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ภาคผนวกท่ี 2.1 
คุณสมบัติของแผงเซลล์แสงอาทิตย์ 
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ภาคผนวกท่ี 2.2 
คุณสมบัติของอุปกรณ์แปลงไฟฟ้า 

กระแสตรงเป็นกระแสสลับ (Inverter) 
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ภาคผนวกท่ี 2.3 
หม้อแปลงไฟฟ้า (Transformer) 



ISSUE DATE : 12/7/65

Transformer  Specification

Quote. Ref.  : 

Customer    : 

Project  : 

Rated power kVA. 3000

Type of transformer Oil immersed (Hermetically sealed)

Standard IEC 60076

Cooling System ONAN

No. of phase 3

Frequency Hz. 50

Rate of voltage :  Primary V 6600

:  Secondary V

Vector group Dyn11

Tapping  Type Off circuit tap changer

No. of steps 4

Percentage of tapping +/- 2 x 2.5 %

Impedance voltage at 75  oC % 7.00

No - Load current % 0.80

Ambient temperature oC 40

Average Temperature rise of winding oC 65

Average Temperature rise of top oil oC 60

Noise level not more than dB 62

No - Load loss Watt 3600

Load loss at 75  oC Watt 34500

Total loss Watt 38100

:  25%   of rate power % 99.24

Efficiency :  50%   of rate power % 99.19

at P.F. = 1 :  75%   of rate power % 98.99

:  100% of rate power % 98.75

Voltage regulation :  at P.F. = 0.8 % 5.18

:  at P.F. = 0.9 % 4.21

:  at P.F. = 1 % 1.39

Impulse withstand :  High voltage winding kV 60

Voltage :  Low voltage winding kV -

Power frequency :  High voltage winding kV 20

:  Low voltage winding kV 3

Terminal arrangement H.V. side Cable

L.V. side Cable

Installation on Concrete foundation
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  Transformer  Specification

Quote. Ref.  : 

Customer    : 

Project    : 

Rated power kVA. 3000

Type of transformer Oil immersed (Hermetically sealed)

Accessories :

 H.V. bushing with terminal connector Included

 L.V. bushing with terminal connector Included

 Grounding pad or earth terminal Included

 Lifting lug Included

 Oil drain, filter press sampling valve Included

 Name plate Included

 Skid  Base Included

 Mechanical pressure relief device Included

 DGPT2 Included (with contact)

 Oil level indicator Included

 Cable Box type 1 Included

Testing  :

 - Routine test

 Ratio test at each position of tap Included

 Polarity and phase relation test Included

 Resistance measurement Included

 No-load loss and exciting current test Included

 Impedance and load loss test Included

 Applied potential test Included

 Induced potential test Included

 Insulation resistance test Included

 Oil test Included
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ภาคผนวกท่ี 2.4 
อุปกรณ์ติดตั้งแผงเซลล์แสงอาทิตย์ (Solar Mounting) 
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ภาคผนวกท่ี 2.5 
DC Cable 



U.I. Lapp
GmbH DATA SHEET 

ÖLFLEX® SOLAR XLR-E
 

DB 1023650  
valid from: 01.07.2016 

Originator: ALTE / PCM 
approved: HAPF / PDC 

Document: DB1023650EN page 1 of 2 

All deviations from this specification are subject to explicit consent of U.I. Lapp GmbH. All rights reserved acc. to DIN 34.  
PD 0019/2.1_11.09EN 

1. Application

ÖLFLEX® SOLAR XLR-E cables are weather-, abrasion- and UV-resistant photovoltaic cables.  

These cross-linked, halogen free and double insulated solar cables are suitable for permanent outdoor use and especially 
for the interconnection of grounded and ungrounded photovoltaic power systems. They are applicable for the connection 
of solar panels among themselves and as extension cable between the individual module strings or the DC/AC inverter. 

According to EN 50618 applies:  
The expected period of use under normal usage conditions as specified in EN 50618 is at least 25 years. 

