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MAHARASHTRA STATE ELECTRICITY DISTRIBUTION COMPANY 

TECHNICAL SPECIFICATION FOR 63 kVA & 100 kVA, 11/0. 433 & 22/ 0.433 kV THREE 
PHASE DISTRIBUTION TRANSFORMERS WITH MERTERING UNIT  ON L.V. SIDE 
WITH 63KVA/ 100KVA L.T.DISTRIBUTION BOX (with MCCB  )  

 

1 Scope:- 

1.1 This specification covers design, manufacturing, testing and delivery of the oil immersed, 
Oil Natural (ON) with Completely Self Protected feature, outdoor type, three phase, 50 Hz, 
11 kV and 22 kV Distribution Transformers of ratings 63 kVA and 100 kVA WITH 
MERTERING UNIT ON L.V. SIDE WITH 63KVA/ 100 kVA L.T .DISTRIBUTION 
BOX (with MCCB) . 

1.2 The equipment offered shall be complete with all parts necessary for their effective and 
trouble-free operation. Such parts will be deemed to be within the scope of the supply 
irrespective of whether they are specifically indicated in the commercial order or not. 

1.3 It is not the intent to specify herein complete details of design and construction. The  
equipment offered shall conform to the relevant standards and  be of high quality, sturdy, 
robust and of good design and workmanship complete in all respects and  capable to 
perform continuous and satisfactory operations in the actual  service  conditions at site and 
shall have sufficiently long life in service as per statutory requirements.  

1.4 The design and constructional aspects of materials shall not withstanding any anomalies, 
discrepancies, omissions, in-completeness, etc. in these specifications and will be subject to 
good engineering practice  in conformity with the required quality  of the product, and to  
such tolerances, allowances and requirements for  clearances etc. as are necessary by virtue 
of various stipulations in that respect in the relevant  Indian  Standards, IEC standards, I.E. 
Rules, I.E. Act and other statutory provisions. 

1.5 The Bidder/supplier shall bind himself to abide by these considerations to the entire 
satisfaction of the purchaser and will be required to adjust such details at no extra cost to 
the purchaser over and above the tendered rates and prices. 

1.6 Qualifying Requirements: 

ONLY DISTRIBUTION TRANSFORMER MANUFACTURER CAN QUOTE 
AGAINST THIS SPECIFICATION. The supplier should supply meters from original 
manufacturer of static LTCT Operated TOD Meter. In case of Foreign Manufacturer, they 
should have all the testing facilities in India and meters bear ISI mark. For supplied 
distribution boxes supplier shall have proven experience of manufacturing of similar 
products and shall be capable of supplying minimum 5000 Boxes per month and have an 
agreement with component manufacturers for bought out items. 

1.7 Tolerances:    

The tolerance of guaranteed performance figures shall be as specified in the (Part-I) table 7 
of latest issue of IS 2026 or relevant International Standard except wherever specified 
otherwise in this specification. 

2 System Particulars:- 



   

The transformers shall be suitable for outdoor installation with following system particulars 
and they should be suitable for service under fluctuations in supply voltage as permissible 
under Indian Electricity Rules  

2.1 Nominal System Voltage   : 11 kV or 22 kV 

2.2 Corresponding Highest System Voltage : 12 kV or 24 kV 

2.3 Neutral earthing        : Solidly earthed 

2.4 Frequency               :  50 Hz with ±3 % tolerance 

2.5 Number of Phase         :  3 

3 SERVICE CONDITIONS:  

3.1 Equipment supplied against the specification shall be suitable for satisfactory operation 
under the following tropical conditions:- 

i Max. ambient air temperature           :   50 Deg. C 

ii  Max. relative humidity                    :  100 % 

iii  Max. annual rainfall     :  1450 mm 

iv Max. wind pressure                        :  150 kg/sq.m. 

v Max. altitude above mean sea level   :  1000 mtrs. 

vi Isoceraunic level                         :  50 

vii  Seismic level(Horizontal acceleration) :  0.3 g. 

viii  Climatic Condition  Moderately hot and humid 
tropical climate conducive to 
rust and fungus growth. 

ix Reference Ambient Temperature for   
temperature rise                           :  50 Deg C 

3.2 The climatic conditions are prone to wide variations in ambient conditions and hence the 
equipment shall be of suitable design to work satisfactorily under these conditions. 

 

4 APPLICABLE STANDARDS:- 

 

4.1 The design, manufacture and performance of the equipment shall comply with all currently 
applicable statutes, regulations and safety codes.      

Nothing in this specification shall be construed to relieve the bidder off his responsibilities. 

4.2 The Distribution Transformers shall conform to IS: 2026 as amended up to date or other 
International Standards for equal or better performance.  

4.3 Unless otherwise specified, the equipment offered shall conform to latest applicable Indian, 
IEC, British or U.S.A. Standards and in particular, to the following:-  

a.  IS 2026(Part I,II,IV)/1997, (Part-
III)/1981, (Part-V)/1994 

Power Transformer 



   

b.  IS:1180/1989 (Part-1) Outdoor type, Three phase distribution 
transformers up to and including 100 
kVA, 11KV 

c.  IS:335/1993 New insulating oil- Specification (fourth 
revision)  

d.  IS:2099/1986, IS: 7421-1988, 
IS:3347 (Part-I /Sec-2)-1979, 
IS:3347 (Part-I /Sec-1)-1982 
amended up to date 

Bushing 

e.  IS 5 Colours for ready mixed paints and 
enamels. 

f.  IS 13730 (Part-27)1996 Specification for particular types of 
winding wires. 

g.  IS 13779/1999(amended up to 
date) 

Specification for LT CT operated  Static 
TOD Meters  

h.  IS: 2705 (part-I)/1992 amended 
upto date  

Specification for Current Transformer 

i.  IS: 2147 latest Degree of protection provided by 
enclosures for low voltage switchgear & 
control gear.  

j.  IS: 3073/1974, IS: 3070( Part-II)  Specifications for L.A’s 

k.  CBIP Publication No.295:2006 Manual on transformers 

 

4.4 In case of conflict arising out due to variations between the applicable standard and the 
standards specified herein the provisions of this specification should prevail. 

5 Specific Technical requirement: 

5.1 Standard kVA Ratings:- 

The standard ratings for transformer shall be 63 kVA, 100 kVA. 

5.2 Nominal voltage ratings 

i Primary voltage : 11 kV/ 22 kV 

ii  Secondary voltage      : 0.433 kV 

 

5.2.1 Winding connections:- 

 i. H.V. Winding  : Delta (� ) 

 ii. L.V. Winding  : Star (Y) 



   

The neutral of the L.V. winding shall be brought out to a separate insulated terminal. The 
voltage group shall be Dyn-11.   

5.3 Temperature Rise: 

i The temperature rise for top oil over an ambient temperature of 50° C should be 
35°C maximum (measured by thermometer in accordance with IS 2026 or relevant 
International Standard). i.e. Max. Temp. of top oil shall not exceed 85 °C. 

ii  Temperature rise for winding over an ambient temperature of 50° C should be 40° 
C maximum (measured by resistance method in accordance with IS 2026 or 
relevant International Standard). i.e. Max. Temp. of winding shall not exceed 90°C. 

5.4 No load voltage ratio:- 

The no load voltage ratio shall be 11000/433 Volts or 22000/433 Volts. 

6 Design & construction 

6.1 Core  

i The core shall be stacked/ wound  type  

a) For Stack core :- The core shall be of high grade cold rolled grain oriented 
(C.R.G.O) annealed steel lamination having low loss and good grain properties, 
coated with hot oil proof insulation, bolted together to the frames firmly to 
prevent vibration or noise. All core clamping bolts shall be effectively insulated. 
The complete design of core must ensure permanency of the core losses with 
continuous working of the transformers.  

b) For Wound core  :-   

The core shall be ‘C’ type construction of high grade cold rolled  grain oriented 
(C.R.G.O.) annealed steel lamination having low loss and good grain properties, 
coated hot oil proof insulation or Amorphous core material. The complete design of 
core must ensure permanency of the core losses with continuous working of the 
transformers. The core material shall not be brittle in case of CRGO material. 

