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Invitation to Bid No:

C Material, equipment, and specifications for Optical Fiber Overhead Ground Wire (OPGW)

C1 General material and packing instructions

Additional to the general instructions, the foliowing shall be observed :

la Scope
These specifications cover Optical Fiber Overhead Ground Wire (OPGW) for overhead transmission line.

ib Standard
The OPGW shall be manufactured and tested in accordance with following standard:
Institute of Electrical and Electronics Engineers (IEEE)
IEEE 1138-2009 : IEEE standard for testing and performance for optical ground wire (OPGW) for
use on electric utility power lines
IEC 60794-2006 : Optical fibre cables - Part 4-10 : Aerial optical cabies along electrical power lines
- Family specification for OPGW (Optical Ground Wires)
And all other relevant standard, unless otherwisc specified in these specification

PEA will also accept the OPGW tested in accordance with the later edition of the above standards.

1c Principal requirement

ic.l1  Optical fiber characteristic
Optical fiber shall be supplied in accordance with ITU-T Recommendation G.652D with the following
requirements in Table 1.

18P
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Table 1 : Optical Fiber Characteristics

Item No. Description Requirements
1 ‘ Fiber description Zero Dispersion Un-Shifted Single-Mode (ZDUSSM)
2 Optical channel capacity Not less than 12 E
3 Mode field diameter (MFD) @ 1,310 nm 8.6-9.5 lm 0.6 m)
4 Cladding design. Either matched or depressed
5 Cladding diameter 125.0 m (£ 1 pim)
6 Core concentricity error < 0.8 Um
7 Cladding non circularity 2 % maximum
8 Core—cladding concentricity error <0.6 lm
9 | Coating diameter 250 Lbm 15 Lim)
10 " Cladding-coating concentricity error <12 tm
11 Cable attenuation coefficient
@ 1,310 nm <0.35 dB/km
@ 1,383 nm (+ 3 nm) <0.35 dB/km
@ 1,550 nm < 0.25 dB/km
@ 1,625 nm < 0.35 dB/km
12 Macrobend loss @ 1,625 nm < 0.5 dB (Radius 30 mm), (100 turns)
13 Temperature dependence < 0.05 dB (-60 "C 10 +85 °C)
14 Cable cutoff wavelength < 1,260 nm
15 Chromatic dispersion coefficient
Maximum @ 1,550 nm 20 ps/nm x km
Zero dispersion wavelength 1,300 to 1,324nm
Zero dispersion slope | 0.093 ps/(nmzx km) maximum
16 Tensile proof test level (minimum) 100 KPSI (nominal 1% strain or 0.70 GN/m’)
17 | PMD, (M= 20 cables) (Q=0.01%) < 0.2 ps/km'”
18 Maximum allowable temperature for optical | =< 200 °C
fiber in loose tube type OPGW at 1sec
1 Optical fiber cable color coding EIA/TIA 598
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1c.2
1c.2.1

1c.2.2

Optical Fiber Overhead Ground Wire (OPGW)

General

The OPGW shall be used as a transmission medium for communications signals and as a conventional
overhead shield wire along the length of the power transmission line. Since the OPGW forms an
integral part of the power transmission system, it’s electrical and mechanical performance
characteristics shall be as close as possible to those of conventional overhead ground wire with respect
to : sag, tension, dimension, short circuit capacity, life span, etc. The characteristics of OPGW shall be
meets the requirements in Table 3.

The Bidder shall provide a drawing showing a cross-section of the OPGW indicating the dimensions
of each element it contains. The drawing shall provide a clear illustration of the design and make-up of

the fiber optic cable.

Construction
The OPGW shall be composed of two (2) optical fiber tubes, with twelve (12) fiber cores embedded

inside each optical fiber tube, completely surrounded by a cluster of aluminum-clad steel ground wire
conductor strands or combination of aluminum-clad steel wires and aluminum alloy wires. The optical
fiber tubes shall be an aluminum covered stainless steel tube or stainless steel tube with a filling
compound. Each reel of OPGW shall have all finished strand wire with no joint or splice and the lay

. direction of outer layer shall be the right hand lay. The ground wire shall protect the optical fiber unit

from adverse effects by external forces, and from effects of hydrogen contamination by using an
adequate hydrogen-absorbing filling compound. In ordering to give the optical fiber adequate heat
resistance, it shall be reasonably proof to illustrate that the optical fiber meets the requirement in item No.
18 in Table 1. The optical fiber itself shall be manufactured using high grade silica for the cladding,
and doped high grade silica for the core, to provide the required performance.

11|
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Table 2 : Optical Fiber Color Code

Fiber No. Color Fiber No. Color
1 Blue 13 Blue with black stripe
2 Orange 14 Orange with black stripe
3 Green 15 Green with black stripe
4 Brown 16 Brown with black stripe
5 Slate (Gray) 17 Slate (gray) with black stripe
6 White 18 White with black stripe
7 Red 19 Red with black stripe
8 Black 20 Black
9 Yellow 21 Yellow with black stripe
10 Violet 22 Violet with black stripe
11 Rose (Pink) 23 Rose (pink) with black stripe
12 - Aqua 24 | Aqua with black stripe
Example of Optical fiber color code with stripe
- Stripe length approximate 3.0 mm
- Between stripe lengths approximate 150 mm
150mm 3.0mm
Table 3 : OPGW Characteristics
Item No. Description Requirement
1 Ultimate tensile strength kg Stated in “C3 Schedule of
2 Short circuit current capacity (KA)’.sec detailed requirement”
3 Overall diameter mm <140
4 Cross sectional area of conductor mm’ >80
5 Unit weight kg/m <0.60
6 Length per reel m 3,000
7 DC resistance at 20°C CQxm <0.76
8 | Modulus of elasticity ke/mm’ < 15,000
9 Coefficient of linear expansion °¢ <19.0x10°
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1c.2.3

1d

le
le.l

Manufacturing experience
The Bidder shall show evidence that the manufacturer of OPGW has at least three (3) years experience

in supplying OPGW for a minimum of 1,000 km, with similar basic construction to the type being
offered shall be submitted with the bid for consideration.

Packing and shipping
The OPGW shall be furnished on reels of sufficiently sturdy construction to withstand normal

shipping, hauling, and field erection. The size, length, weight, manufacturer’s name or trade mark,
date of manufacture, direction of rolling for each drum, and contract number shall be clearly marked
on the outside of each drum. The OPGW shall be packed to protect it from moisture, salt, or any other
impurities which may cause rust or other harmful effects. Overall outside diameter of reel shall not
exceed 3.0 meters, and outer width not exceeds 2.0 meters shall be submitted with the bid for

consideration shall be submitted with the bid for consideration.

