Mantra

Switchgear
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2.1 szuulnivasussneg
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Iyl auFeu uazuasading Aewdssn (energy) TugUnuusnegiu eidinvisvany
Fosmsndsnuiiau wasnu ansatnifiu wazsanddesesnin tieliusdlevisnag iy lu
Tsslwiih \Wouwdsfuel) aegnunilngd ileudesndsnueenin uasthluwdn Hunszualvd
wdsuannsardsuiinnfivilaluddaiindsld desndaaindlvinszualniinesd wi
viaeavliAnkasETne Tufe ndsuaansawUsanmluluanudou wasuasaingld
T luussalvedulninnssuaadu Aud 50 Hz Siszuu 1 wla useiu 220 Thad Fald
lutuegode wazszuu 3 a uswiu 380 Taad Tolulssnuanavngsy wazussiuvun
11,22, 33, 69, 115, 230 waz 500 Alaliad dnsunisdsarelniinnelulsewmaiinnud

% [

50 Hz fi Tu 1 3wl Pauslmdnuiionasdauivanls 92nUATUTOURANILYAAIAGILIUL

$% (%
[ 1Y

amnasAsu 50 A5 lunsdiilswesiivaudivin 2 99 anusiseureslsinesagnyy 3,000

1 = Y 1 <3 g < A ! = a a
FUMDUIN HAINVILLULAN 4 VI ANULIITOUITANALKED 1,500 FaURADUIN Tagdaun
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2.2 msasremasinirlulszmdlneg

drusulsewmelngluvneid nrsndanaynisdssteidaiiady dudunulag
mhsnudaduisiamie 3 wit Saudazmhonuiiiviiisuiasevuandraiuly iie

nmslinihendnuielssnalng (naw.)

Electricity Generating Authority of Thailand (EGAT.)

msliiuasraie (nuu.)

Metropolitan Electricity Authority (MEA.)

nshiihdiuginig (va.)

Provincial Electricity Authority (PEA.)
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Jmutedsuinisuservuneluniestsasdelilsnugnainnssy visderaludannil
nifhussgeuisduiifiansdsiwiiidonlosiu lulssmalvefiaonilnihusagadanszanny
unaauYY Wazgnamnssuvialy Saeddliiindeulesseninsaandlniiusagesneg vihls
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2.3 InqUszaeAvasy MDB
2.3.1 wananemaalniln (Power Distribution) wﬁﬂ‘ﬁuiﬂmaﬂﬁ MDB fian1ssulnann

I s

sl danlusinsleenuaindounlngnieursn ez snd ondain adndiies
(Switchgear) Gaunfiundrassdulniiusssusiiifivuiaussiulnda 400-416VAC, 50Hz 3 wia
4 ane uaziuauusnsandnedtmilsserinerniswdied uadlssnuanamnssuiiagld
T 3 wlawnunsldlng 1 wia wselaliih 230/280VAC 50Hz sisilwosAnusnnDIn3e
#MTu8n1993 (Switch Disconnector) iugunsaifildansunisdin-selniiidrulueinns

daunihi 2 Aemsuandnenseualniiaing (MDB) ludaunsaintinseunalyl (DB) Mogluiud

$IN99) VOIDIAT

For Area A ‘ ' '
L eenmin ) i F;,%%h

g
AN

Main Distribution Board

JUN 2.1 nswandremastnii



2.3.2 Yaanuszuulnin (Electrical Protection) ¥1nlunSE 7 SEUUNITHAND 1

o w 1%

Mgl ddemvseraund dlafissuunistestuenaasiinligunsallulednudemels
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wazandiusuksannneaviiiaunsalsudald MelldsneliiAndunsedudianegluusiom
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Hhusnehe FenuRaundivessyuulnihiieneasintuiisd
- TWfihdna9as (Short Circuit)
- Tnaaiunsonszudlndiiu (Overload)
- wsaaulwi LAy (Over Voltage)
- usssulaimn (Under Voltage)
- wswiulairreurana (Phase loss)
- ussnulaingauwa (Phase Sequence)
~ Jastudlefinszuasrasiu (Earth Leakage)
- Josiufia (Surge Protection)

