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Abstract

This project introduced the analysis of over voltage in low-voliage distribution networks
with solar rooftop systems using DIgSILENT PowerFactory software, when the majority
of connected loads is located at the end of low voltage feeder. Assuming the connected loads wete
residential houses. The DIgSILENT PowerFactory software was used to analysis the impact of
solar rooftop systems on the voltage level in the networks. To mitigate the over voltage problem,’
the control solutions by wusing distribution-transformer with automatic tap changer
and using automatic capacitor bank with fixed tap changer transformer are proposed.
The test system is three phase 400 V radial distribution networks with 50 residential houses,
including the data of residential load profile and solar rooftop generafion profile in 24 hours
(1 day). The simulation results showed that these two solution can prevent the over voltage

and under voltage problems etficiently
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[ 14
Y94 Schneider Electric 74 Conext RL 5000 E daflnuiauiiaanunaiingiaelilil (Schoeider

Electric, 2016)

Input DC

- MPPT voltage range, full power: 180 -500V

- Operating voltage range: 90-550V

- Starting voltage: 100V

- Max. Input voltage, open circuit: 550V

- Number of MPPT: 2

- Max. Input current per MPPT: 18 A

- Max. Short circuit current per MPPT: 25 A

- Nominal input power: 53 kW

- Max. DC input power per MPPT: 35kwW

Output AC

- Nominal AC Output Power: SkVA

= Nominal output voltage: : 230 V, single-phase
- AC voltage range: _ 184 - 276V

~  Frequency: 50/ 60 Hz

- Frequency range; 50/60 Hz +/- 5 Hz
= Max. Output current: 232 A

- Power factor (adjustable): 0.8 lead to 0.8 lag
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16 | Conext i 3000 E, Conext RL300DES |  3HVA 1Ph, 230V [ Lt 500 kw
L7 | Conext FL 4000 E, Conext RL 4000 E-5 | 4 kWA 1Pt 230 | Wiy 500 K
1.8 | Conext RL 5000 €, Conext RLS000ES | S KVA tPh, 230 ¥ | Tahi 500 kw
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AATNES (Wim') fdahhmga ()
100 12.50
200 25.00
300 37.50
400 50.00
500 62.50
600 75.00
700 87.50
800 100.00
900 112.50

1,000 125.00

L] 3 r
15197 3.4 FoyanTuduidsnasantiuvasing 12 gatau 2012

[3a1 ﬂ’J'I‘N!"iJ,N!lﬁQ I ANUIULE m AUIES L] mmh’iuum

(W/m’) (Wim’) (Wim) (Wm')

06:30 8.4806 09:15 270.998 12:00 399.823 14:45 317.4822
06:45 35.0704 09:30 273.0172 12:15 672.1606 15:00 385.965
07:00 36.2606 09:45 327.3232 12:30 7718178 15:15 302.9864

07:15 28.3538 10:00 313.465 12:45 637.6216 15:30 303.6454
07:30 117.1986 10:15 267.1084 13:00 504,333 15:45 182.4932
07:45 114.6056 10:30 265.5144 13:15 886.1324 16:00 224,769
08:00 164.8306 10:45 271.8634 13:30 609.7778 16:15 183.896
08:15 231.613 11:00 278.5222 13:45 398.2076 16:30 109.1006

08:30 240.6462 11:15 2713532 14:00 557.8312 16:45 74.8804
08:45 281.0516 11:30 325.5802 14:15 612.1158 17:00 58.9182
09:00 270.4666 11:45 296.8438 14:30 554.9194 17:15 33.625
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SPECIFICATION
OlL IMMERSED TRANSFORMER
315 KVA. 3 Ph. 50 Hz
22000 - 400/ 230 V.