Tests and test reports

Type/Design tests
The OPGW shall be successfully passed type test in accordance with the relevant IEC or IEEE standard.

The type/ design tests shall be conducted or inspected by the acknowledged testing laboratories/institutes
which are members of the Short-circuit Testing Liaison (STL) or independent laboratories/institutes
which are accredited according to TIS 17025 or ISO/IEC 17025 with the scope of accreditation
covered the relevant test items, standards and equipment. The certification and scope of accreditation
of the independent laboratories/institutes shall be submitted with the bid for consideration.

The type/design test reports shall be submitted with the bid.

PEA will-also accept the type/design test reports of one type/design of the OPGW (Item) specified in
“C3 Schedule of detailed requirement” as a representative of the other items.

The cost of all tests and reports shall be borne by the Contractor.
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1e.2

Factory inspection and Acceptance tests
The Contractor shall be provided factory inspection and acceptance tests in accordance with IEC or

IEEE with the following test items:
Communication part :

- Optical fiber attenuation

- Temperature cycle test
Electrical part :

- Tensile strength

- Stress-strain test
The factory inspection and acceptance tests provide for at least three (3) working days to at least three

(3) of PEA's representative.

Number of sample

Number of reels per lot Number of sample for acceptance test

110 100
101 to 200
201 to 300
301 to 400
401 to 50C

More than 501

[= N L [ S B PSR B N T

. The cost of inspection and acceptance tests shall be borne by the Contractor.

C2
2a
2b
2c

Ze
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Material and packing data to begiven by bidder

Guarantee performance data of Optical fibers overhead ground wire (See page 7 of 9)

Guarantee performance data of Fibers optic (See page 8 of 9)

Critical documents of the proposed Optical fiber overhead ground wire (OPGW) (See page 9 of 9)
Detailed calculations to prove the maximum continuous current capacity of OPGW cables

Details catalogues, and/or drawings

I
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Guarantee performance data of Optical fiber overhead ground wire (OPGW)

it

Manufacturer's name -

Country of origin -

Applied standard, publication number and year =

Type / Model / Catalogue No. ;]

Cable construction :

Number of tubes/Number of fiber optic cores per tube tubes/cores

Type of fiber optic unit -

Cross sectional area of conductor mm’

. Center :

Material

Number / Nominal diameter

Layer1:

Material

Number / Nominal diameter

Layer2:

Material

Number / Nominal diameter

Direction of outer layer

Overall diameter mm

DC resistance at 20°C Q/km

Modulus of elasticity kg{mm2

Coefﬁcient of linear expansion °c

Ultimate tensile strength kg

Rated tensile strength ke

Short time fault current, at 1sec kA

Short circuit current capacity (I't) (kA) .sec

Minimum bending radius (without fiber damage) mm

Unit Weight kg/km

Length per reel m
yes

F———
Ts_pﬁeference list of OPGW attaches
Lk
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Guarantee performance data of Fiber optic (G.652D)

Fiber description -
Type =
Optical channel capacity -
Mode Field Diameter (MFD) @ 1,310 nm Hm
Cladding design =
Cladding diameter Hm
{ Coreconcentricity error Hm
Cladding non circularity %
Core—cladding concentricity error Hm
Coating diameter Hm
Cladding-coating concentricity error Hm
: Cable attenuation coefficient
@ 1,310 nm dB/km
@ 1,383 nm (£ 3 nm) dB/km
@ 1,550 nm dB/km
@ 1,625 nm dB/km i
“ Macrobend loss @ 1,625 nm dB
Temperature dependence dB
Cable cutoff wavelength nm
Chromatic dispersion coefficient
Maximum @ 1,550 nm ps/nm x km
Zero dispersion wavelength nm
Zero dispersion slope ps/(nm’x km)
Tensile proof test level (minimum) KPSI
PMD,, (M= 20 cables) (Q= 0.01%) ps/km"”

TSP
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Critical documents of the proposed Optical fiber overhead ground wire (OPGW) shall be

submitted with the bid for each item offered:

Type/Design test certificates and/or test reports,
with detail of the testing laboratories/institutes, of | & YES O ~o
the propose OPGW
Guarantee performance data of tical fibers
| overhead .grjundwire(See page 70f(9))p Q ves B ~o
Guarantee performance data of Fibers optic (See O ves U ~o
page 8 of 9)
Details catalogues, and/or drawings O ves U ~o
Detailed calculations to prove the maximum
continuous current capacity ol;'OPGW cables =} ¥es W o
| Packing detail (see 1d) LI ves U ~o
Customer certificated for showing the Manufacturing |  YES 4 ~o
experience (see 1¢.2.3)
Confirmation letter or authorized letter of sole | J YES O ~o
distributor or authorized representative and have a
permanent office in Thailand
Note:

The bidders who do not submit all critical documents mentioned in the above table with the bid shall be rejected.
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Invitation to Bid No.:

C3 Schedule of detailed requirement

PEA
Item Material Quantity | Description
No.

1 1010100100 km | Optical Fiber Overhead Ground Wire (OPGW), suitable used as a
transmission for communications signals and as a conventiona! overhead
shield wire along the length of the power transmission line, with :

Ultimate tensile strength : not less than 5,000 kg
Short circuit current capacity . not less than 100 (kA)’ sec
2 1010100102 km | Optical Fiber Overhead Ground Wire (OPGW), suitable used as a

transmission for communications signals and as a conventional overhead

shield wire along the length of the power transmission line, with :

Ultimate tensile strength : not less than 8,200 kg ,
Short circuit current capacity : not less than 70 (kA)’.sec

Ve
Note:

1. The Bidders shall be sole distributor or authorized representative and
have a permanent office in Thailand; shall be submitted with the bid for
consideration.,

2. The Bidders have to quote the unit costs. /

I




natwEndugiing

PROOvIeTs, ELAETRICITY AUTIONTY

PROVINCIAL ELECTRICITY AUTHORI

TECHNICAL SPECIFICATION DIVISION

COPY

Specification No.: RCBL-062/2560 ACCESSORIES FOR OPGW

Page 1 of 4

C3 Schedule of detailed requirement

Invitation to Bid No.:

PEA
Item Material Quantity Description
No.
1 1020230003 set(s) | Preformed armor grip suspension set, for install with concrete pole, used
for OPGW, see Drawing No. SA3-015/55001, with :
- Preformed armor grip suspension, overall cable diameter 12 to 14 mm,
minimum vertical failing load 7,000 kgf and slipping load 714 kgf to
1,500 kgf . Preformed suspension rods shall not be less than 1,500 mm in
length, rods per set not less than 11 rods, and diameter of rods not less
than 6.0 mm .
- OPGW support, for concrete pole, overall cable diameter 12 to 14 mm.
2 1020230004 set(s) | Preformed armor grip suspension set, for install with bayonet, used for
OPGW, see Drawing No. SA3-015/55002, with :
- Preformed armor grip suspension, overall cable diameter 12 to 14 mm,
minimum vertical failing load 7,000 kgf and slipping load 714 kgf to
1,500 kgf . Preformed suspension rods shall not be less than 1,500 mm in
length, rods per set not less than 11 rods, and diameter of rods not less
than 6.0 mm .
- OPGW support, for bayonet, overall cable diameter 12 to 14 mm.
3 1020250300 set(s) | Preformed dead-end, used for OPGW, with :
Material : aluminium clad steel
Rods per set : not less than 6 rods
Diameter of rods : not less than 3 mm
Overall length : not less than 1,550 mm
Overall cable diameter 112 to 14 mm
SN S, Holding strength : not less than 4,500 kgf
WEB? Complete with :

PEA

S

II

- Reinforcing rods

- Cross over marked with black colour to indicate starting point
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PEA
Item Material Quantity Description
No.
4 1020300303 set(s) | Concrete pole bonding clamp, used for OPGW, see drawing No. SA3-
015/55003, with :
Overall cable diameter : 12 to 14 mm
5 1010060025 set(s) | Bracket, used for OPGW, see drawing No. SA3-015/55004, with :
Overall cable diameter :12to 14 mm
6 set(s) | 2-Way joint box set, comprising of
1010060026 6.1 _1 set. 2-way joint box, used for OPGW, with :
Housing or cover : stainless steel or aluminium-alloy
Minimum number of cassettes L2
Minimum number of fibers 124
Number of cable entries and exits  : 4, or more
Cable diameter : 12to 14 mm
Minimum Protection sleeves 124
Tests and test reports
The Joint box shall be passed type/design tests in accordance with the
relevant GR-771 (Generic requirements For Fiber Optic Splice
Closures) or YD/T 814.2 (Closure for optical fiber cables Part2 :
Closure for optical fiber composite overhead ground wires) or
equivalent standards.
1010060024 6.2 _1 set. Support joint box, for install with concrete pole, used for OPGW,
with :
Overall cable diameter :12 to 14 mm
Pole range 1 265x265 mm to 350x350 mm
II
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C3 Schedule of detailed requirement

PEA
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PEA
Item Material Quantity Description
No.
7 set(s) | 3-Way joint box set, comprising of
1010060027 7.1 _1 set. 3-way joint box, used for OPGW, with :
Housing or cover : stainless steel or aluminium-alloy
Minimum number of cassettes 12
Minimum number of fibers 124
Number of cable entries and exits  : 5, or more
Cable diameter :12 to 14 mm
Minimum Protection sleeves 136
Tests and test reports
The Joint box shall be passed type/design tests in accordance with the
relevant GR-771 (Generic requirements For Fiber Optic Splice
Closures) or YD/T 814.2 (Closure for optical fiber cables Part2 :
Closure for optical fiber composite overhead ground wires) or
equivalent standards.
1010060024 7.2 _1 set. Support joint box, for install with concrete pole, used for OPGW,
with :
Overall cable diameter : 12 to 14 mm
Pole range : 265x265 mm to 350x350 mm
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C3 Schedule of detailed requirement

| Invitation to Bid No.:

Item

PEA
Material
No.

Quantity

Description

Ol &
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Note :

1.
2.

The bidder has to quote the unit costs.

PEA shall purchase the support joint box in item 6.2 and the 2-way joint
box in item 6.1 from one (1) bidder and/or one (1) manufacturer and shall
purchase the support joint box in item 7.2 and the 3-way joint box in item

7.1 from one (1) bidder and/or one (1) manufacturer.

3. The bidder shall be sole distributor or authorized representative; otherwise

shall not be accepted.

The type test of the preformed armor grip suspension set and preformed
dead-end, the acceptance test of the preformed armor grip suspension set
and preformed dead-end, see ANNEX 1 and ANNEX 2.

The type test reports of the preformed armor grip suspension set and
preformed dead-end shall be submitted with the bid or within fifteen (15)
calendar days after the bid closing date. The Item offered without
submitting the type test reports shall be rejected.

The bidder has to submit catalogues and/or drawings with dimensions in mm.
with the bid.

The bidder has to submit sufficient reference describing the previous
experience of the manufacturer (e.g. list of supply of equipment and/or
materials having the same or similar design as proposed, field experience,
the registration of TISI, the copies of license, and/or the inspection to
supplier's factory by PEA’s inspectors etc.) to the satisfaction of PEA
with the bid.
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PROVINCIAL ELECTRICITY AUTHORITY

TECHNICAL SPECIFICATION DIVISION

PREFORMED ARMOR GRIP SUSPENSION (AGS)

Specification No. RCBL-056/2559 | Approved date: 20/09/2559 Rev. No. : - Form No. 12-3.1 Page 1 of 6

Invitation to Bid No.:

1a

1b

1c
1c.1

I

Material, equipment, and specifications for PREFORMED ARMOR GRIP SUSPENSION (AGS)
General material and packing instructions

Additional to the general instructions, the following shall be observed:

Scope

These specifications cover Preformed Armor Grip Suspension (AGS) for 115 kV overhead line constructions.

Standards
The Preformed Armor Grip Suspension (AGS) shall be made of heat-treated aluminium-alloy Designation

6061 manufactured and tested in accordance with following standards:

American Society for Testing and Materials (ASTM):
ASTM B 211-2009 Aluminum and Aluminum-Alloy Bar, Rod, and Wire

Or Australian/New Zealand Standard:

AS/NZS 1865-1997 Aluminium and aluminium alloys-Drawn wire, rod, bar and strip

And all other relevant standards, unless otherwise specified in these specification.

PEA will also accept the AGS tested in accordance with the later edition of the above standards.