2.3.3 W@ASENUEA1TYIN9U (Monitoring) tW13kies dwmes (Power meter) 1olunns
LaRnIANIS eI LarUSInanE s Ul Ty use, NsTud, Anun, mdsaulniiess,
Mdaulufinsueadin way Harmonic 1iudu 1 oldlunisinauamvesnsldndsny
duiatunsanstufinuSinamdssudgnldiietagussasdlulsevdandaany il
wniesiwesamnsanundu 2 ngulngje loun Analog Power Meter waz Digital Power
Meter

2.3.4 suulniindnses (Backup Power) seuulniihdrsesiulivatsgliuuuasvay

(%
[ (Y 1

szeu faudnisanismaseardaluii (generator) WUU manual waynsasuuvasseli
101U Uninterrupted Power Supply %38 UPS uuudnlusi@ifiadnnesaisasiisudu u
vusierfunsulnsaresvenaseaiuinliil (Generator Controller) &samisna3asriia
Tilnesaludd WerddlnimSeusitiefvedsanu ATS (Automatic Transfer Switch) wuu
SaluT iieunldlaliihdrsecann generator ununsldeu USP wadlazndululdunassne

I wmanieundsdglnndnndudaninuni



2.4 Yszianvaeg i Main Distribution Board ( MDB )

2.4.1 ¢ Medium Voltage Switchboard

% Medium Voltage 9iinszualy 36 Kv

'gﬂﬁ 2.2 Medium Voltage Switchboard

242 Gl: Low Voltage Switchboard

ﬁ Low Voltage Switchboard 12 Kv

.
B ——

- .
'__-

—

gﬂﬁ 2.3 Low Voltage Switchboard
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2.5.3 wasinwusnines (Circuit Breaker) wasinwusninesiiugunsaliililesiudiu
Aulaenney tunsmnaauiaundnieluszuu 1aewasnmusnLNes aLYINNUI7A fn

2995 A elnsrualuanuAunIIAINUUA BSoLAalH1an2935 N1sEenlduesHn

WsNNes Amsdanlmnuizausunsidauluiiasidu suinvsawasinusninasaisidan

[
[y Y

AHNIN ANENY ANEY TinediudiiieliRndslaegalussidounazaisay saudemas
NasaAneglianavidu nsinnseuadngas (I0) AAnnsELa (AT) AMRAANTELE
1A598579 (AF) 528217a11UN150n2935 (Time) auiannnlnsa (1AN) Timungauiuaii

#99N15LY9U

JUN 2.6 wesiniusnines

(%
1Y

2.5.4 133 3alsii (Meten) iuasesiaiiugudldlug MoB Tasly Usznoude
Tarilnes IdTaussulniinnieluaees Teifaussiuroslianiinesfs 0-500V way
weufimslFinUsina nszualnifinluiees nszuavesuoufinofaziuogfusnindun aisud
nIUNoLes (Current Transformer) Inglianiimesuazianilines avldausiuiudiannas

and (Selector Switch) uagning MDB dvwialvgjaziigUnsaliiuAnduagiunisesniuy

WU LB ENALMBIHIMBS (P.F. Meter), Tnmilinas (Watt Meter), #392150wma35 (Varmeter)



S PAC3100
£ 5.P.01 MOMENTAN 8.0

U7l 2.7 \nFesinliiiin

2.5.5 gUn3aiUsznau (Accessories) N15l491ug MDB adsdigunsalusznaud uq
WuBuiienuazmniazaulaen solunislda Wy CT (Current Transformer) 14sie
Sufutendfimesiieldiaafitanssuaudaziva, Selector Switch TH5aufulamimesuas
woufined iednussrunaznszualundaslatazaunuinnavesnszualniirlildn
fimaiidesns, Pilot Lamp naenlrluananiuz euaaslingiuing MDB #nsiauey
wsolal, Fuse Wunaoaumldtiostunsansasasesialiiin sudsdanseualieanainies

Wetenisgunsaideniy

ef{Gurrent Transformer)

Pilot Lafmp.