THAI CENTER TRANSFORMER CO., LTD




TCT THAI CENTER TRANSFORMER CO.LTD
SPECIFICSTION THREE PHASE TRANSFORMER
Address: 67/1 Moo. 7 T, Bangkam A, Maung Nakonpathom 73000
Tel , 081 - 8054856 , 034 - 219036 Fax 034 - 984052 hitn://www thaicentertransformer.com e - mail : lh_aicemerﬁ?]@homﬂihcom

Transformer Specificstion

(ote. Ref @
Customer :
Project
Rated power . KVA 315
Type of transformer - Qilimmersed { Hermetlcally sealed )
Standard - IEC 76
Cooling System - ONAN
No, Of phase . 3
Frequency Hz 50
Rate of voltage  :Primary V. 22000
: Secondary (- \ 400/230
Vector group 4 - Dyn 11
Tapping Type - off circult tap changer
No. of steps - 5
Percentage of tapping - * 2x25%
Impedance voltage at 75 C k.0 4
NQO - Load current SR 1
Ambient temperalure TP 40
Average Temperature rise of winding - T C G5
Average Temperature rise of top oil 60
Noise level not more than 56
No - Load loss 600
Load loss ot 75C 3500
;25 % ofrate power 98.94
Efficiency 150 % of rate  power svansanrinrs 70 98.08
at PF.=1 175 % of rate  power ernraneen 70 98.79
1100 % of rate power . % 98.56
Voltage regulation ot PE. =08 s Yo 3.22
tat PR =09 e % 2.71
:at PF =1, PO 1.17
Impulse Withstand :Primary winding ... KV. 125
Voltage : Secondary winding - KV. -
Power Frequency :Primacy winding . KV. 50
: Secondary winding e KV, 3
Terminal arrangement H.V. Side Cable
LV.SBide Cable
Installation on Pole mounted / Plantform
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~ TCT THAI CENTER TRANSFORMER CO.LTD

SPECIFICSTION THREE PHASE TRANSFORMER

Address: 67/1 Moo. 7 T. Bangkam

A.Maung  Nakonpathom 73000

Tel . 081 - 8054856, 034 - 219036 Fax 034 - 984092 htip:/fwww.lhaicentertransformer.com ¢ - mnail - thaicenter67 1§@hotmail.com

Transformer Specificstion
Quote, Ref :
Customer :
Project

Rated power

315

Type of transformer

Gil immersed { Hermetically sealed )

Accessories

H.V. Bushing with terminal connector
L. V. Bushing wilh ferminal connector
Grounding pad or carth tenninal

upper fillter press sampling valve

Qil drain, filter press sampling valve

Name plate

Arcing Horn

Skid Base

Mechanical pressure relief device

0il level indicator

Included
Included
Included
Tncluded
Included
Included
Included
Included
Included ( without contact)

Included (with canlact )
Included ( with contact )

Inctuded ( with contact)

Testing

- Routine fest
Ratio test at each position of tap
Polarity and phase relation test
Resistance measurement
No - Load loss and exciting current test
Impedance and load loss test
Applied potential test
Induced potential test
Insulation resistance test
Oil test

- Specia test
Impulse withstand test

Temperature rise test

Included
Included
Included
Included
Included
Included
Included
Included
Included

Included ( Thaicenter lab )
Included ( Thaicenter Iab)
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TOP VIEW
NO DESCRIPTION Qry.
1 |NAMEPLATE WITH CONNECTION DIAGRAM 1
2 |Hv. BUSHING W/ TERMINAL CONNECTOR 3
3 JLV. BUSHING W } TERMINAL CONNECTOR 4
4 {TANK 1
5 |TAP CHANGE 1
6 |EARTH TERMINAL 1
7 |OIL DRAIN VALAE 1
8 |LIFTING EYES ON THE COVER 2
9 |OIL LEVEL INDICATOR 1
10 |OH FILLING PIPE 1
11 |0 LEVEL GAUGE 1
12 |LoGO 1
13 |THERMOMETER POCKET 1
14 |ARCING HORN 3
THAI CENTER TRANSFORMER CQ.LTD
Dimension in milllmetres Total wt. Qil
H L W { Kgs.) 1 (Lilres)
1530 mm, | 1400 mm | 785 mm 1250 365
PRELIMINARY DRAWING DESIGN No, 00315TCT 1-52009 [S/ONo. A52009
This drawing Is kot astimation onfy
showing approximata dimenslons and NAME TITLE : OUTLINE DRAWING
should not ba used for sttual purposes DRN.BY 315 kVA. 3 Ph. Dyni{
In case of onder a definile drawing CHK.BY 22000 - 400 / 230
witl be produced for formal approval APP. BY | TYPE : Hermetlcall sealed fank
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_ _Conext RL