Principal requirement
Characteristic, material and component
The Preformed Armor Grip Suspension (AGS) shall be preformed that they are suitable for right hand lay

bare conductors and shall have characteristics as specified in Table 1.

Table 1

Preformed Armor Grip Suspension (AGS) characteristics

Characteristics Unit Requirement

Range of conductor diameter mm 25.39-25.91

(For supporting of aluminum conductors size 400 mmz)

Number of rods per set - I1orl12

Diameter of each rod

- 11 rods per set mm 7.87£0.1
- 12 rods per set mm 7.62 0.1
Overall length mm not less than 2,030
Minimum failing load kgf not less than 11,340
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The AGS clamp body and strap shall be made from high-strength aluminium alloy. The clamp body shall
be designed so as to maximize heat dissipation from the AGS assembly. The AGS manufactured by sand
casting process shall not be accepted.

The AGS preformed rods shall be rounded end at the end of each rod and center mark with color code.

The AGS insert shall be made of neoprene, suitable for resistance to ozone attack, weathering, high and low
temperature variations, and compression stress. The AGS insert shall have an aluminum stiffener embedded

inside. One set of the AGS shall be consisted of 2 pieces of AGS insert.

Bolt, loclg washer and lock nuts shall be hot-dip galvanized or zinc flake coated steel, and thread diameter
equals S inches or 16 mm (M16) with tolerance + 0.7 mm.

All ferrous metal parts shall be hot-dip galvanized or zinc flake coated, and split pin shall be stainless steel.
The clamp body shall be able to assembly with clevis eye which has eye depth 1% inches suitable for

connecting with 52-3 and 52-8 suspension insulator.

Sample

In case the samples are requested by PEA’s bidding committee, the bidders have to supply at least one
(1) sample of the proposed AGS within fifteen (15) calendar days. The bidders who cannot supply the
samples shall be rejected.

PEA reserves the right to test the sample according to PEA’s testing procedure. In case of the failing test

results, the bidders shall be rejected. The samples will not be returned.

Packing
Each item shall be packed separately in sets or pieces in suitable packages, preferably 100 sets or pieces

per package.

Test and test reports

Type tests

The AGS shall have successfully passed the type tests as the following items;

(1) Visual examination
A visual examination of all fitting samples selected for testing shall be carried out to ascertain
conformity of the fittings, in all essential respects, with the manufacturer’s drawings.

(2) Dimensional and material verification
Verification of the dimensions and materials of all AGS samples selected for testing shall be carried
out to ensure that the fittings are within the dimensional tolerances stated on the manufacturer’s
drawings.
Verification of materials shall normally be carried out by inspection of the manufacturer’s
documentation relative to material purchasing specifications, certificates of conformity or other quality

documentation. The material verification may include tests appropriate to the material specification.
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(€)

(4)

(5)

Hot-dip galvanizing or zinc flake coating

Tests on the hot-dip galvanized coating or zinc flake coating on all fitting samples selected for
testing shall be carried out in accordance ASTM A153 or ISO 1461 or ISO 10683 for all ferrous
metal parts.

Assembly test

The AGS shall be able to assembly with the aluminum conductors size 400 mm’ (diameter range
25.39-25.91 mm) without problem.

Minimum failing load test (Ultimate tensile strength test)

The AGS with the armor rods shall be assembled in accordance with the manufacturer’s instructions
using mandrels on the test rig. A tensile force shall be applied and increased steadily until the fitting
breaks or separates from the mandrel. The direction of force shall be shown in Figure 1 and the

failing load in each direction recorded. The failing load shall be not less than 11,340 kgf.

Figure 1

Load direction for minimum failing load test

The type tests shall be conducted or inspected by the acknowledged testing laboratories/institutes as

following:

(1) Independent laboratories/institutes which are members of the Short-circuit Testing Liaison (STL) or

independent laboratories/institutes which are accredited according to TIS 17025 or ISO/IEC 17025
with the scope of accreditation covered the relevant test items, standards and equipment. The
certification and scope of accreditation of the independent laboratories/institutes shall be submitted

with the bid for consideration.
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(2) Thailand’s national laboratories, institutes, universities and electric utilities, as follows:
- National Metal and Materials Technology Center (MTEC)
- Electrical and Electronic Products Testing Center (PTEC)
- Thai Industrial Standards Institute (TIST)
- Electrical and Electronics Institute (EEI)
- Department of Science Service (DSS)
- Testing Laboratory, Electrical Engineering Department, Faculty of Engineering, Chulalongkorn
University
- Electricity Generating Authority of Thailand (EGAT)
- Metropolitan Electricity Authority (MEA)
- Provincial Electricity Authority (PEA)

- Other laboratories, institutes, universities or electric utilities approved by PEA

In case of the foreign manufacturers having experience of more than twenty (20) years in design,
manufacture and sell the AGS, PEA will accept type test report(s) conducted by the manufacturer’s
laboratory or other independent laboratories without qualification mentioned in (1) or (2). Documents
showing the manufacturer’s experience such as reference list shall be submitted with the bid for

consideration.

The bidders or manufacturers who prefer to carry out the type tests of the AGS with the laboratories or
by manufacturer himself without the qualification mentioned above, the detail of the test facilities of the
laboratories or the manufacturer shall be submitted to PEA for approval before proceeding the tests and
before the bid closing date. PEA reserves the right to send representatives to inspect and witness the tests

with the cost of the bidders or manufacturers.

The type test report done by the laboratories in Thailand or local manufacturers shall be valid within five

(5) years counted from the issued date in the test report to the bid closing date.

The cost of all tests and reports shall be borne by the Contractor.

I
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le.2  Acceptance tests

The proposed AGS shall be passed the acceptance tests which same test items and same procedures as

the type tests specified in 1e.1 Type tests.

The number of samples for the acceptance tests is specified in Table 2.

Table 2

Number of samples for acceptance tests

Number of AGS per lot Number of test sample
(pieces) (pieces)
less than 500 3
501 to 1,000 4
more than 1,000 5

The all samples shall be passed the tests.

The AGS manufacturer shall have a facility for testing all test items of the above acceptance tests.

The costs of all tests and reports shall be borne by the Contractor.