Core clamping for C.R.G.O./Amorphous Wound core type transformers shall be as 
follows: 

1. Core clamping shall be with top and bottom U- shaped core clamps made of 
sheet steel clamped 

2. M.S. core clamps shall be painted with oil-resistant paint. 

3. Suitable provision shall be made in the bottom core clamp / bottom plate of the 
transformer to arrest movement of the active part. 

4. Core shall be clamped by Magnus strap of 19 mm width. 

ii  The grade of core laminations shall be M4 or better.  

 



   

The successful bidder, shall be required to submit the manufacturer’s test report 
showing the Watt Loss per kg and the thickness of the core lamination, to ascertain 
the quality of Core materials. 

The purchaser reserves the right to get sample of the core material tested at any 
Government recognized laboratory.  

iii  The transformer core shall not be saturated for any value of V/f ratio to the extent of 
112.5% of the rated value of V/f ratio (i.e. 11000/50 or 22000/50) (due to combined 
effect of voltage and frequency) up to 12.5% without injurious heating at full load 
conditions and will not get saturated.  The bidder shall furnish necessary design 
data in support of this situation. 

iv Flux density:- 

Flux density should not be more than 1.55 Tesla at the rated voltage and frequency. 
The value of the flux density allowed in the design shall be clearly stated in the 
offer along with graph. 

v The No load current at rated voltage shall not exceed the percentage given in Table 
below.  

Sr. 

No. 

kVA 

Rating 

At Rated Voltage                          At 112.5 % Rated 
Voltage 

1 63 3%  of the full load 
current in LT winding  

6 %  of the full load 
current  

2 100 2.5 %  of the full load 
current in LT winding  

5 %  of the full load 
current  

vi Number of steps of core shall be minimum of  

For 63  kVA 5 standard steps 

For 100 kVA 5 standard steps 
 

6.2 Winding:- 

i Materials:   

Double paper covered Aluminium conductor shall be used for HV and LV winding 
for 11 kV class and Double paper covered copper conductor shall be  used for HV 
and LV winding for 22 kV class. 

ii Current Density: 

Current density for HV and LV winding should not be more than 2.8 A/sq. mm for 
Copper and 1.6 A / sq.mm for Aluminium conductor. 

 iii L.V.  Neutral formation shall be at top. 

6.3  Losses  : 



   

            The Total Losses (No load losses + Load Losses) for 63 kVA &100 kVA, 11 /0.433 kV 
and 22/ 0.433 kV transformers at rated voltage shall not exceed the values indicated as 
below: 

  TABLE – 1 

KVA 
Rating 

Voltage 
Ratio in 
kilovolts 

3 Star rating 
transformers  

( at 75 °C) 

 4 Star rating 
transformers  

( at 75 °C) 

5 Star rating 
transformers  

( at 75 °C) 

  Losses at 
50% 
loading 
(Watts) 

Losses at 
100% 
loading 
(Watts) 

Losses at 
50% 
loading 
(Watts) 

Losses at 
100% 
loading 
(Watts) 

Losses at 
50% 
loading 
(Watts) 

Losses at 
100% 
loading 
(Watts) 

63 11/0.433 380 1250 330 1170 280 1100 

63 22/0.433 362 1193 324 1088 285 1002 

100 11/0.433 520 1800 440 1700 360 1600 

100 22/0.433 495 1717 452 1575 414 1431 

The losses of 22/0.433 kV distribution transformers have tolerances as specified in the IS-2026 
(Part-I) 1977 amended up to date. No tolerance for losses of 11/0.433 kV distribution 
transformers as per IS:1180 ( part 1) amended upto date. In case the actual loss values exceed 
the above guaranteed values, the transformers shall be rejected at the risk, cost and 
responsibility of the supplier. 

 The values guaranteed in G.T.P. for flux density, no load current at rated voltage, no load 
current at 112.5% of rated voltage and no load loss at rated voltage shall be individually met. 

6.4 Insulation material & clearances: 

i Materials - Makes of Electrical grade insulating craft paper, Press Board, Perma 
wood/ Haldi wood insulation shall be declared in GTP by the bidder. The test 
reports for all properties as per relevant I.S. amended up to date shall be submitted 
during inspection. 

ii  The electrical clearance between the winding and body of the tank (between inside 
surface of the tank and outside edge of the windings) should be less than 30 mm 
and 40 mm for 11 kV and 22 kV class respectively. 

Minimum external clearances of bushing terminals 

  11 kV 22 kV 

HV  Ph to Ph 255 mm 330 mm 

 Ph to E  140 mm 230 mm 

LV  Ph-to-Ph 75 mm. 75 mm 



   

 Ph to E 40 mm. 40 mm 

6.5 Impedance Value-    

The percentage impedance at 75 º C. shall be 4.5% for 11 kV and 5.0% for 22 kV (IS 
tolerance of ± 10 % is applicable). 

6.6       Tank 

6.6.1 The transformer tank shall be made up of prime quality M.S. sheets of rectangular shape. 
No other shape will be accepted. The transformer tank shall be of robust construction. All 
joints of tank and fittings should be oil tight and no bulging shall occur during service. The 
tank design shall be such that the core and windings can be lifted freely.  The tank plates 
shall be of such strength that the complete transformer when filled with oil may be lifted 
bodily by means of the lifting lugs provided. Tank inside shall be painted by varnish. Top 
cover plate shall be slightly sloping; approximately 5 to 10 deg. towards HV bushing and 
edges of cover plate should be bent downwards so as to avoid entry of water through the 
cover plate gasket. The width of bend plate shall be 25 mm min. The top cover shall have 
no cut at point of lifting lug.  The rectangular tank shall be fabricated by welding at 
corners.  

6.6.2 The transformer tank of corrugation is also acceptable, however shape of tank shall be 
rectangular only. The corrugation sheets thickness shall be of minimum 1.6mm. 
Corrugation panel shall be used for cooling. The transformer shall be capable of giving 
continuous rated output without exceeding the specified temperature rise. Bidder shall 
submit the detailed calculation sheet alongwith offer. The safe guard angle frame 50X50X5 
mm shall be welded   for corrugated side to the tank.   

6.6.3 In rectangular shape tanks, horizontal or vertical joints in tank side walls and its bottom or 
top cover will be not allowed. In addition the cover of the main tank shall be provided with 
an air release plug. 

Side wall thickness   : 3.15 mm. (min.) 

Top and bottom plate thickness : 5 mm. (min.) 

6.6.4 Reinforced by welded angle 50X50X5 MM on all the outside walls on the edge of tank to 
form two equal compartments. The permanent deflection is not more than 5mm up to 750 
mm length and 6mm up to 1250 mm length when transformer tank without oil is subject to 
air pressure of 35 KPa above atmospheric pressure for 30 min. Pressure test shall be 
performed carefully at the time of 1st stage inspection only to confirm the adequacy of 
reinforcement angle and gauge of the tank and certified by E.E. (IW). 

6.6.5 All welding operations to be carried out by MIG process. 

6.6.6 Lifting lugs: 4 nos. welded heavy duty lifting lugs of MS plate of 8mm thickness suitably 
reinforced by vertical supporting flat of same thickness as of lug welded edgewise below 
the lug on the side wall, up to reinforcing angle. They shall be so extended that cutting of 
bend plate is not required. 

6.6.7 Pulling lugs: 4 nos. of welded heavy duty pulling lugs of MS plate of 8mm thickness 
shall be provided to pull the transformer horizontally. 