Devlce short nama RL 3000 E RLAQOD E RL 5000 E

Eteclrical specificalions

Inpui (DC)

MPPT votlage range, full power 160 - 500V 180 -500V 180-500Y

Operaling vollage range 90 -550 V 90-550V 20 - 550V

Starting votiags 100V 100V 1090V

Max. Input voitage, open circuit S50V £30V 550

Number of MPPT 2 2 2

Max. Inpul current per MPPT 10A 12A 18 A

Max. short circuit current per MPPT 13.9A 167 A 250A

Neminal nput poexer 3.2 kW 4.2kW 5.3 kW

Max. DC Input power per MEPT J.2RW I2KW 35 KW

DC conneclion lype MC4, 2 palrs {1+1) MCA, 4 palrs {2+2}) MC4, 4 pabrs (2+2)

DC switch Integraled (opllonaf) Integrated {opticnal) Integraled {optonal)

Qulput (AC)

Nominal oulput power IKVA AKVA* 5 KVAT

Nominal cutput vollaga 230V, slngle-phase 230V, single-phase 230V, single-phase

Isolation Transformerless Transfarmediess Transfermerlass

AC vollage range 184V -276Y 1WV-2T6Y 1864V - 276V

Frequency 50160 Hz 50/60Hz 50/60 Hz

Frequency range 50180 Hz +/-5Hz 50/60Hz +/-5Hz 50/60 Hz +1-5Hz

Max. ouiput current 13.9A 18.2 A 232A

Total harmonic distortion <3% <3% <3%

Power feglor (adfusiable) 0.8lead 1008 lag 08leadlo 08 lag 0.8 kead 10 0.8 lag

AG conneclion ype P87 conneclor P87 conneclor P37 conneclor

Efficiency

Peak 97.5% 97.5% 57.5%

Ewopean 97.0% 97.0% G7.0%

General specilicalions

Power consumption, night time <1W < W <1W

IP degrea of prolection IP65 (electionics and balanca) 1P65 (electronics and palance) P65 {eteclronics and balance)

Chmatic category {per |EC 60721-3-4) 4K4H AKAH 4KAH

Cooling Halural corvection Nalural convection Natural convection

Enclesure malerial Aluminium Aluminkom Ahuminlum

Product welght 20,0 kg {44.1 Ib) 21.0kg {46.3 b} 24,0 kg (529 1b)

Shipping welghl 25.0 kg {55.1 Ib) 25.0 kg {55.1 ) 30.0 kg (66.1 Fo)

Product dimensions (H x W% D} 42.0x 4802 16.0cm 42,0460 x 160 cm 44.5x510% 17.7 o
(16.5x 18.9%x 6.3 In) {165x 189x6.3 ) (17.5 % 20,1 x 7.0 in}

Shipping dimeanslons (Hx ¥ x D) 50.5%59.5%x29.5¢cm 50.5%59.5x23.5¢cm 56.6x619x33.1¢cm
(199x234x116in) {19.9x23 4% 11.61n) (22.3 %244 x 13.0In}

Amblent alr lemperalure for operalion -20 10 65°C {-4°F to 149°F)**** -20 to 65°C [-4°F o 149°F)**** -20 10 85°C (-°F lo 149°F)****

Opetaling altilude Uplo 2000 m Upla 2000 m Up lo 2000 m

Relative humidity 4 = 100% condensing 4 - 106% condensing 4 - 100% condensing

Molse emisslon {al 1 m distance) <40 dbA <40 dbA <40 dbA

Features and options

Embedded data logger 365 days

Display LCO 2 fino 16 digits, 2 Butions

Communlcation Interiace slandard/oplional RS 485, MODBUS 7 Ethetnel (with buill-in web server)
Muliifunction relay Yes