2. Cable design

Design according to EN 50618 

Certification Code designation H1Z2Z2-K, certified according to EN 50618 
TÜV Rheinland certificate No. R50345247  

1. Conductor: Fine wire strands of non-porous tinned copper wires according to IEC 60228, Class 5 

2. Core insulation: Electron beam cross-linked polyolefin co-polymer 
Color: white 

3. Outer sheath: Electron beam cross-linked polyolefin co-polymer 
Outer sheath color: black or black with red colored stripe 

3. Electrical properties

Rated voltage U0/U acc. IEC AC 1000/1000 V 
DC 1500/1500 V 

Max. permissible operating voltage  DC 1800 V (according to EN 50618) 

Test voltage AC 6,5 kV 

Current carrying capacity  according to EN 50618, Table A.3 & A.4 

4. Mechanical and thermal properties 

Temperature range, conductor temperature fixed installation: -40°C up to +120°C conductor temperature 
(according to IEC 60216-2) 

Temperature range, ambient temperature fixed installation: -40°C up to +90°C ambient temperature 
(according to EN 50618) 

Minimum temperature for installation -25°C (according to EN 50618)

Minimum bending radius  occasional flexing: 15 x cable diameter 
fixed installation:      5 x cable diameter 
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Originator: ALTE / PCM 
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Document: DB1023650EN page 2 of 2 

All deviations from this specification are subject to explicit consent of U.I. Lapp GmbH. All rights reserved acc. to DIN 34.  
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Weathering/UV-resistance according to EN 50618 Annex E 

Ozone resistance  according to EN 50396 

Halogen free according to IEC 60754-1, IEC 60754-2 

Smoke density  according to IEC 61034-2, EN 61034-2 

Flame retardant  according to IEC 60332-1-2  

Acid and alkaline resistance according to EN 60811-404 (Oxal-acid and Sodium hydroxide) 

EU directives  This cable is conform to the EU directive 2014/35/EU (Low Voltage Directive) 

5. Installation 

H1Z2Z2-K cables are not suitable for the installation underground.  
The cable should be installed according to VDE 0100, part 520, IEC 60364-5-52, EN 50174-1 or comparable 
standards. Long-term, permanent storage or constant use of the cables in or underwater is not permitted. 

According to EN 50618 applies: 
Intended for use in PV installations e.g. acc. to HD 60364-7-712. 
They are intended for permanent use outdoor and indoor, for free movable, free hanging and fixed installation. 
Installation also in conduits and trunkings on, in or under plaster as well as in appliances. Suitable for the appli-
cation in/at equipment with protective insulation (protection class II). 
They are inherently short-circuit and earth fault proof acc. to HD 60364-5-52. 

6. Versions

Part. No. Color insulation Color outer sheath Conductor cross section [mm²] Outer diameter approx. [mm] 
1023652 white black 1 x 4 5.4 
1023653 white black 1 x 6 6.0 
1023654 white black 1 x 10 7.2 
1023655 white black 1 x 16 8.7 

1023667 white black with red stripe 1 x 4 5.4 
1023668 white black with red stripe 1 x 6 6.0 
1023669 white black with red stripe 1 x 10 7.2 
1023670 white black with red stripe 1 x 16 8.7 
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ภาคผนวกท่ี 2.6 
AC Cable 



PHELPS DODGE INTERNATIONAL (THAILAND) LIMITED 

SPEC NO.: LV-CV-000

SPECIFICATION 

LOW VOLTAGE POWER CABLE 
 0.6/1(1.2) KV CU/XLPE/PVC (CV CABLE) 

Copper Conductor, Cross-Linked Polyethylene Insulation 
and Polyvinyl Chloride Sheathed Cables

REVISION ISSUED DATE 
03 9 November 2016 



Phelps Dodge International (Thailand) Limited
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ANNEX A - CABLE DRAWING AND TECHNICAL DATA 

Figure 1  Cable drawing of 0.6/1 KV CU/XLPE/PVC 1-Core 

Phelps Dodge International (Thailand) Limited
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Table 1  Technical data of 0.6/1 KV CU/XLPE/PVC 1-Core 



Phelps Dodge International (Thailand) Limited 
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Figure 2  Cable drawing of 0.6/1 KV CU/XLPE/PVC 2-Core 

Phelps Dodge International (Thailand) Limited 
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Table 2  Technical data of 0.6/1 KV CU/XLPE/PVC 2-Core 



Phelps Dodge International (Thailand) Limited 
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Figure 3  Cable drawing of 0.6/1 KV CU/XLPE/PVC 3-Core 

Phelps Dodge International (Thailand) Limited 
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Table 3  Technical data of 0.6/1 KV CU/XLPE/PVC 3-Core 



Phelps Dodge International (Thailand) Limited 
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Figure 4  Cable drawing of 0.6/1 KV CU/XLPE/PVC 4-Core 

Phelps Dodge International (Thailand) Limited 
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Table 4  Technical data of 0.6/1 KV CU/XLPE/PVC 4-Core 