6.6.8 Top cover fixing bolts: GI nut bolts of 3/8” dia. with one plain washer shall be used for top 
cover fixing, spaced at 4” apart.  6mm neoprene bonded cork oil resistance gaskets 



   

conforming to type B/C IS 4253 Part-II amended up to date will be placed between tank 
and cover plate. 

6.6.9 Vertical clearance: - The height of the tank shall be such that minimum vertical clearance 
up to the top cover plate of 120 mm is achieved from top yoke. 

7. Protection: 
For distribution transformers with CSP Feature following additional fittings as their 
integral part shall be provided. The transformer shall have the following CSP features: 

 a) INTERNAL HV FUSES ON THE HV SIDE OF TRANSFORMER: 

Specifications for the HV Fuses: Expulsion / any other suitable fuse placed in series with 
primary winding. This fuse is mounted normally inside of the primary bushing and is 
connected to the high voltage winding through a terminal block. This has to protect that 
part of electrical distribution system which is ahead of distribution transformers i.e. either 
the windings or the other part of the transformer. It shall be ensured that this fuse dose not 
blow for faults on the secondary side (LT side) of the transformer i.e. the blowing 
characteristic of the fuse and LT breaker shall be so coordinated that the fuse shall not blow 
for any faults on the secondary side of the transformer beyond LT breaker and these faults 
shall be cleared by the LT breaker only.  

 b) INTERNALLY MOUNTED OIL OMMERESED LT BREAKER ON THE LV SIDE 
OF THE TRANSFORMER: 

LT Circuit Breaker: All LT Faults after the breaker shall be cleared by this breaker. As 
such, it shall be designed for perfect coordination with the HT fuse link. The supplier shall 
furnish the time/ current characteristics of LT circuit breaker and 11 KV fuses for various 
current multiples. The two characteristics shall be drawn on the same sheet to indicate 
coordination between the circuit breaker and fuse. This shall be based on the type test 
carried out on one of the transformers. In addition, the supplier shall carry out coordination 
test as indicated above, and this forms one of the tests for acceptance.  

The breaker is to be mounted on the secondary side of the transformer under oil to 
minimize premature operations form primary surges as would be with undersized line 
fuses. Three single pole elements are preferred. The breaker shall be coordinated thermally 
with the transformers rating to follow closely the variations of coil temperature due to 
fluctuations in loads and ambient temperatures.  

This is to be accomplished by connecting the breaker in series between the secondary 
winding and the load current. The breaker shall be located in the same oil as the core and 
coil assembly so that the bimetals are sensitive to the temperature of oil as well as the load 
current. (Offers with LV breakers of MCCB type are not acceptable).  

The circuit breaker may be an electro-mechanical device with three main elements viz. (a) 
temperature sensing (b) latching and tripping and (c) current interrupting. The temperature 
sensing function might be accomplished through the use of bimetallic strips which would 
be built into the breaker, such that load current of the transformer flows through them. In 
addition to this, a magnetic tripping device is to be provided for all ratings of transformers 
for increasing the opening speed be mounted inside of the transformers so that these 
bimetallic strips are within the top oil layer of the transformer. The current carrying parts of 
the breakers shall be copper plus a set of copper tungsten current interrupting contacts. The 



   

cross section of a current density not more than 2.8 A/sq.mm. (For additional mechanical 
strength, the area should be more). 

The magnetic element shall increase the opening speed of the circuit breaker to the thermal 
activity shall remain unchanged by the addition of the magnetic trip element.  

Beside a signal light controlled by a bimetal in the breaker shall switch on when the 
transformer load reaches a predetermined level indicating that the transformer has been 
over-loaded and the change out shall have to be scheduled without causing an un-planned 
service interruption.  
The Type tests shall be carried out on Circuit breaker as per IS: 13947 (Part-2)/1993 
amended upto date at any NABL Laboratory and shall be submitted alongwith the offer. 
Note: Mechanical operation test on LV Circuit Breaker shall be carried out in OIL 
medium    as per  IS: 13947 (Part-2)/1993 amended upto date. 

 C) LOAD MANAGEMENT SIGNAL LIGHT: 

The load management signal light shall perform two functions. It shall show visually when 
the particular transformer has been operating in an overload condition and shall provide 
knowledge that for good system management, the economical change out point for the 
transformer is fast approaching. The signal light need not indicate temporary overloads and 
shall turn on only when the overload condition has existed at a given level for a certain 
length of time. 

The LT CSP Circuit breaker shall have a set of auxiliary contacts built –in for signal light 
operation. This normally open contact shall form part of the signal light contact circuit. The 
signal light circuit shall consist of an auxiliary transformer winding (one or two turns) 
which generates about 4 V , for the signal light contact set within  the circuit breaker and 
the signal light is to be mounted on the transformer tank. The signal light contact set is 
mechanically connected to the main circuit breaker latching and bimetal system. The signal 
light mechanism is adjusted so that the signal light contacts will close at a pre-set thermal 
condition which occurs before the main latching system opens the main contact. The net 
result is a visual external indication that a pre-set load condition has been reached by the 
transformer. The signal light mechanism dose not reset itself when the load drops off, the 
signal light remains lighted once the signal light contacts close and can only be turned off 
by manually operating the external circuit breaker handle. 

  8.0     TAMPER PROOF “METERING UNIT: 

  Tamper Proof Metering unit shall be manufactured in accordance with the following 
Standards (as per drawing enclosed) Annexure –IV. 
 The Metering unit shall comply with the requirement of IS 13947/1993 for Degree of 
Protection I.P. 54. 
 
8.1  General Technical Particulars: 

 
 This outdoor type Metering Unit shall be designed and fixed on the LV bushing side of the 

main transformer tank. General arrangement of Metering Unit shall be kept as per drawing 
covering the above aspect is enclosed at Annexure –IV. The overall dimensions of 
enclosure shall be such that it should accommodate the LV Bushings, Three Ring Type 
CTs of rating 200/5 A, for 100kVA & 150/5 A for 63 kVA transformers, one LT CT operated 
Static TOD meter.  

 



   

1. In First chamber-  
The first chamber shall be  provided as an enclosure to transformer L.V. bushings and CTs as 
shown in diagram. The required minimum electrical clearances as per relevant IS, shall be 
maintained while providing / fixing the box. The suitable rubber gasket shall be provided between 
transformer body and enclosure so as  rain water shall not enter in the chamber. 
 Three CTs of 5VA burden & class of accuracy 0.5 shall be mounted on fixed arrangement inside 
the chamber for each phase as shown in the drawing.  The inner diameter of  CTs shall be suitable 
to cover the cable size. CTs should be magnetically shielded and fixed inside the enclosure with 
suitable nut bolts & washers. 
 Minimum 2.5 sq. mm. copper multistrand (flexible) wire shall be used for connections from CT 
secondary terminals to Meter  & P.T connections. 
  The Enclosure shall be fabricated by using CRCA sheet steel of 14 SWG (2mm) thickness  
& shall  comply  with the requirement of I.P.-54 as per I.S.  13947/I/1993. 
 
2. Second Chamber: 
 The energy meter shall be fixed on suitable arrangement keeping minimum clearance of 50 mm 
from the tank surface. The clearances from Meter front side to enclosure shall be minimum 50 
mm. 
The Meter fixing arrangement shall be such that front and back as well as up and down with tilting 
adjustment can be done to accommodate various type & make of meter (s). Also suitable space 
shall be provided to install GSM MODEM alongwith the Antenna  for future communication with 
the meter.   
Note : It shall be ensured that the 3 phase 4 wire static LT CT operated TOD energy meters to 
supplied should be as per enclosed specifications and from the approved vendor list of MSEDCL 
& not from the black listed vendor. 
 