I
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Material and packing data to be given by bidder

The bidders have to submit the following details with the bid:

The following details shall be submitted:

Catalogues and/or drawings with dimensions in mm

Manufacturer’s name or trade-mark

Materials of the AGS

Diameter range in mm of conductor for which the AGS are designed
Colour code

Number of rods per set of the AGS

Diameter of rods in mm

Minimum failing load in kgf

Type test reports

Test certification for Aluminium-alloy Designation 6061

Packing details

Packing method

Number of sets or pieces in each package
Dimensions of each package in cm
Volume of each package in m’

Gross weight of each package in kg

Net weight of each package in kg

Number of packages
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Required document for technical evaluation

Critical documents which have to submit with the bid

(Please fill/check the boxes in each item.)

Item Description of document Confirmation Reference
(Page No./folder)
1 The type/design test report [dves [dNo
2 Test certification for Aluminium-alloy Designation 6061 [dves [dNo
3 Catalogues and/or drawings with dimensions [dves [No
4 | Packing detail [dyves [nNo

II
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C3 Schedule of detailed requirement

Invitation to Bid No.:

PEA
Item Material Quantity Description
No.
1 1020230001 set(s) | Preformed Armor Grip Suspension (AGS), for supporting of aluminium

conductors size 400 mm” (diameter range 25.39 mm -25.91 mm).

II
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Optical Fiber Cable Network {Outside plant) Specifications

Specifications No.: COD-OFC-ADSS-G652D01
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Specifications No.: CDD-OFC-ADSS-G652D01
TECHNICAL SPECIFICATION

1. General
This specification covers the requirement for the supply of the loose tube type ,

single mode optical fiber aerial cable (ADSS type). The fibers are generally based on
[TU-T Rec. G.652.D

The cable shall retain the optical properties, detailed in the present specification,
over the following condition.

Ambient &ir tempetature : up to 50 °C

Relative humidity, non-condensing up to 95 %

2. CABLE specifications

2.1 Optical Fiber Characteristics:

2.1.1 Physical characteristics
~ ZDUSSM requirements are defined :

Fiber Description Zero Dispersion Un-Shifted Single-Mode
(ZDUSSM) (Dual Window) ITU-T G.652.D

Optical Channel Capacity Not less than six

Mode Field Diameter (MFD) @ 1,310 nm 8.6 - 9.5 Um (£ 0.7 [im)

Cladding Design : | | Either matched or depressed

Cladding Diameter 125.0 dm (£ 1 pm)

Core: concentricity error <08 m

Cladding non circularity | | 2 % maximum

Core-Cladding Concentricity Error < 0.6 Um

Coating Diameter 250pm ( + 15 um)

Cladding-Coating Concentricity Error <12 Um
Cable Attenuation Coefficient
@ 1,310 nm <0.35 dB/km
@ 1,383 nm (= 3 nm) < 0.35 dB/km
@ 1,550 nm < 0.25 dB/km
@ 1,625 nm < 0.35 dB/km
Macrobend loss @ 1,625 nm < 0.5 dB (Radius 30 mm), (100 turns)
Temperature Dependence < 0.05 dB (-60 °C to +85 °C)
Cable Cutoff Wavelength < 1,260 nm
Chromatic Dispersion Coefficient
Maximum @ 1,550 nm 20 ps/nm x km
naﬂqanuw%auuéams g\} e Page 1 of 8
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Optical Fiber Cable Network (Outside plant) Specifications

Specifications No.: CDD-OFC-ADSS-G652D01

Zero Dispersion Wavelength 1,300 to 1,324 nm

Zero Dispersion Slope 0.093 ps/(nmzx km) rmaximum
Tensile Proof Test Level (minimum) 100 KPS! (nominal 1% strain or 0.70 GN/m’)
PMD, (M= 20 cables) (Q= 0.01%) < 0.2 ps/ km'?

2.1.2 Attenuation variation
The attenuation coefficient between 1,285 nm and 1,330 nm shall not
exceed the attenuation coefficient at 1,310 nm by more than 0.1 dB/km.
The attenuation of the fiber shall be distributed uniformly throughout its
length such that there are no point discontinuities in excess of 0.1 dB.

2.2 Optical fiber cable characteristics
The design of the Optical fiber cable shall account for the varying operating and
environmental conditions that CABLE shall experience while in service.

2.2.1 Optical fiber identification
Fiber units shall be identifiable TIA/EIA-598-A color-coding scheme, as
presented in Table 1 Optical Fiber Color Code. The color coding system shall
be discernible throughout the design life of the cable.
Table 1 Optical Fiber Color Code

1. Blue ' 7. Red
1 2. Orange 8. Black

3. Green 9. Yellow

4. Brown 10. Violet

5. Slate (Gray) 11. Rose (Pink)
| 6. White 12. Aqua

Coloring utilized for color coding optical fibers shall be integrated into the
fiber coating and shall be homogenous. The cotor shall not bleed from one
fiber to another and shall not fade during fiber preparation for termination or
splicine.

Each cable shall have trace-ability of each fiber back to the original fiber

manufacturer's fiber number and parameters of the fiber.

If more than the specified number of fibers are included in any cable, the
spare fibers shall be tested by the cable manufacturer and any defective
fibers shall be suitably bundled, tagged and identified at the factory by the

vendor.
nstEBNKUUTEULUHBENS g\gg w3 Page 2 of 8
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Optical Fiber Cable Network (Outside plant) Specifications

Specifications No.: CDD-OFC-ADSS-G652001

222

Buffer tube
Loose tube buffer construction shall be implemented. Contractor shall
provide documentation supporting their selection of buffer tube

construction. The individually coated optical fiber(s) shall be surrounded by
a buffer for protection from physical damage during fabrication, installation
and operation of the cable. The fiber coating and buffer shall be strippable

for splicing and termination.

® Byffer tubes:
A buffer tube shall be sleeved over multiple fibers forming a fiber unit.
A fiber unit shall consist of fibers as table 2. Each fiber unit shall be
individually identifiable utilizing the color code presented in Table 1.
If loose tube buffer construction is provided, buffer tubes shall be
filled with a water-blocking gel.

Table 2 Cable Structure

Number of Fibers 12 Cores | 24 Cores | 48 Cores
| Number of loose tubes 2 q a

Fibers per loose tubes 6 6 12

Number of Filler(s) 3 ' 1 1

® Fiber units:
All fibers contained in a fiber unit shall be identical in construction and
optical performance. There shall be no mixture of ZDUSSM and
NZDSSM type fibers within a fiber unit nor shall there be a significant

range in their performance.

2.2.3 Cable materials

The materials used for CABLE construction, shall be in accordance with Table 3,
Fig. 1 and Fig. 2.