Warranty In years standardoplional 5710

Regulalory approvals

Eleclrical safety CE marked lor the Low Voltage Directive 2006/95/EC

ENJIEC 62109-1 EN/IEC 621092, AS3100/AS5033

Grid Intercennection

VDE-AR-N 4105, RD1699, CEI 0-21, UTE G15-712-1, AS4T77, VDE 0126, IEC 6211B.1EC 61727, MEA, PEA,
JEC 61683,G332 for Conex RL 3000E end 4000F, G54/2 for Conext RL S000F, C10/C11 ed. 08.2012

Environmentat

RoHS, REACH. IEC B0068-2 (as per MNRE Technleal Specifications)

EMC

CE marked lor tha EMG directive 2004-108-EC | Emssions: EN 61000-6-3 [residanTial)

Imorunity: EN 81009-6-2 (induslrial)

Available producl varianls

Standard PYSNVC3000 {RL 3000 E)} PVSNVCAQRO (RL 4000 E) PVSNYCS000 (RL 5000 E)
With Inlegrated DC swilch PVBNVCI000S (RL 3000 E-5) PYSNVCA000S {RL AD0Q E-S) PYSNYCS000S (RL 5000 E-S)
Specificaions ara subjec lo changa without notice. 168 kVA for UK. 4.6 kVA o 4.95KVA for (x L 42 464 or UK #'**-20°C cold start temperaluap.

© 2018 Schnelder Electric, All Rights Reterved. Al rademarks aa owned by Schnekler Eleclic Indusiries SAS o Its affiliated companies

DE20160610_Conantil

Schneider

Lifets On LElectric
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ALUMINUM CABLES

APPLICATION:

PHELPS DODGE CONDUCTOR TYPE WPC COMPACT
WEATHER-PROOF OR WEATHER-RESISTANCE CABLE
(COMPACT)

* Polyvinyl chioride Tnsulation

“PDIC < THAWAND

Conductor : Compact hard drawn aluminlum

Conductor ; Solid or stranded hard drawn alominium wire,
Skze 10 mm? up to 300 mm?

Insulation @ Polyvinyl chloride {70°C)

11.5.13.5

18,518

18,974

30504

20.0-21.6

43,642

R = Packing in reel

Page 10of §

Reviston : October 2015

“Phelps Dodgellnternattonal (Thailand) Limited.

Maneeya Cenler Building
 Webtlle:

18 thl:-ﬂ 51815 Ploerchit Rd.,

I.umpinee, Pathumv,an, Barrg-mk 10330Te!ep’10ne (66 2) 6u0 5800 Fax {86 2) 630 5536, 650 5258

TJIS Pheips Dod;L Er Lmauuru: {Thaitandy L\m.ud A‘I
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1.6 myarwquitadinit (Active power control)
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' Load Fow
VDEASC Short Crou
Complete Short Crcut
| ANSI Shod Crout

| leceraea

| DT Chaalama

| AMS-Sdation
| eMT-Smsin

‘| Hamanice/Power Qualty

| Optimal Power Flow
| Revabity

N Genars=n Adeousty

Descrit

gﬂ‘ﬁ 1 Basic Data Grid
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| D5 Shorilaour
RMS-Simulabion
EMT-Smudaticn
Hamorics/Power Qualty
| Optmat Power ow

Shegi fwoii

Compisle Short-Crod

ANSE Shoi g d

311 2 Load Flow Grid

1EC 1352

OC Shoq-Crews

RMS-Ganatin

B BT Srmidation
Hamorics Fower Cusldy

2} Protection

'} Optimal Pover Faw
Relbabiity

» Sanealion Adequacy

Tie Open Point Opt.