Main features of the Metering Unit are as under: 
 
     1. The single door panel shall be provided with 5 mm thick triplex glass window of size  150 

mm x 115 mm – 1 nos for second chamber to facilitate meter reading. 

    2. One 6 mm isolated Earth Terminal in second chamber at side of the box. 

    3.  Each LT Bushing provided with 2 nos. washer for lugs tightening.  

     4. Cam lock  shall be provided to  each chamber door with separate keys. The Two keys set  
shall be supplied with each unit. e.g. Godrej cam lock. 

     5.  2 nos. earthing bolt size 25x10 mm each with 2 nos washer and one nut to be provided 

     6.   3 nos earth sticker with earth symbol to be provided 

     7. 4 nos suitable size lugs for 70/ 120 sq.mm, 31/2 core PVC Al.Cable shall be provided 

     8.  Danger marking 125 x 38 mm with Marathi language with 433 V AC. 

    9.  Flat gasket of size 20 x 2 mm to be fixed with adhesive (fevibond) inside door 

   10. Inside hinges to be MIG welded strictly ( NO SPOT WELDING). 



   

     11. CT secondary & PT wires  with proper lugs shall be connected to meter terminals. 

     12. Single panel doors for chamber 1 & 2. 

     13. Arrangement to be provided for holding the panel door manually 

     14. The sizes of each compartment & overall size shown are  minimum and may be more to suit 
the size of Transformer Tank and LT bushings. 

    15. The complete metering unit shall be as per Drawing enclosed so fitted with the transformer 
that a gap of minimum 50 mm is maintained from the transformer tank &  the unit  for free 
circulation of air & fitted towards the ground so that it is possible to take readings from a 
distance of 2 to 3 meters. 

    16. The suitable cable glands shall be provided in first chamber for 3/12 cables. 
    17.  Cable holding clamp shall be provided as shown in diagram. The cable holding clamp 

support shall be welded on transformer tank. 
Note:  1) All dimensions are in mm. 

          2) Chamber no.1& 2  Door -  front open back 
          3) Sheet steel thickness: 2 mm (min) 
          4) Paint shade : Exterior & interior – Aircraft Blue at shade No 108 of IS 5. 
          5) Degree of enclosure protection IP : 54. 

          
9.0    Heat Dissipation: 

a) Heat dissipation by tank walls excluding top and bottom should be 500 W/ sq.m. 

b) Heat dissipation by fin type radiator 1.25 mm thick will be worked out on the basis of 
manufacturers data sheet. The tenderer shall submit the calculation sheet with the offer 
or the offer shall stand rejected. 

c)  Two nos. radiators shall be provided only on HV side and shall be of fin type. They 
should be fixed at right angle to the sides and not diagonally. The size of the radiator 
shall be such that it covers at least 50% of the bottom yoke, full core and complete top 
yoke. 

d) Total Minimum Oil Volume : 

Sr.No. KVA rating Voltage Ratio in 
Volts 

Oil in liters (exclusive of 
oil absorbed in core & 
coil assembly) 

1 63 kVA 11000/433 155 

2 100 kVA 11000/433 190 

3 63 kVA 22000/433 165 

4 100 kVA 22000/433 200 

            Note: Transformer shall be supplied complete with first filling of oil and 10 % extra of total   
volume of oil in separate container/ drum to the concerned stores. Detailed calculation of 
absorption should be submitted. 

11 Conservator:  



   

a) The total volume of conservator shall be such as to contain 10% of total quantity of oil. 
Normally 3% quantity of the total oil will be contained in the conservator.  Dimension of 
the conservator shall be indicated on the General Arrangement Drawing. 

b) Oil level indicator shall be provided on the side which will be with fully covered 
detachable flange with single gasket and tightened with MS nut-bolt. 

c) The inside diameter of the pipe connecting the conservator to the main tank shall be within 
20 to 50 mm and it should be project into the conservator in such way that its end is 
approximately 20mm above the totem of the conservator so as to create a sump for 
collection of impurities.  The minimum oil level (corresponding to (-) 5 deg.) should be 
above the sump level. 

d) The pipe from conservator tank connecting to main tank shall be of 30 mm (min.) dia and 
shall have a slopping flap so that the oil falling from the pipe shall not fall directly on the 
active job and shall fall on the side walls only. 

e) The conservator shall be provided with the drain plug and a filling hole (30mm dia) with 
cover. 

12  Breather: 

Breather joints will be screwed type. It shall have die-cast aluminum body or of Poly 
propylene materials and inside container for silica gel shall be of tin sheet, in case of 
aluminum die cast breather.  Makes of the breather shall be subject to purchaser's approval.  
Volume of breathers shall be suitable for 250 gm. of silica gel.  The make and design of 
breather shall be subject to approval of C.E. (Distribution). 

13  Terminals: 

 Brass rods 12 mm. diameter for HT with necessary nuts, check-nuts and plain thick tinned 
washer. 

14. Bushings & Connections: 

14.1 For 11 kV class 12 kV bushing, for 22 kV class 24 kV bushing shall be used and for 433 
volts 1.0 kV bushing shall be used. Bushings of the same voltage class shall be 
interchangeable. Bushings with plain shed, as per relevant IS amended up to date shall be 
mounted on the top of the transformer tank. 

14.2 HV bushings shall be mounted on curvature shaped embossed plate, in such a way that all 
H.V. Bushings shall remain parallel and at equi-distance throughout. Bushings having type 
tested, as per relevant IS amended up to date shall only be acceptable. 

14.3     The minimum creepage distance for all the bushings shall not be less than 25 mm per kV. 

 

15.0    Internal connections: 

15.1  H.V. Winding : 

i.  In case of H.V. winding all jumpers from winding to bushing shall have cross 
section larger than winding conductor. 

            ii. Inter coil connection shall be by crimping and brazing. 

iii In case of Copper Winding Delta joints shall be with crimping and Brazing only. 



   

iv.        Lead from delta joint shall be connected to bushing rod by brazing only. 

 

15.2 L.V. Winding : 

i.  L.T. Star point shall be formed of Aluminium/Copper flat of sufficient length.  Lead 
from winding shall be connected to the flat by crimping and brazing.   

ii. Firm connections of L.T. winding to bushing shall be made of adequate size of `L' 
shaped flat.  Connection of L.T. Coil lead to `L' shape flat shall be by crimping and 
brazing.  Alternatively `L' shape lug of adequate capacity effectively crimped shall 
be acceptable. 

iii. `L' shape flat/lug shall be clamped to L.V. Bushing metal part by using nut, lock-
nut and washers. 

iv For Aluminum windings, L&T Alkapee aluminum brazing rods with suitable flux 
shall be used. For copper winding crimping and silver brazing alloy shall be used.  

16.0   Tank base channel : 

It should be of two numbers of 75 mm x 40 mm channel for 63 kVA and 100 kVA 
transformers  

17.0   Terminal Marking Plates and Rating Plates : 

Terminals shall be provided with terminal marking plates. The transformer shall be 
provided with riveted rating plate of minimum 8 SWG aluminum anodized material sheet 
in a visible position.  The entries of the rating plate shall be in indelibly marked (i.e. by 
etching, engraving or stamping).  

Marking as `M.S.E.D.C.L'S and `Sr. No.' of transformer shall be engraved on transformer 
main tank below L.T. bushings. 

The name of the company, order No., capacity, month and year of manufacturing shall be 
engraved on separate plate which shall be firmly welded to main tank and shall form 
integral part of the tank. 