Table 3 Construction of Cable

Number of fibers 12/ 24 Cores 48 Cores
Loose tube Material PBT (Polybutylene Terephthalate)
Filling compound in loose Material Thixotropic jelly

tube

Filler Material Polyethylene

Central strength member Material FRP (Fiberglass Reinforce Plastic)

nENBBnIUUSTUURaAS
fedoansusrinsauina
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Optical Fiber Cable Network (Outside plant) Specifications
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Cable core filling compound | Material Non-toxic homogenius waterproofing gel or
Dry core technology, water blocking yarmn

Core Wrapping Material Water blocking tape or jelly

Ripcord 1 Material Polyester cord or Aramid cord

Inner sheath Material | Black polyethylene
Thickness | Min. 0.9 mm

Reinforcement | Material Aramid Yam

Ripcord 2 Material Polyester cord or Aramid cord

Cable jacket Material UV-proof high density black polyethylene
Thickness | Min. 1.3 mm

Cable diameter

Approx. 13.0 mm | Approx. 14.0 mm

TN e @il fiber

Filling.compound

Logse tube

Fig. 1 Cross section of Loose tube

Jacket construction
The jacket shall be black, smooth, concentric, and shall be free from holes, splits,
blisters and other surface flaws. The jacket shall be extruded directly over the
stranded buffer tube core and shall also be non-hygroscopic

o
nENeBNLUUIYULABETT
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Specifications No.: CDD-OFC-ADSS-G652001

Optical Fiber

Thixotropic Jelly Compound
Loose Tube

Filling Compound

Core Wapping

Strength Member
Filler

inner Sheath

- Reinforcement

- Quter Sheath

Ripcord

Fig.2 Cross-section of optical fiber cable

2.2.6 Cable Characteristics

The cable characteristics shall be in accordance as following ;

® Tensile Loading
Test Method
Test Length
Tensile Loading
Period

Criteria

® Impact Resistance
Test Method
Impact Energy
Number of Cycle
Radius of Hammer Head
Impact Rate

Criteria

[EC 60794 -1 - 2 - E1A

100 - 200 m

3,600 N

1 Hour

- Attenuation change before, during and after testing shall

- not exceed .05 dB @ 1550 nm and no physical damage.
- A fiber strain shall not be greater than 0.33% during and
after testing

TIA / EIA - 455 - 25B
According to Table 1 in TIA / EIA - 455 - 25B
At teast 20 cycle at the same place
12.5 mm. (24 and 48 core),10 mm. (12 core)
< 2 sec/cycle
- Attenuation change during and after testing shall

- not exceed 0.1 dB @ 1550 nm and no physical damage.

nasveniuussyuioas
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Optical Fiber Cable Network (Outside plant) Specifications

Specifications No.: CDD-OFC-ADSS-G652D01

@ Compression/Crush Test

Test Method
Test Length
Load
Position
Period

Criteria

® (able Bending Test
Test Method
Mandrel Diameter
Number of Cycles

Criteria

® Twist/Torsion Test
Test Method
Test Length
Number of Cycle
Twist Rate
Angle of Turn

Criteria

IEC 60794 -1-2-E3
100 mm
2,200 N

At least 3 time at 3 places where not less than 500 mm apart

At least 10 min. each
- Attenuation change during and after testing shall

- not exceed 0.1 dB @ 1550 nm and no physical damage.

IEC 60794 - 1-2-E11B
20 x D ( D is outer cable diameter)
At least 10 cycle
- Attenuation change during and after testing shall

- hot exceed 0.1 dB @ 1550 nm and no physical damage.

EC 60794 -1-2-E7

1m

At least 10 cycle

< 1 min./cycle

+ 180 °

- Attenuation change during and after testing shall

- not exceed 0.1 dB @ 1550 nm and no physical damage.

® Water Penetration Test

Test Method
Height of Water
Test Length
Period

Criteria

TIA/ EIA - 455 -82B or IEC 60794 -1 -2 - F5
Im
1-3m

1 Hour

At the end of 1 hour period , no water shall have leaked from

the opposite end of the cable.
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Optical Fiber Cable Network (Outside plant) Specifications

Specifications No.: CDD-OFC-ADSS-G652D01

3.3 Cable drums
All optical fiber cabling shall be supplied on strong drums provided with lagging of

adequate strength, constructed to protect the cabling against all damage and
displacement during transit, storage and subsequent handling during installation.
Both ends of the cable shall be sealed as to prevent the escape of filling

compounds during shipment and handling.

Standard drum lengths shall be not less than 4,000 meters (with tolerance of 2 %)
or any requested length.

nesepnuUUsEUUdeas b\g,w( Page 8 of 8
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Invitation to Bid No.:

C

C1

la

1b

1c
lc.d

1c.2

Material, equipment, and specifications for COMPOSITE SUSPENSION INSULATORS FOR
115 kV OVERHEAD TRANSMISSION LINE

General material and packing instructions

In addition to the general instructions, the following shall be observed:

Scope

These specifications cover composite suspension insulators for 115 kV overhead transmission line.

Standards

The composite suspension insulator shall be manufactured and tested in accordance with the following
standard:

International Electro technical Commission (IEC)

IEC 61109 - 2008  Composite insulators for a.c. overhead lines with nominal voltage greater than

1000 V — Definitions, test methods and acceptance criteria
And all other relevant standards, unless otherwise specified in these specifications.

PEA will accept the design and type test reports in accordance with the later edition of the above

standards.

PEA will also accept the design and type test report in accordance with the previous edition of the
above standards, if there is no significant change in any test items or no additional test item(s)
compared with the above standards. On the other hand, if there is significant change in any test items or
there are any additional test items, the previous edition design and type test report with the additional

test report(s) of the significant change test item(s) and/or additional test item(s) will be also accepted.

Principal requirement
Service conditions and installation

The composite suspension insulator shall be designed and constructed for outdoor installation, and

suitable for operation under the following conditions:

Altitude :upto 1,000 m above sea level
Ambient air temperature :  upto 50°C

Average relative humidity in any one year :  upto 94%

Climatic condition . tropical climate

Constructional requirements
The composite suspension insulator shall consist of a core, housing (sheath), weather sheds (sheds)

and metal end fittings.
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The core of the insulator shall be fiberglass reinforced resin rod of high strength and resistant against

The core shall be covered by housing in order to provide resistance against environmental influences,
UV radiation, external pollution and humidity.

The housing shall be made of High Temperature Vulcanized (HTV) silicone rubber.