5UN 2.8 gunsalusenau
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2.6 1MNIFIUNSANASY MDB
2.5.1 ms1mesn msrmesndliiadunssgiulunswdagininsinaunin e

Tiendildluglwihdmnuuiuimanzanluusasvunavesiendildioe

Stainless Hex Bolt
Bolt Tightening Torque Table.
BOLT [mm] TORQUE ( Nm. )
Diameter LUBRICATED
[90% OF DRY]
Mo 42 .38
M12 73 66
M4 | T8 | 106
M16 180 162
Mi8 258 232
M0 10370 1..333
M22 485 7 437
M24 603 543

JUN 2.9 1msgunesn

2.5.2 #3749 IP (International Protection Standard) A1uu1# 357U IEC 60529 158

& a & . . a PN = 1Y) Y
mmiqgﬂmmmmu Ingress Protection Rating ﬂammgm‘m‘uaﬂm’imumsﬂa\‘mur}i‘LJLLaz

U1Y9aLATBINT (Mechanical casings) Wazaunsallniin Fgninuntulag IEC Wiguwiiu

W msg1uglsy EN 60529 nisuendeseaunisdesiutundnguaivzgnuandlagiiiay 2 van

a [y

U T99zisEau

o

Aa IPXX lagvidnusnagnnedeseaunslasnuvam unsenisdudalaeda

AILH 0-6 AIUNNTNADIVLHUIBNITEAUNITUDIN UL TILUTLAUA LG 0-9 8NAIDY1TU

P65 nuefe Jasiudunaziinainnisdala 100 wWesidud Wudu



Ingress Protection (IP) ratings guide
Solids Liquids

A —
There is no available m Noprotect EI
data.

No protection aganst F'rotectm aganal
ingress or contact of
SOhds.

Protection against = > Protection against i -
objects larger than § dripping water ata [
50 mm D 15-degree angle

Protection against F Mo Protection against ]
objects larger than Q l spraying water. x
12.5mm F‘

Protection against \' Protection against
objects larger than L splashing water.
25mm. J

Protection against Protection against
objects larger than water jets.
1mm

Protection against
dust

Protection against
water jets with
higher pressure.

The unit is dust-tight J

i
),
Protaction against =
powerful water jets.
=]
—

Protection against

being immersed in EI
1 meter of water

Protection against =
besng immersed in EI i
at least 1 meter of

Ingress Solids Liquids

Protec ; Protection against =7
rotection  (Dustetc) (Water etc.) E / o {

gﬂﬁ 2.10 11935 IP

2.5.3 pgeanglailn Tunnsfiansaudsnanglndfwvniraudy dnaiedenleniud

#eIN91500 TeazaananaUsEaNSaIn AnuedalatazauUasniglunisldau Yanviun

Pdpsiansantunisidanaieluidy Toua

WARL5I9U (Voltage Rating)
WARNIzLa (Current Rating)
w33umn (Voltage Drop)

d@18A3U (Multiple Conductors)

Anawsenuanslnilnaglddesarursanusonsenuldaulaniy uan. 11-2531 taA1Aun

Lsarulguell 2 seau Ao 300 V wag 750 V astdulunisidsnviavesaslnil1Feneq

ANTININNAWTIR WAL T AU
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Adanszwa Ao AuaINsavesatslwiln Tunisiazinszualwil1uSunaumileegenaiiag

a ¥ a1 a
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U [

1. vwpvesagliln anglwiainuinidavualug Aazdafidanseuaganin

[ '

anglihAdiunndhdnuundnnid
2. vilavesauiunvuagliila nmsianglihdaviuninuaing deudiaginli

anglwihyiatudaiine nsswaay

1% ' [
o

3. gauuiilagseu 1HeenAIANAIUMIUNYRIR ALY o ligy
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W YAZAKI
60227 IEC 01 THW TIS 11 Part 3-2553