5| Description

gﬂﬁ 3 Basic Data Bus bar 22 kV
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FERE-Smidslon
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Description

| voEaEe shot croa
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1 Ece3m

4 SE Snan iz

Load Fow

U4 4 Load Flow Bus bar 22 kV
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il AMS-Smuaticn
] EMT-Smulebon
| Hamorice/Power Qualty -
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| Catemal Prser Pow
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|| Geawestion Adegmey

Descriphon
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Lead Flow
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= SN EN]

IR0 St Cavnsd

gﬂﬁ 10 Load Flow Bushar 400 V
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g'ﬂﬁ 11 Basic Data Linc
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: Harmerics/Power Quaity
Prolection

| Cotrma! Pomer Faw

| Relabiy

| Genemtion Adogunsye

: Cable Sarg
| Descripion

32

gﬂﬁ 12 Type Basic Data Line

i| VDEAEC St Crou
| Complele St Croad
*| ANS) Shot T

| e Ens
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:| Description

g’ﬂﬁ 13 Type Load Flow Line
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IEC G383
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] Optial Pawer Fow
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gﬂﬁ 15 Load Flow Automatic Cap Bank 01
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g1l 19 Load Flow Solar Rooftop

35



] Rebabiy
| Generston Adeguacy

Descripion

86

g‘l_lﬁ 21 Load Flow Automatic Cap Bank 02
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SHARP

solar electricity

You have iany manufacturers to
) T choose from when consiclering solar
for your home or business. Partnor

OFF GRID MODULE with us to see why Shiarp ks @ globaj
' leader in s¢lay technoloay.

ENGINEERING EXCELLENCE
Module offers Industny-leading gerfolmance for
a varlaty of eiectrical power requiremants..

BURABLE
‘Pesigned-ans
- “wweather conditi

N

OFF GRID 130 WATT MODULE
FROM THE WORLD'S TRUSTED
SOURCE FOR SOLAR.

Using breakthrough tecnniology, made possible
by niarly 50 years of praprietary resgarch and
development, Sharp's ND-1ZGUJIF sofar module
incorporates (36) 155 mm square solar cells with
an advanced surface texturing process o increase
light absorplion and improve efficiency. Common
applications include cabins, solar power stations,
pumps. beacons, and lighting eguipment.
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150 WATT

ND-130UJF

Magimurm Power tPr_n'B_;; a

oletance af Priax. .
“Type of Cell:

Cell Configuration

pom Pasee Eas

sive view 17

: bdﬁ'séc'tsha.p:'for"ébmﬁieteQvafrantyinformaﬂcn R

R N

T ERSIRE N o g g
TEIVEER AW B0 NKAI MeT T LOYAS e BT

Trenrpa and aprofaten 100 faniec| 1o ¢hanga st node. L) B o

Bhurpls aregilered Wadermark of Tharp Corparalon. A% alier 1ademsrks are ooty of thes BRI =t ST R

FRIpugtieg Carers Contact Bham to ohtan s il prod ot rasess befors Lng amy Maap SRSV mm RAAMER M e S el el T

vk e, Cavee phoke Solar Ivralenon by Darrk Deiar 5o rhr, Adcherin, NH, > ...

Crodat] SHAN) of [ORIAnss spasfitaling

SHARP ELECTRONICS CORPORATION
5801 Bo'sa Aveaue, Huntinglon Beach, CA 92847

® 1-800-50LAR-0E « Email: sharpsolar@sharpusa.com
www.sharpusa comdsolar

#2000 Starp Etecltonicn Corparsta-y A rights ressz) QEL00) -PC-11-03
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g
1 General Description |

1.2.4 Automalle 1ap changer ¢conlrol

Aulomalic {ap changer control [s aclivated by seliing 1he comresponding oplion on the load flow
page of the Iransformer element. Additionally, automalic tap adjustment can be globally enabled
or disabled by the load llow command. Thi¢ infermalion required for tap changer control is shown
in Figure 1.9 and described in Tabla 1.3,

Figura 1.9: Dala lor automatic tap changer conirol

Two-Winding Translormer (3-Phase) (ElmTr2) 11
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1 General Dascription i ;}2

Table 4.3: Dialog fiebds for the automatic lap changer control

Parameler Dascription

According to Instead of the type data for lhe lap-dependent transformer

Measurerient values the element-specific measuremenl report Is used

report

Tap position Tap position used during the Yoad llow calculation. If Aulomalic
Tap Changing |s aclivaled this value correspands to tha Initial
lap position.