18 Fittings:  

 The fittings on the transformers shall be as under: 

1 Rating and diagram plate 1 no. 

2 Earthing terminals with lugs. 2 no. 

3 Lifting lugs 4 no. 

4 Oil filling hole with cap(on conservator) 1 no 

5 Drain valve - 20mm for all T/Fs 1 no 

6 Conservator with drain plug. 1 no 

7 Thermometer pocket 1 no 

8 Explosion vent (Only for 22 kV T/F) 1 no 

9 Silica gel breather 1 no 



   

10 Platform mounting channel 2 no 

11 Oil level gauge indicating 3 positions of 
oil marked as below : 

 1no 

 Minimum (-) 5 deg.C.  

 Normal 30 deg.C  

 Maximum 98 deg.C.  

12 HT & LT bushing 3 nos. of HT bushing and 4 nos. of 
LT bushing shall be provided. 

Each bushing (HV & LV) should 
be provided with 3 nos. of brass 
nuts and 2 plain brass washers. 

13 Radiators  As per Cl. No. 9 (C) 

14 Lightening Arrestors for HT bushings  

15 Pulling lugs 4 nos 

16 Metallic cover spot welded to tank for 
drain valve shall be provided. 

 

 
19       Lightening Arrestors:  

 
High surge capacity of 9 kV( Vrms), 5 kA( 8/20 micro wave shape) Lightening Arrestor for 
11 kV and 18 kV( Vrms), 5 kA ( 8/20 micro wave shape) Lightening arrestor 
(Disconnector type) for 22 kV transformers conforming to IS: 3070/1974 shall be mounted 
on the transformers, clamped securely to the tank, to protect the  transformer and associated 
line equipment from the occasional high voltage surges resulting from lighting or switching 
operations. The earthing terminal of the lightening arresters shall be connected solidly to 
the transformer tank earthing in terminal. 

20 Transformer Oil  

           Transformer oil to be used in all the Distribution transformers shall comply with the 
requirements of latest IS 335/1983 amended up to date thereof.  In addition the oil should 
conform to `Ageing Characteristics’ specified below for New Oil and Oil in Transformers.  
Type test certificates of oil being used shall be produced to EE (IW) at the time of stage 
inspection. 

New oil - Ageing characteristics after accelerated ageing test 96 hrs at 115° C (open beaker 
method with copper catalyst): 

i. Specific Resistance (Resistivity) 

a) at 20 º C :- 2.5 x 10 12 Ohm-Cm (Min) 

b)      at 90 º C :- 0.2 x 10 12 Ohm-Cm (Min) 

ii Dielectric dissipation factor - 0.20 (Max.tan delta) at 90 º C. 

iii Total acidity mg/KOH/gm - 0.05 (Max) 

iv Total sludge value (%) by weight - 0.05 (Max.) 



   

v The method of testing these aging characteristics is given in Appendix - C of IS 335 
amended up to date. 

vi. Oil filled in Transformers:  

The important characteristics of the transformer oil after it is filled in the 
transformer (within 3 months of filling) shall be as follows: - 

Sr.No. Characteristics Specifications 

1. Electric Strength (Breakdown voltage) 30 kV (Min) 

2. Dielectric dissipation factor (Tan Delta) at 90 deg.C.) 0.01    (Max) 

3. Specific Resistance (Resistivity) at 27 deg. C (ohm-cm) 10 x 10 12 

4. Flash Point, P.M. (closed) 140 º C (Min) 

5. Inter facial tension at 27 º C. 0.03N/M (Min) 

6. Neutralization value (total acidity) 0.05Mg.KOH/g
m (Max.) 

7 Water content PPM 35 (Max) 

 

21 Test and Inspection:- 

21.1     Routine Tests:- 

i. All transformers shall be subjected to the following routine tests at the     manufacturer's 
works. The tests are to be carried out in accordance with the details specified in IS 2026 or 
as agreed upon between the purchaser and the manufacturer. 

1. Measurement of winding resistance. 

2. Ratio, polarity and phase relationship. 

3. Impedance voltage. 

4. Load losses. 

5. No-load losses and No-load current. 

6.    Insulation resistance. 

7. Induced over voltage withstand. 

8. Separate source voltages withstand. 

ii. All the routine tests shall be conducted in the suppliers' laboratory at their cost. 

iii. Heat run test shall be arranged free of cost on the unit selected from the 1st lot by     

    Executive Engineer / Authorized Representative. 

iv. The calculations to confirm the thermal ability as per Clause no. 9.1 of latest IS: 2026 
Part-I or equivalent International Standard shall be submitted to Executive Engineer (IW). 

 

22.0   Challenge Testing:  



   

The manufacturer can also request challenge testing for any test based on specification and 
losses. The challenger would request for testing with testing fees. The challenge test fees are 
proposed at least three times the cost of testing. This is likely to deter unnecessary 
challenges. The challenger would have the opportunity to select the sample from the store 
and any such challenge should be made with in the guarantee period. The party challenged, 
challenger and the utility could witness the challenge testing.  

 The   challenge testing would cover following tests: 

1. Measurement of magnetizing current. 

2. No load losses test. 

3. Load losses test (at 50 % loading or as per acceptance test). 

4. Temperature rise test. 

The challenge test could be conducted at NABL Laboratory, like ERDA and CPRI. If the 
values are within the limits the products gets confirmed else not confirmed. No positive 
tolerances in losses is permitted. If the product is not confirmed the manufacturer would pay 
the challenge fee and challenger would get the fee refunded. However as a redressal system 
the challenger would be allow to ask for fresh testing of two or more samples from the store 
and the same be tested in NABL Laboratory in presence of party challenge, challenger and 
the utility. 

 If any one of the above sample does not confirm the test, then the product is said to have 
failed the test. In such cases the manufacturer will be declared as unsuccessful manufacturer 
for the said product with wide publicity and would not allow to complete in tenders of the 
MSEDCL for the period of three years and heavy penalty would be imposed. 

23.0 Type Tests:- 

23.1 In addition to routine test as above Impulse voltage Withstand test and Dynamic Short 
Circuit Test as under shall be successfully carried out at laboratories accredited by National 
Accreditation Board for Testing and Calibration Laboratories (NABL)in accordance with 
IS 2026/1977 as amended from time to time and technical specifications, within the last 5 
(five) years prior to the date of offer. The bidder shall furnish the following type tests 
reports (along with General arrangement drawing, Rating and Diagram Plate and Internal 
Constructional drawing) along with the offer. 

i. Impulse Voltage with stand Test on all three HV phases chopped on tail. 

ii. Dynamic Short circuit Test   

23.2   The following balance type test should be carried at the manufacturer’s works invariably in       
the presence of MSEDCL’s representative at the time of inspection from the first lot. 

i.          Temperature Rise Test  

ii Air pressure test as per clause no. 22.5 of IS:1180 (Part I)/1989 

iii Unbalanced current test – unbalanced current should not be more than 2% of full 
load current 

23.3 The type test reports should be submitted and got approved from the Chief Engineer 
(Distribution) before commencement of supply. 

23.4 In case of any of the following, the offer may be considered for placement of order. 



   

i. If above tests are carried out beyond 5 years  

ii.Impulse Voltage Withstand test and Dynamic Short Circuit test carried out not from 
NABL approved Laboratory. 

iii.If there is any change in the design/ type of old type tested transformers to be offered 
against this specification.  

However, successful bidders have to carry out the type tests at the laboratories accredited 
by NABL before commencement of supply at their own expense on the sample drawn by 
the purchaser from the lot offered for first Stage Inspection.  

23.5 In respect of the successful bidder, the purchaser reserves the right to demand repetition of 
some or all the type tests in presence of the purchaser’s representative.  In case the unit 
fails in the type tests, the complete supply shall be rejected. The bidders are therefore 
requested to quote unit rates for carrying out each type test, which however, will not be 
considered for evaluation of the offer. 