450/750 ¥ 70°C SOLID AND STRANDED CONDUCTOR PVC INSULATED, SINGLE CORE

CONDUCTOR INSULATION
CABLE STRUCTURE TECHNICAL DATA
: Solid led g : Maximum conductor 70°C
Size 1.5 mm® up o 400 mm”* : Circuil vollage nol exceeding 450/750 Volls
Insulation : Poiyvinyl chlaride (PVC/C) 450 Valts between Line-to-Earth
Core identification 750 Volts betveen Line-to-Line
Single-core  : Any color
Testing voltage + 2,500 Voits
Raferonce standard  : TIS 11 Part 3-2553, Table 1
APPLICATION
Building wiring for installation on insulator or in raceway,
dry location.
Nominal | Classof | Insulalion Guerall Conductor | Inesialian | Conlinuous | Cable | Standard
cross | conductor | - thickness diameter resistance | resstance | cumantraing [ weight | langth
secfional nominal [ Minimum | Maximum a20°C a70°C | infreesir | spprox
ersa mexdmum | minimum | maximum
(mm?) (mm) {mm) fmm) {Qikm) (MEm) A (kgfkm) (m)
185 1 0.7 26 32 121 0.011 21 21 100iC
18 2 0.7 27 33 124 0010 21 22 100/C
25 1 08 32 38 741 0010 29 32 100/C
25 2 08 33 40 741 0.009 2 35 100G
4 1 08 36 44 481 0.0085 39 47 100G
4 2 08 38 48 481 0.0077 39 50 100G
[ 1 ne a1 50 ans 0.0070 a9 €5 1001C
6 2 [1X:] 43 52 2.08 0.0065 49 70 100/C
10 1 10 53 B4 1.83 0.0070 89 110 | 100/C
10 2 10 586 67 1.83 0.0085 69 120 100/C
16 2 10 64 78 115 0.0050 92 180 100/C
26 2 12 8.1 9.7 .72t 0.0050 126 280 100/C
3% 2 12 9.0 10.9 0.524 0.0043 154 370 100/C
50 2 14 106 128 0.387 0.0043 188 500 | 500D
70 2 14 121 1456 0.268 0.0035 239 700 5000
95 2 16 141 171 0193 0.0035 297 1000 | 500D
120 2 16 155 1858 0153 0.0032 347 1,200 | 5000
150 2 18 173 209 0.124 0.0032 398 1,500 | S0
185 2 20 19.3 233 0.0891 0.0032 481 1,000 | s00m
240 2 22 220 266 0.0754 0.0032 552 2,800 | 500D
300 2 24 245 296 0.0601 0.0030 640 3,100 500
400 2 26 275 33.2 0.0470 0.0028 749 3900 | S00m

JUN 2.11 wmsgruanglndi
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2.7 \nFesiiodmiunisnsraseuglin
I nsufURnunsvaeuLazaaoudlnliiisruuLssdui [dmiunsraouuas
yaaoudluiinszuuissdusiingt 1000 Taad (1Kv) Aindrdunusnsgiu IEC-61439-2 dumeuy
mssfumsnuludunsedey $1adsmmmnsgiuiissylilu IEC-61439-1 Routing test
verification (International Electrotechnical Commission — [EC)
5’18miqﬂﬂiail¢azm%"mﬁa Test & Inspection Instrument
- Measuring Tape (Standley) llunsnsiafnuuinvesdunuuazauintes

Abihivihnisesivdeu Tnelissern1sinigedn 8 Wwas

STANLEY.

gﬂﬁ 2.12 Measuring Tape (Standley)

- Coating Thickness Instrument (Defelsko) Talun1snsaaaauinninumun

G aye A s A ) ° 1Y A Y a
?Jaﬂsliu%lama%wuawu%umuwL‘lJuIawz WWQWU@?Ui%UUﬂauqamiqLﬁu@]

PosiTector

123

thou/mils

@P

gﬂﬁ 2.13 Coating Thickness Instrument (Defelsko)
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- Torque Wrench up to 140N.m. (Tohnichi) T8lun1sasivaeunnu@uwiu
Bolted Joints &3 nn1sAansmugaLiausen1alniuas nananielud infhaanusawiy