The sheds shall be of uniform or alternating diameters. Smooth or under ribbed sheds are acceptable.
The design of shed profiles shall be applied according to the recommendations of IEC 60815.
The sheds shall be made of High Temperature Vulcanized (HTV) silicone rubber.

All parts of the insulating body, i.e. core, housing (sheath) and weather sheds (sheds), shall be bonded
together by High Temperature Vulcanized (HTV).

The end fittings shall be of forged steel or malleable cast iron. The gap between fitting and housing

shall be preferably sealed by an elastomer with permanent elasticity.

All ferrous parts, other than stainless steel, shall be galvanized according to ASTM A153.

1c.2.1 Core

acid attacks.
1c.2.2 Housing (sheath)
1c.2.3 Weather sheds (sheds)
1c.2.4 End fittings
1c.3 Characteristics

The composite suspension insulator shall have the following characteristics:

Suspension Dead-end Dead-end
Characteristics Unit
installation installation installation
Mechanical values
- Specified mechanical load (SML), minimum kN 110 110 220
- Routine test load (RTL), minimum kN 55 55 110
Dimensional values
- Leakage distance, minimum mm 3,810 3,810 3,810
- Nominal section length
- minimum mm 1,100 1,500 1,500
- maximum mm 1,200 1,600 1,600
Electrical values
- Wet power-frequency withstand voltage kV, rm.s. 230 230 230
- Dry lightning impulse withstand voltage kV, peak 550 550 550
End fittings
- Tower (or arm) end fitting - Y-Clevis with bolt, Y-Clevis with bolt,
nut and cotter pin nut and cotter pin
- Line end fitting - Ball (ANSI 52-5) Ball (ANSI 52-11)

111




PROVINCIAL ELECTRICITY AUTHORITY

TECHNICAL SPECIFICATION DIVISION

COMPOSITE SUSPENSION INSULATORS FOR 115 kV OVERHEAD TRANSMISSION LINE

Specification No.: RINS-003/2561

111

1c4

1c.5

1c.6

1d

Manufacturing experience

The manufacturer shall give evidence about his long term experience in manufacturing composite
insulators. A manufacturing experiences of at least ten (10) years of composite insulators for using in
system voltages of 115 kV or higher is required. The manufacturer shall submit a supplying list

indicating country, name of customer, system voltage and year of delivery with the bid.

Marking

Each composite suspension insulator shall be clearly and indelibly marked as follows:
- Manufacturer’s name or trademark

- Year of manufacturer

- Specified mechanical load

- Routine test load (identified by the word “RTL”)

- PEA’s contract number

Samples

The bidders have to supply two (2) samples of each type of composite suspension insulator within five
(5) working days counted from bid closing date. The bidders who cannot supply the requested samples
shall be rejected.

PEA reserves the right to test the samples according to PEA’s testing procedure. In case of the failing

test results, the bidders shall be rejected.
The samples shall not be returned.

Packing
Each item of the composite suspension insulator shall be seaworthy packed in export packages in sets

or pieces.

If the package is made of rubber wood (Yang-para or Heavea brasiliensis), the wooden parts shall be

treated with wood preservative. The details of wood treatment shall be described.

Plastic foam shall not be accepted.

Approved date : 11/06/2561 Rev. No.: 3 Form No. 01-7 Page 3 of 10
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le

le.l

Tests and test reports
The composite suspension insulator shall be passed the manufacturer’s standard routine tests, and also
passed the routine tests in accordance with the relevant IEC standard. The list of routine tests shall be

submitted with the bid

Design test

The composite suspension insulator shall be successfully passed design tests in accordance with the

relevant [EC standard by the following item:

a) Sudden load release pre-stressing

b) Thermal-mechanical pre-stressing

¢) Water immersion pre-stressing

d) Verification tests

e) Visual examination

f) Steep-front impulse voltage test

g) Dry power-frequency voltage test

h) Hardness test

i) Accelerated weathering test

j)  Tracking and erosion test

k) Flammability test

1) Dye penetration test

m) Water diffusion test

n) Determination of the average failing load of the core of the assembled insulator

0) Control of the slope of the strength-time curve of the insulator

The design tests are valid for the particular design which have all the following characteristics:

- same materials for the core and housing and same manufacturing method

- same material of the fittings, the same connection zone design, and the same housing-to-fitting
interface geometry

- same or greater minimum layer thickness of the housing over the core (including a sheath where used)

- same or smaller stress under mechanical loads

- same or greater diameter of the core

- equivalent housing profile parameters
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le.2 Type test

The composite suspension insulator shall be successfully passed type tests in accordance with the

relevant [EC standard by the following item:

a) Dry lightning impulse withstand voltage test

b) Wet power-frequency withstand voltage test

The electrical type tests are valid, the proposed composite insulator shall have the same characteristics

as following:

- arcing distance

- creepage distance

- shed inclination

- shed diameter

- shed spacing

¢) Damage limit proof test and test of the tightness of the interface between end fittings and insulator
housing

The mechanical type tests are valid, the proposed composite insulator shall have the same

characteristics as following:

- maximum SML

- core diameter

- method of attachment and coupling design

le.3  Testing laboratories
The design and type tests shall be conducted or inspected by the acknowledged testing
laboratories/institutes as following:
(1) Independent laboratories/institutes which are members of the Short-circuit Testing Liaison (STL)
or independent laboratories/institutes which are accredited according to TIS 17025 or ISO/IEC
17025 with the scope of accreditation covered the relevant test items, standards and equipment.
The certification and scope of accreditation of the independent laboratories/institutes shall be

submitted with the bid for consideration.

111
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(2) Thailand’s national laboratories, institutes, universities and electric utilities, as follows:
- National Metal and Materials Technology Center (MTEC)
- Electrical and Electronic Products Testing Center (PTEC)
- Thai Industrial Standards Institute (TISI)
- Electrical and Electronics Institute (EEI)
- Department of Science Service (DSS)
- Testing Laboratory, Electrical Engineering Department, Faculty of Engineering, Chulalongkorn
University
- Electricity Generating Authority of Thailand (EGAT)
- Metropolitan Electricity Authority (MEA)
- Provincial Electricity Authority (PEA)

- Other laboratories, institutes, universities or electric utilities approved by PEA

In case of the foreign manufacturers having experience of more than twenty (20) years in design,
manufacture and sell the composite insulators for using in system voltages of 115 kV or higher, PEA
will accept design and type test report(s) conducted by the manufacturer’s laboratory or other
independent laboratories without qualification mentioned in (1) or (2). Documents showing the

manufacturer’s experience such as reference list shall be submitted with the bid for consideration.