24.0 Drawings:- 

24.1 A set of following drawings with all dimensions shall be submitted by the Bidder along 
with the offer: 

i.         General Dimensional drawing. 

ii. Core Assembly drawing. 

iii. Internal Construction Drawing 

iv. Rating & Diagram Plate Drawing. 

v. HV/LV Bushings indicating measurement of creepage distances. 

vi. Operation and Maintenance Manual. 

            vii.       Metering Unit.  

24.2 The drawings shall be of A-3 (420 x 297 mm) size only. The bidder should also supply 
along with his offer the pamphlets/literatures etc. for fittings / accessories.  

24.3    The bidder should not change design once offered as per A/T, Approved drawings and Type  
Test Reports. 

24.4 The successful Bidders shall submit complete set of Drawings (as listed in Cl.No.24.1) of 
transformer in triplicate indicating dimensions to CE (Distribution) for approval and get 
approved it before offering Ist stage inspection. The particular indicative drawings are as 
follows: 

1.     Outline General Arrangement for kVA Dist.Transformer -MSEDCL/MMII/63-100DT/01. 

2.      Meter Box & C.T. Mounting Box Arrangement for 63&100 kVA Dist.Transformer - 
MSEDCL/MMII/63-100DT/02. 

3.        Meter Box & C.T. Mounting Box Arrangement for 63&100 kVA Dist.Transformer 
MSEDCL/MMII/63-100DT/03. 



   

4.         Meter Box with Meter for 63&100 kVA Dist.Transformer - MSEDCL/MMII/63-
100DT/04.  

 

25.0      Rejection :- 

25.1  Apart from rejection due to failure of the transformer to meet the specified test 
requirements the transformer shall be liable for rejection on any one of the following 
reasons. 

i. 50 % & 100% Load loss exceeds the specified values mentioned in Cl. No.6.3   above. 

ii.     Impedance voltage value exceeds the Guaranteed value plus tolerances as mentioned at   
Cl..No.6.5 above. 

iii Type test are not carried out as per clause no. 23 of the specification. 

iv.       Drawings are not submitted as per clause no. 24 of the specification. 

v. GTP not submitted as per clause no. 27 of the specification. 

vi Heat dissipation calculation sheet are not submitted as per clause no.9.0 of the    
specification. 

26.0 Cleaning and Painting. 

i.  The surface of the tank shall be properly pre-treated / phosphated in a seven tank process 
and shall be applied with a powder coating of 40 micron thickness. The powder coating 
shall be of dark admirably green colour for transformers. Powder coating shall be 
suitable for outdoor use. The seven tank process facility shall be enhance to ensure 
proper quality for outdoor application.    

ii.  The month and year of supply shall be painted in red bold marathi lettering at two 
places, one on conservator and other at sum conspicuous place on the transformer 
which shall be clearly visible from the ground.  

 
27.0     Guaranteed & Technical Particulars: 

The bidder should fill up all the details in GTP parameter list, the statement such as “as per 
drawings enclosed”, “as per MSEDCL’s requirement” “as per IS” etc. shall be considered 
as details are not furnished and such offers shall liable for rejection.  

28.0     Testing facility  

The bidder should have adequate testing facility for all routine and acceptance tests and 
also arrangement for measurement of losses, resistance, etc. details of which will be 
enumerated in the tender. 

29.0      Submission Routine Test Certificate  

            a. The successful bidder shall submit the routine test certificate along with documentary 
evidence for having paid the Excise Duty for the following raw materials viz. Oil, 
Aluminum, copper for conductors, insulating materials, core materials, bushings at the time 
of routine testing of the fully assembled transformer  

b. Instruction and operation Manual 
 



   

The successful bidder shall be required to submit 5 copies of instruction and Operation 
manual for each lot of 100 Transformers (or part thereof) supplied. This instruction manual 
should give complete details about the pre-commissioning tests/checks and the details of 
preventive maintenance etc.  
 

30.0     Stage Inspection :- 

30.1    Supplier shall give 15 days’ advance intimation to the Chief Engineer (Dist.) and S.E. 
(Store/Adm) to organize stage inspection in which assembly of core, windings and other 
core materials etc. would be inspected. In respect of raw materials such as core stamping, 
winding conductor, oil etc. successful bidder shall use these materials 
manufactured/supplied by the standard manufacturers and furnish the manufacturer's test 
certificates, as well as, proof of purchase from those manufacturers documentary evidence 
for having paid the excise duty for the information of the department. 

30.2     Chief Engineer (Distribution) will depute his representative at the time of stage inspection. 
30.3     10 % of the transformers from the offered lot will be tested for acceptance tests at factory, 

in the presence of purchaser's representative before dispatch. 
30.4   The inspection may be carried out by the purchaser at any stage of manufacture. The 

successful bidder shall grant free access to the purchaser's representatives at a reasonable 
time when the work is in progress. Inspection and acceptance of any equipment under this 
specification by the purchaser shall not relieve the supplier of his obligation of furnishing 
equipment in accordance with the specifications and shall not prevent subsequent rejection 
if the equipment is found to be defective. 

30.5      The purchaser may at its option, open a transformer supplied to the Stores, in presence of 
supplier at site or at Stores.  If any of the technical particulars are seen to be in variance than 
the guaranteed technical particulars, the whole lot of transformer will be rejected without 
any liability on purchaser. 

30.6    In addition to the above, the purchaser may pick up any transformer and decide to get it 
type tested from any laboratory accredited by NABL at purchaser's cost. The Bidder will 
have to organize packing of the transformer at company's Stores for which they will be 
paid necessary charges. If the transformer fails to meet the requirement of type tests, the 
quantity of transformers ordered on them will be forthwith rejected and the purchaser may 
purchase these transformers at the risk and cost of the supplier. 

31.0    Testing of all Distribution Transformers for no load and full load losses 

After inspection of new transformers at factory for acceptance of the lot, all distribution 
transformers from the lot will be tested for no load and full load losses at all stores. 
Tenderer has liberty to be present at the time of testing. 

32.0    Random Sample Testing (RST)  

The tenderer should intimate to C.E. (Dist.), M.S.E.D.C.L of completion of dispatches of 
whole lot of Distribution Transformers to stores against this tender.  C.E. (Dist.), 
M.S.E.D.C.L for will select the stores for Random Sample Testing (RST) and depute E.E. 
(Testing) to carry out RST of the lot.  

E.E. (Testing) will select a transformer from the lot of transformers already tested for No 
load & full load losses.15 days advance intimation will be given to tenderer for joint 
inspection. The date of RST will not be altered to the convenience or request of supplier. If 
supplier’s representative fails to attend on the date fixed for RST, the RST will be carried 



   

out in his absence and results of RST will be binding on supplier. In case the selected 
transformer fails in any of the tests, complete lot of transformers will be rejected.     

33.0     Inspection & Testing of Transformer Oil: 

The tenderer shall make arrangements for testing of transformer oil to be used in the 
transformers and testing will be done in presence of purchaser's representative. 

To ascertain the quality of transformer oil, original manufacturer's test report should be 
furnished to EE (Testing) at the time of factory inspection for acceptance of the lot.  

34.0    Quality Assurance 

34.1  The bidder shall invariably furnish following information along with the offer failing to 
which the offer will be rejected. 

34.2 Certificates of following materials. 
i.  Aluminium and copper conductor 
ii. Transformer oil 
iii. Core 
iv. Insulating paper. 
v. Porcelain Bushings 
vi Steel Plate used for Tank 

34.3 Names of the supplier for the raw material, list of standard accordingly to which the raw 
materials are tested, list of test normally carried out on raw materials in presence of 
bidder’s representatives, copies of type test certificates. 

34.4 Information and copies of test certificate as in (i) above respect of bought out accessories 
including terminal connectors. 

34.5 List of manufacturing facilities available. In this list the bidder shall specifically mention 
whether lapping machine, vacuum drying plant, air conditioned dust free room with 
positive air pressure for provision of insulation and winding etc are available with him.  