Phelps Dodge International (Thailand) Limited 
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Figure 5  Cable drawing of 0.6/1 KV CU/XLPE/PVC 2-Core with ground 

Phelps Dodge International (Thailand) Limited 
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Table 5  Technical data of 0.6/1 KV CU/XLPE/PVC 2-Core with ground 
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Figure 6  Cable drawing of 0.6/1 KV CU/XLPE/PVC 3-Core with ground 

Phelps Dodge International (Thailand) Limited 
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Table 6  Technical data of 0.6/1 KV CU/XLPE/PVC 3-Core with ground 
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Figure 7  Cable drawing of 0.6/1 KV CU/XLPE/PVC 4-Core with ground 

Phelps Dodge International (Thailand) Limited
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Table 7  Technical data of 0.6/1 KV CU/XLPE/PVC 4-Core with ground 



SPEC NO.: 3.6/6kV-CU-XL-CT-PE-000 

SPECIFICATION 

MEDIUM VOLTAGE POWER CABLE 
3.6/6 (7.2) KV CU/XLPE/CTS/PE

Copper Conductor, Cross-Linked Polyethylene Insulation, 
Copper Tape Shield, PE Sheathed Cable 

REVISION ISSUED DATE 

03 2 Feb 2017 



Phelps Dodge International (Thailand) Lim
ited 
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Figure 1 
 Cable draw

ing of 3.6/6(7.2) kV CU/XLPE/CTS/PE Single-core Cable

Phelps Dodge International (Thailand) Limited 
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Spec No.: 3.6/6kV-CU-XL-CT-PE-000 Rev.: 03    Date: 2 Feb 2017 

Table 1  Technical data of 3.6/6(7.2) kV CU/XLPE/CTS/PE Single-core Cable 

Nominal 

cross-

sectional 

area 

Minimum 

number 

of wire 

Diameter  

of 

conductor  

(approx.) 

Thickness 

of 

insulation 

Diameter  

over  

insulation 

(approx.) 

Copper  

tape 

shield 

thickness 

(approx.) 

mm 

Thickness 

of 

oversheath 

Overall 

diameter  

(approx.) 

Cable 

weig ht 

(approx.) 

Minimum 

bending  

radius 

Standard 

packing  

mm² mm mm mm mm mm kg  / km mm m / reel 

35 6 7.0 2.5 13.1 0.07 1.5 18 515 216 1000 
50 6 8.0 2.5 14.1 0.07 1.6 19 650 228 1000 
70 12 9.7 2.5 15.8 0.07 1.6 21 875 252 1000 
95 15 11.3 2.5 17.4 0.07 1.7 22 1140 264 1000 

120 18 12.8 2.5 18.9 0.07 1.7 24 1390 288 1000 
150 18 14.2 2.5 20.3 0.07 1.8 26 1665 312 1000 
185 30 15.8 2.5 21.9 0.07 1.8 27 2020 324 1000 
240 34 18.2 2.6 24.5 0.07 1.9 30 2605 360 500 
300 34 20.3 2.8 27.0 0.07 2.0 33 3215 396 500 
400 53 23.0 3.0 30.2 0.07 2.1 36 4065 432 500 
500 53 25.9 3.2 33.7 0.07 2.2 40 5125 480 250 
630 53 29.9 3.2 37.7 0.07 2.3 44 6530 528 250 
800 53 33.8 3.2 41.6 0.07 2.4 48 8255 576 250 

1000 53 39.8 3.2 47.6 0.07 2.6 54 10350 648 250 
1200 - 42.9 3.2 50.7 0.07 2.7 58 11970 696 250 



Phelps Dodge International (Thailand) Limited 
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Spec No.: 3.6/6kV-CU-XL-CT-PE-000 Rev.: 03    Date: 2 Feb 2017 

Table 2 - Electrical data of 3.6/6(7.2) kV CU/XLPE/CTS/PE Single-core Cable 

Nominal 

cross-

sectional 

area 

Maximum 

Rdc of 

conductor  

at 20°C 

Minimum 

insulation 

resistance 

at 20°C 

Capacitance 

of cable 
Rac at 90°C 

Reactance at 50 

Hz 

Positive/Negative sequence 

impedance 

Zero sequence 

impedance 

Short circuit current 

capacity for  1 sec. 