The bidders or manufacturers who prefer to carry out the type and design tests of the composite
insulators with the laboratories or by the manufacturer themselves without the qualification mentioned
above, the detail of the test facilities of the laboratories or the manufacturer shall be submitted to PEA
for approval before proceeding the tests and before the bid closing date. PEA reserves the right to send

representatives to inspect and witness the tests with the cost of the bidders or manufacturers.

The design and type test report done by the laboratories in Thailand or local manufacturers shall be

valid within five (5) years counted from the issued date in the test report to the bid closing date.




PROVINCIAL ELECTRICITY AUTHORITY

TECHNICAL SPECIFICATION DIVISION

COMPOSITE SUSPENSION INSULATORS FOR 115 kV OVERHEAD TRANSMISSION LINE

Specification No.: RINS-003/2561 Approved date : 11/06/2561 Rev. No.: 3 Form No. 01-7 Page 7 of 10

111

led

1f

Design and Type test reports

The bidders have to submit the design and type test reports and/or design and type test certificates of

the composite insulators with the bid. The design and type test reports/certificates will be sent to

Engineering Department for approval.

PEA will also accept other documents or other conditions instead of the design and type test reports

and design and type test certificates in the following conditions:

(1) In case the proposed composite insulators has been supplied to PEA and get the order from PEA’s
Procurement Department (from PEA’s head office), the Purchase Order (PO) can be submitted, or

(2) In case the proposed composite insulators has been registered for PEA Product Acceptance, the not-
expired registration certificate counted to the bid closing date can be submitted, or

(3) In case the proposed composite insulators has been registered for Product lists for substation
turnkey project, the not-expired registration certificate counted to the bid closing date can be
submitted instead

However the document in case (1) and (2) shall be proved that the composite insulators specified in

the PO or registration certificate shall be the same product, type/model and all ratings as the proposed

composite insulators for this bid and shall be used the same PEA’s specification number. In case (3),

the composite insulators specified in the registration certificate shall be the same product, type/model

and all ratings as the proposed composite insulators for this bid.

The cost of all tests and reports shall be borne by the Bidders/Manufacturer/Contractor.

Acceptance test
The acceptance test shall be accordance with IEC 61109.
PEA reserves the right to have an acceptance test made by PEA’s laboratory or acknowledge

independent testing laboratories.
The cost of all tests and reports shall be borne by the Contractor.

After the tests, the additional composite insulators shall be supplied by the Contractor with free of
charge to compensate the samples which are tested in the destructive test with the same amount of the

samples.
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C2 Material and packing data of the composite suspension insulator

The following guarantee performances and details shall be submitted with the bid:

2a Design data and guarantee of the proposed composite insulators:

Proposed data

Characteristics Unit Suspension Dead-end Dead-end

installation installation installation

Mechanical values

- Specified mechanical load (SML), minimum kN
- Routine test load (RTL), minimum kN

Dimensional values

- Leakage distance, minimum mm
- Nominal section length
- minimum mm

- maximum mm

Electrical values

- Wet power-frequency withstand voltage kV, r.m.s.

- Dry lightning impulse withstand voltage kV, peak

End fittings

- Tower (or arm) end fitting -

- Line end fitting -

2¢ Detailed drawing(s) with dimensions and tolerances in mm

2b Packing details
- Packing method (shown by drawing), and describe packing materials, details of wood treatment for
rubber wood package)
- Number of sets or pieces in each package
- Dimensions (length x width x height) of each package in cm
- Volume of each package in m’
- Gross weight of each package in kg
- Net weight of each package in kg
- Number of packages
- Type of storage facility required (indoor/outdoor)

111
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Note: Conditions for documentation and consideration
1. The Contractor has to supply documents as follows:
(1) One (1) set of instruction book for installation and maintenance shall be packed together
with each package in English and Thai.
(2) Reports of type and design tests and routine tests shall be sent to the Authority, thirty (30)

calendar days before the first shipment, at the following address:

Technical Specification Division
Engineering Department
Provincial Electricity Authority (PEA)
200 Ngam Wong Wan Road, Chatuchak
Bangkok Metropolis 10900
Thailand

2. The Contractor has to guarantee the quality of the composite suspension insulator for three (3)
years commencing from the date PEA receive the composite suspension insulator.
During the guarantee period, the Contractor shall replace the defective composite suspension
insulator for free of charge or shall pay an amount equal to the exact purchasing value for the
defective quantity of the composite suspension insulator.

3. Delivery time is one of the important factors to be considered.

111
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Critical documents of the proposed composite suspension insulator shall be submitted with the bid as follows:

Item Description of document Confirmation Reference
(Page No./folder)
1 Manufacturing experience [Jves [no
2 List of routine tests [Jyves [nNo
3 Design and Type test report and/or test certificate or [Jves [dno
The copy of previous Purchase order (if any) or [Jves [No
PEA Product Acceptance certificate (if any) or |:| Yes D No
Product lists certificate (if any) [Jves [No
4 Design data and guarantee of the proposed composite
[Jves [nNo
insulators
5 Detailed drawing(s) with dimensions and tolerances in mm D Yes |:| No
6 Packing details [Jves [no
Note: The bidders who do not submit all critical documents mentioned in the above table with the bid

111

will be rejected.




N4

nlwsndrugiine

PROVINCIAL ELECTRICITY AUTHORITY

TECHNICAL SPECIFICATION DIVISION

Specification No. RINS-003/2561 : COMPOSITE SUSPENSION INSULATORS FOR 115 kV Page 1 of 1

C3 Schedule of detailed requirement

Invitation to Bid No.:

PEA
Item Material Quantity Description
No.
1 1030020100 set(s) | Composite suspension insulator, for 115 kV transmission line, suspension
installation, with:
Specified mechanical load (SML), minimum  : 110 kN
Nominal section length : 1,100-1,200 mm
2 1030020101 set(s) | Composite suspension insulator, for 115 kV transmission line, dead-end
installation, with:
Specified mechanical load (SML), minimum  : 110 kN
Nominal section length : 1,500-1,600 mm
3 1030020103 set(s) | Composite suspension insulator, for 115 kV transmission line, dead-end

III

installation, with:
Specified mechanical load (SML), minimum  : 220 kN

Nominal section length : 1,500-1,600 mm
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