34.6 Level of automation achieved and list of areas where manual processing still exists. 
34.7 List of areas in manufacturing process where stage inspection are normally carried out for 

quality control and details of such tests and inspections. 
34.8 Special features provided in the equipments to make it maintenance free 
34.9 List of testing equipment available with the bidder for final testing of transformers and test 

plant limitation, if any, vis-à-vis the type, special acceptance and routine tests specified in 
the relevant standards and the present specification. These limitations shall be very clearly 
brought out in Schedule – D i.e. schedule of deviations from specified test requirements. 

34.10  The successful bidder shall submit the Routine Test Certificate along with documentary    
 evidence having paid for the excise duty for the following raw materials viz Oil, Aluminum 
for conductors, insulating materials, Core materials, Bushing at the time of routine Testing 
of the fully assembled transformer. 

 
35.0    Qualifying Requirement:  

35.1 The bidder should have proven experience of not less than 5 years in Design, Manufacture, 
supply and Testing at work for equipment / materials offered for equal or higher voltage 
class /capacity. The equipment/ material offered by bidder should be in the successful 
operation, at least for two years as on the date of submission of the tender. 

35.2 The bidder should have adequate in house testing facilities for conducting acceptance tests 
in accordance with relevant IS. 



   

35.3 Bidder should have a minimum turnover of 60% of the value of the material offered in any 
one financial year during the previous 3 years. However, being a commercial aspect this 
point may be verified by CPA. 

35.4  The Bidder should furnish all the relevant documentary evidence to establish the 
fulfillment of the above requirement. 

35.5 The bidders not meeting the requirement at clause No. 35.1 can also participate, provided 
they have valid ongoing collaboration with a manufacturer who has at least 10 years 
experience in the Design, manufacture and testing of the equipment of the type and class 
offered which have been in satisfactory service for a period of at least seven years.  In such 
an event the bidder shall furnish along with the bid the documentary evidence for the same 
and undertaking from the bidder and collaboration accepting joint and several liability for 
all obligations under the contract. 

35.6 The bidder who does not meet the above Qualifying requirement of experience (Clause No. 
35.1) may be considered for a Trial Order subject to fulfilling the following requirements 
along with Clause Nos. 35.2 to 35.4. 

35.7 The bidder shall have the basic infrastructure for the design, manufacture and supply of the 
items offered, like machinery, technical know-how, capacity etc.  

35.8 The purchaser is satisfied with the designing, manufacturing, supplying and financial 
capacity of the bidder after inspecting the supplier’s works.   

35.9     Notwithstanding anything stated above, the purchaser’s decision in this regard will be final. 
 
 

36       Final Inspection 

10 % of the transformers offered will be tested for all tests without opening the 
transformer. Heat Run Test will have to be carried out on the transformer having maximum 
no load and full load losses taken together. C.E. (Distribution) will depute his 
representative at the time of final inspection along with CPA’s representative. 
 

37      Performance Guarantee: 

All transformers supplied against this specification shall be guaranteed for a period of 66 
months from the date of receipt at the consignee’s Stores Center or 60 months from the 
date of commissioning, whichever is earlier. However, any engineering error, omission, 
wrong provisions, etc. which do not have any effect on the time period, shall be attended to 
as and when observed/ pointed out without any price implication.  

 

38      COST DATA SHEET:-  

The bidders shall submit the cost data sheets indicating the break up prices and quantity of 
each raw material and components along with the unit rates required for manufacture the 
offered transformers along with the offer. The cost data sheet format is enclosed herewith.. 
If the rates quoted are not justified with the cost data sheets, the offer shall not be 
considered for evaluation and placement of the order. 

The cost data sheets shall be scrutinized by CPA section. 

 

FORMAT FOR COST DATA 

ITEM                     ------    KVA , ------- KV DISTRIBUTION TRANSFORMER 



   

Sr. 
No. PARTICULARS UNIT 

UNIT 
RATES 
Rs. 

QTY AMT (Rs.) 

1 CORE (M4 or better ) KG    

2 ALUMINIUM/COPPER 
WITH DPC 

KG    

3 INSULATION PAPER Meter    

4 OIL LTRS    

5 TANK NO    

6 CHANNELS KG    

7 INSULATORS/BUSHINGS KG    

8 Metering Unit  LUMP
SUM 

   

9. 
Ring type Current 
Transformers ( 150/5 A or 
200/5 A) 

No    

10.  LT CT operated Static Three 
Phase TOD meter 

No    

11. LT Distribution Box ( 
Urban) 

LUMP
SUM 

   

11. OTHERS LUMP
SUM 

   

    TOTAL  

 WASTAGE @ %     

 

39   Schedules  
39.1   The bidder shall fill in the following schedules which form part of the tender specification  

and offer. If the schedules are not submitted duly filled in with the offer, the offer shall be 
rejected. 

Schedule `A' -Guaranteed Technical Particulars 

Schedule `B' -Schedule of Tenderer's Experience. 

 

39.2   The discrepancies between the specification and the catalogs, Literatures and indicative  
drawings which are subject to change, submitted as part of the offer, shall not be considered 
and representation in this regard will not be entertained. 

39.3  The Bidder shall submit the list of orders for similar type of equipments, executed of under 
execution during the last three years, with full details in the schedule of Tenderer's 
experience (Schedule `B') to enable the purchaser to evaluate the tender. 



   

Schedule `A' 
GUARANTEED TECHNICAL PARTICULARS 

   As indicated in E-Tendering GTP Parameter  



   

 
SCHEDULE – ‘B’ 

   

SCHEDULE OF TENDERER'S EXPERIENCE 

 

Tenderer shall furnish here a list of similar orders executed/under execution by him to whom a 
reference may be made by Purchaser in case he considers such a reference necessary. 

----------------------------------------------------------------------------------------------------------------- 

Sr. Name of client  Value  Period of supply Name & Address to 

No. & Description.  Of Order & commissioning whom reference may 

       (along with cap.    be made. 

             of  T/F) 

----------------------------------------------------------------------------------------------------------------- 

1  2     3   4   5 

----------------------------------------------------------------------------------------------------------------- 

 

 

 

 

 

 

 

 

 

    NAME OF FIRM _________________________________ 

 

    NAME & SIGNATURE OF TENDERER_______________ 

 

    DESIGNATION____________________________________ 

 

   DATE ____________________________________________ 

 



   

Annexure I 

Air Pressure Test 

 

Name of Supplier: 

Order No.: 

Capacity & Voltage Ratio of Distribution Transformer : ______ kVA, ____/0.433 kV 

Vector Group Dyn11 

Sr. No. of equipment Tested: 

Date of Testing:  

Reference Standard 

 All the opening of the transformer tank were closed with suitable gasket, bushing, valves 
and plugs. The compressor pipe connected at oil filling hole on conservator and a pressure guage 
was fitted at air vent plug. The parallel string were places around the tank, the distance between 
string and tank as shown in following diagram were recorded before applying the pressure and 
after releasing pressure. 

    
Tank Thickness: Side _________ mm.  Top & Bottom ________ mm 

Test Pressure : ______ kg/cm2 applied for 30 Minutes. 

Test Point Distance before Test 

In mm 

Distance after release 
of Pressure in mm 

Deflection 

In mm 

A    

B    

C    

D    

 

Permanent Deflection : ________ mm 

Permissible Limit of Permanent Deflection as per Specification : _____ mm 

 Test witnessed by      Tested by 



   

Annexure II 

Unbalance Current Test 

Name of Supplier: 

Order No.: 

Capacity & Voltage Ratio of Distribution Transformer : ______ kVA, ____/0.433 kV 

Vector Group Dyn11 

Sr. No. of equipment Tested: 

Date of Testing:  

Reference Standard 

 Transformer Secondary terminals 2U, 2V & 2W are shorted. The shorted 2U, 2V & 2W is 
connected to 2N through Ammeter. The primary terminals 1U, 1V & 1W are connected to supply. 
The rated current _____ A is fed to primary and unbalance current is noted on Ammeter. 