Automatic tap Activating aufomatts tap adjusiment in load llow analysls.

changing

“Tap continvous  An idealized, continuous tap changer is

,ﬁp . assumied, As a result, he tap controllér can ideally comply with

changer the specilied control condition
This option 15 useful for voltage regulators In dislibution
syslems having a very large number of lap steps or for thyristor
controlted tap changers.
discrefe  Standard opllon. Only [nleger 1ap positions arg
cohsldered.

Controlled H_V Tapconlrols the HV--side.

node LV  Tap controls the LV-side
EXT  Slave mode. The tap changer just follows the lap

_position of the selected Masler-translormer,
Only for V control mode:

Selpoint lpcal  Ihe vollage selpoint and vollage range setiings
(max./min. vollage) must ba enter In the transformer dialeg
bus fargetvoltage  thevoltage Sefpoint and veltage range
settings (max/min. voltage) are laken from the controlled
busbar (lopelogical search)

Bl V  Voltage control. For unbalanced load flow analysis, the

ng';o controlled phase needs lo be defined additionally.

Q4 Reaclive power-control {see also Figure 1.10)
P Aclive power controf {only applicable to phase shilters, séa
also Flgure 1.10)

B
|
L%
Qv

Figure 1.10: Giientation of Power values counled positive

Two-Winding Translormer (3-Phase) (ElmTr2) 12
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1 General Description l?fi

Table 1.4: Addilional data for iap changer control

Parameter Description |
Set Polnt ¥-/Q-/P- reference (depending on selecied control mode)
Lower/Upper Lower and upper boundary of the controlied variable. In case of
bound discrete lap changers, the tap conirol can drive the controlled

variable just into a permilted band. n case of continuous tap
changers the tap controller can ideally regulale to the relerence
point.

Remote Gontrol Allows lor Iha selection ol a bus bar diflerent from the
Iransformer lerminals (V-conlrol). In case of P-or Q-control the
Tfow lhrough any cubicle can be controlled.

Voltage conlrol Includes oplional line drop compensalion. This function controls the vollage at
a remote busbar without measuring the vollage at that bus-bar. Instead, the aclual valus ls
eslimated by measuring the voltage al the HV or LY side of the translormer and simulating the
voltage drop across lhe line.

The principle of the line drop compensatlon Is shown in Figure 1.11, the corresponding param-
eters are explained [n Table 1.5.

= V Control

T cr

X

liosa

L.
Lim Bkl U

Liar jodl

Figure 1.11: Principle of line drop compensallon

Table 1.5: Line drop compensalion {for voltage confrol)

Parameter Descripilen Unit
Cusrent Primary CT-current-rating. A
transformer rating
Voltage Ratio of the voltage transformer -
transformer ratio
RSel, XSet LDC-impedance, defined as voltage A
drop at rated current. It corresponds to
lhe LDC-impedance in Ohm times the
secondary CT cuirenl raling.

Two-Winding Transformer {3-Phase} (ElmTr2) 13
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1 Shunt Tap Adjustment |

1 Shunt Tap Adjustment

1.1 Common Tap Adjustment

The aulomalic tap adjusiment Is using the following Internal logic.

1.1.1 Volltage Conlrol

Ut K Astep

u

Figura 1.1: Voltage Control

11,02 Yollage set point in pu.
u: measured voltage in p.u.

T'1; time constant T1 = Tan/(Tminerrt X krelax}
1eri conlroller Time Constant
K controller Factor K = 100% % neapz ® Ko % orienfation

K.ier: Sensilivily do/dv In p.usi%e

neapr: Max. no of sleps

orientation: step orientation { +1 for capaciiive shunts, -1 for induclive shunis}
Aslep. step changes

Trinceris 18 1he fastast controller time constant of all automatic adjusied lap-changer and shunis
krelar: 1 the min. controller relaxation faclor parameter in the load-llow command (Advanced
Options' page)

1t5¢s7 I8 calculated from tha upper and lower voltage limils according lo following equalion;

\ s (upper) — uaee{lower)
2

Ugep

Shunt Tap Adjustment (EImShnt} 3
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