mm² km M -km F/km 
Trefoil 

/km 

Flat* 

/km

Trefoil 

/km

Flat* 

/km

Trefoil 

/km

Flat* 

/km
/km

Conductor  

kA 

Shield 

kA 

35 0.524 750 0.295 0.668 0.668 0.115 0.173 0.565 + j0.115 0.565 + j0.173 5.775 + j0.059 5.0 0.5 
50 0.387 681 0.325 0.494 0.494 0.111 0.169 0.418 + j0.111 0.418 + j0.169 5.268 + j0.055 7.2 0.5 
70 0.268 588 0.376 0.342 0.342 0.104 0.162 0.289 + j0.104 0.289 + j0.162 4.633 + j0.049 10.0 0.7 
95 0.193 523 0.423 0.247 0.247 0.100 0.158 0.208 + j0.100 0.208 + j0.158 4.169 + j0.045 13.6 0.7 

120 0.153 474 0.467 0.196 0.196 0.096 0.154 0.165 + j0.096 0.165 + j0.154 3.824 + j0.043 17.2 0.7 
150 0.124 436 0.507 0.159 0.159 0.094 0.152 0.134 + j0.094 0.134 + j0.152 3.554 + j0.040 21.5 0.7 
185 0.0991 399 0.555 0.1280 0.1273 0.091 0.149 0.107 + j0.091 0.107 + j0.149 3.283 + j0.038 26.5 0.7 
240 0.0754 367 0.602 0.0984 0.0973 0.089 0.147 0.082 + j0.089 0.082 + j0.147 2.929 + j0.036 34.3 0.7 
300 0.0601 359 0.617 0.0795 0.0781 0.087 0.146 0.066 + j0.087 0.066 + j0.146 2.656 + j0.035 42.9 0.9 
400 0.0470 341 0.650 0.0637 0.0619 0.086 0.144 0.052 + j0.086 0.052 + j0.144 2.364 + j0.035 57.2 0.9 
500 0.0366 327 0.677 0.0514 0.0491 0.085 0.143 0.041 + j0.085 0.041 + j0.143 2.132 + j0.034 71.5 0.9 
630 0.0283 289 0.767 0.0421 0.0392 0.082 0.140 0.032 + j0.082 0.032 + j0.140 1.906 + j0.031 90.1 0.9 
800 0.0221 259 0.855 0.0356 0.0320 0.080 0.138 0.026 + j0.080 0.026 + j0.138 1.726 + j0.030 114.5 0.9 

1000 0.0176 223 0.990 0.0311 0.0270 0.078 0.136 0.022 + j0.078 0.022 + j0.136 1.510 + j0.028 143.1 0.9 
1200 0.0151 209 1.060 0.0286 0.0242 0.077 0.135 0.019 + j0.077 0.019 + j0.135 1.418 + j0.027 171.7 0.9 

*For flat laying: distance between center of phase cables is 2xODcable.

Phelps Dodge International (Thailand) Limited 
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Spec No.: 3.6/6kV-CU-XL-CT-PE-000 Rev.: 03    Date: 2 Feb 2017 

Table 3  Current Carrying Capacity of 3.6/6(7.2) kV CU/XLPE/CTS/PE Single-core Cable 

Nominal 

cross-

sectional 

area 

In A ir  Direct Bur ial 

Underg round duct 

(sing le cable in 

each duct) 

mm² 
Trefoil 

A  

Flat 

A  

Trefoil 

A  

Flat 

A  

Trefoil 

A  

Flat 

A  

35 167 210 168 174 147 152 
50 201 252 197 205 174 180 
70 253 317 242 251 213 221 
95 310 388 289 301 255 265 

120 359 450 328 342 290 302 
150 411 513 368 384 325 339 
185 472 591 415 434 368 384 
240 563 704 480 504 428 449 
300 649 812 541 570 484 510 
400 756 947 613 651 550 583 
500 874 1101 692 741 623 668 
630 1011 1290 777 845 702 765 
800 1146 1487 859 950 781 866 

1000 1296 1711 938 1059 856 970 
1200 1388 1853 988 1129 905 1039 

Condition: Ambient air temperature 40 °C, Ground temperature 30 °C, Depth of laying in ground 0.8 m, Thermal resistivity of soil 1.2 K.m/W, 
Distance between phase cables for flat laying is 2xODcable or 2xODduct, Metallic shield is single point bonded. 
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ภาคผนวกท่ี 2.7 
ขั้วต่อสายไฟสำหรับแผงเซลล์แสงอาทิตย์ 

(PV Connectors (MC4)) 
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ภาคผนวกท่ี 2.8 
Ring Main Unit (RMU) 
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ภาคผนวกท่ี 2.9 
Termination Kits 