Y9I9AFD 9BINUANTINTAARAT SN 60084-3 Bolted Joints

g‘dﬁ 2.14 Torque Wrench up to 140N.m. (Tohnichi)

- Digital Multimeter (Fluke) Tglun1sasiataatnazUsunaunielnia v
wsanulai, nszualniln, anudiuniunigdiia, augliin, mnusdewdeswansasini
TngausainlanginnseuansaaynseLaaay

FLUKE .

nyeplcildy

5U7l 2.15 Digital Multimeter (Fluke)
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- Circuit Breaker Test Device (Siemens) 18 tun15naa@aun1sN1914209
gunsaltlosrunszuaiAulu Circuit Breaker sanfsnssansasmuiledtu wu n1sdaisasiie
nszualrffueg1enewies, nisdnisesdonszualainAud1vme, n1sdnisasie
ﬂisLLﬁ‘lWﬂ’]é’ﬂ’N‘ﬂi%%@ﬂizLLﬁlWﬂ’]QQ%ﬂLLUULaEJUWﬁmLﬂ%ﬂ’]iﬁWNﬂiLﬁaﬂizLLﬁVLWﬂﬁ'J’JaQ

SLUUAEAU LAENANITNARDUILONBINIUNINTFIUYBENEN Circuit Breaker

;J‘dﬁ 2.16 Circuit Breaker Test Device (Siemens)

- Insulation Resistance Tester (Megger) Talun1snageunazinaiaudy
aurunebndaaeTug Inia 19y Busbar Insulator, Busbar Support, Power Cable wa
gunsainfndsn1elud i wmsgrunisnsiainsiudmanisinfiseusula 61989310

UmIgIu IEC 61439-1

U1 2.17 Insulation Resistance Tester (Megger)
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- AC Power Withstand voltage Tester (T&R Equipment) Tolun1snagau

' I
¢ a v

nsnusensaiuliingetivuzvesgunsaininninielug i saufmeaeunisialuaves
nszualnihangaiveaeuludnuilnindug waznsiilvavesnseualnihaingainaaey
Ludssvuvaeaunislugliiuinsgiunisesainsiudwanisiniigensuls 61989970

URIFTU I[EC 61439-1

gﬂﬁ 2.18 AC Power Withstand voltage Tester (T&R Equipment)

- Contact Resistance Tester (Udey) lalunisnsiataainuaiuniugessiai
wazgadenliinneluglndi g1un1sinfsud 0-2000 MQ WIMsgIUNIIATIVIATINA NG
n13infeausulsd 8198991nU105578 ANSI/NETA MTS-2011 w3efndnaunsalluidndug

AU

'gﬂﬁ 2.19 Contact Resistance Tester (Udey)
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- Primary Injection Systems (Omicron) lalun1snageuanenssuauas
wssulni suflmeaeunisviuvesgunsallui wu
- vislouUasnszualnii
- vislouUasissaulnii
- yageuauauUlin sz uasay
- yageuANUATUUlNTNSTILER T
_ Srenszualiiiidnu Primary 513 AC Current uaz DC Current
~ greusaduliing i Primary 7iu AC Voltage
- Mn@ey Tipping Characteristics YatgUnsaldasiunssuaiiu Ly

Circuit Breaker, Thermal Overload, Electronic Overload lagn15a18nsEkan1u Primary

E‘Uﬁ 2.20 Primary Injection Systems (Omicron)



- Protection Relay Tester (Omicron) Talun1snageuanenseuauay
wssiulni sudmeasunisviuvesgunsallui wu
- gUnsalnaviansewalii
- gUnsalnaaTauseiulngi
- gUnsalnsraTandanulnii
- gunsalnaniaauazUTnasmalwihmanefleddu

- gUnsaluasdayayamasulnii

- gUnsaitlosiuluszuulii

—— e ——

gﬂﬁ 2.21 Protection Relay Tester (Omicron)
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