 

Unbalance Current Measured in Ammeter : ______ A 

Rated current in Secondary Side : ____________ A 

Permissible limits as per specification : 2% of the Rated current in Secondary Side 

% of Unbalance current with reference to Rated current in Secondary Side 

   

      Unbalance Current x 100 
= 

Rated current in Secondary Side 

  =            

 

  = 

 

 

 Test witnessed by      Tested by 



   

Annexure III 

Temperature Rise Test 
Name of Supplier: 
Order No.: 
Capacity & Voltage Ratio of Distribution Transformer : ______ kVA, ____/0.433 kV 
Vector Group Dyn11 
Sr. No. of equipment Tested: 
Date of Testing:  
Reference Standard 

 H. V. Winding L. V. Winding 
Rated Line Current in Amp   

 
Guaranteed No Load Losses  ________ watt 
Load Losses    ________ watt 
Total Losses    ________ watt 

   
P. T. Ratio :  _______/____  = 
C. T. Ratio :  _______/_____  =  
Wattmeter Constant   = 
Total Multiplying Factor (MF) = 
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Reduced to Rated Current ________ amps 
               
               

Calculation of Temperature Rise in Winding 



   

LV Winding : Since the resistance of LV winding is less than 0.005 ohm, Temperature Rise in LV 
Winding is taken as temperature rise of oil as per clause no. 4.3 of IS:2026 (Part II)/1977 

Temperature Rise in LV Winding = __________ °C 

HV Winding Resistance across 1U1V at _______°C = _______ ohm  

Measurement of Hot Resistance of HV Winding after Shut Down. 

 

Time Resistance 

  

  

  

  

  

  

  

 

Hot winding Resistance at Ambient Temperature _________ °C (from graph) = _______ Ohm 

Temperature Rise in H. V. Winding is 

Hot Resistance x(235+Cold Ambient Temperature) 
= 

Cold Resistance 
- (235+Hot Ambient Temperature 

 

  = 

 

  = 

 

Results : 

1) Temperature Rise in Oil   = _________ °C 

2) Temperature Rise in LV Winding  = _________ °C 

3) Temperature Rise in HV Winding  = _________ °C 

 

 

 Test witnessed by      Tested by 

 



   

 



   

 



   

 



   

 



   

 

                TECHNICAL SPECIFICATION FOR  STATIC  LTCT OPERATED TOD METER 

1.0   SCOPE: 

      This specification covers design, manufacture, testing, supply and delivery of ISI mark, static LTCT 
Operated TOD meter required for Distribution Transformer Centers. Meters shall be suitable for 
measurement of energy (kWh) and demand (kWMD & kVAMD) as per power tariff requirement of 
A.C. balanced / unbalanced loads.  

2.0  SERVICE CONDITIONS:  

        The meters to be supplied against this specification shall be suitable for satisfactory continuous 
operation under the following tropical conditions 

2.1  Environmental Condition        

a) Maximum ambient temperature        50 0C 

b) Maximum ambient temperature in shade      45 0C 

c) Minimum temperature of air in shade      35 0C 

d) Maximum daily average temperature                   40 0C 

e) Maximum yearly weighted average temperature       32 0C     

f) Maximum Relative Humidity (%)                      100 

g) Maximum Annual rainfall (mm)                 1450 

h) Maximum wind pressure (Kg/m.sq)              150 

i) Maximum altitude above mean sea level (meters)     1000 

j) Isoceraunic level (days/year)                                                      50 

k) Seismic level (Horizontal acceleration)                              0.3g 

l) Climate:-  Moderately hot and humid tropical climate  Conducive to rust  

and fungus growth.     

m)  Reference Ambient Temperature for temperature rise                      50 deg C 

3.0   APPLICABLE STANDARDS: 

·  The Meter should conform to requirements of IS:14697/1999(amended up to date) and other 
relevant IS specifications including CBIP Tech-Report-88 amended up to date. The 
specifications given in this document supersedes the relevant clauses of IS: 
14697/1999(amended up to date) wherever applicable. 

·  The meter must  bear ISI Mark. 



   

·  The class  of  accuracy shall be 0.5.    

3.1     Current & Voltage rating   

The energy meter shall be suitable for 200/5 A for 100kVA and 150/5 A for 63 kVA transformers, 
A.C. 3 phase 4 wire 433 Volts 50 Hz system. These meters shall be of direct reading type without 
application of any multiplying factor. The meter shall be electronic (Static) type, 

The voltage range shall be +15% to -30% of rated voltage. 

Current :- Rated basic current 5 Amps.  

The maximum continuous current of the meter is 2 times (200%) of Ib 

3.2  Temperature   

The standard reference temperature for performance shall be 320C. The mean temperature co-
efficient should not exceed 0.03%. 

3.3 Frequency  

The rated frequency shall be 50 Hz ± 10%. 

3.4 Power Factor : Power Factor range - Zero Lag-Unity-Zero Lead. For leading Power factor the value 
of KVAh should be equal to KWh. For the purpose of calculation of average power factor (on the 
basis of KWh / KVAh ). i.e. The value of KVAh shall be based on lagging value of KVARh  & 
KWh.  

3.5 Power consumption - less than 1Watt and 4 VA/phase in voltage circuit and 2 VA in current circuit.  

4.0 CONSTRUCTION 

4.1 The meter shall be projection type, dust and moisture proof. The cover shall be made of 
Polycarbonate material so as to give it tough and non-breakable qualities. The meter body shall be 
type tested for IP51 degree of protection. 

4.2 Standard single terminal block as per IS: 14697/1999 (amended up to date) shall be 
provided. 

 Moulded terminal block conforming to relevant standard to meet the requirement of terminal 
connection arrangement shall be provided. The termination arrangement shall be provided with a 
transparent terminal cover and shall be sealable independently to prevent unauthorized tampering. 

4.3 All insulating materials used in the construction of the meter shall be substantially non-
hygroscopic, non aging and of tested quality. 

4.4 All parts that are likely to develop corrosion under normal working condition shall be effectively 
protected against corrosion by suitable method to achieve durable results. 

4.5     Sealing provision shall be made against opening of the terminal cover and front cover. It is necessary 
to provide unidirectional screws with two holes for sealing purpose. The meter shall be pilfer-proof 
& tamper-proof. 



   

4.6      The meter shall have Poly-carbonate translucent base and transparent cover of Poly-carbonate- 
material, which shall be ultra-sonically welded so that once the meter is manufactured and  tested at 
factory, it should not be possible to open the cover at site except the terminal cover. The thickness 
of material for meter  cover and base shall be 2 mm (minimum).      

4.7 The real time quartz clock shall be used in the meter for maintaining time (IST) and 
calendar. Facility for adjustment of real time should be provided through CMRI with 
proper security.  

4.8 The meter shall be completely factory sealed except the terminal block cover. The 
provision shall be made on the Meter for at least two seals to be put by utility user. The 
Terminal cover should be transparent with one side hinge with sealing arrangement. 

4.9 The Push button shall be provided for high resolution reading of display, as brought out 
elsewhere in this specification. 

4.10 The meter shall have a suitable test output device for testing meter. Preferably the blinking LED 
shall be provided. The test output device should have constant pulse rate i.e. Pulse/KWh and 
pulse/KVARh and its value (meter constant) should be indelibly printed on the name plate.  

4.11   The meter accuracy shall not be affected by AC/DC magnetic field upto 0.2 Tesla on all the 
sides of meter i.e. front, sides, top and bottom of the meter as per CBIP-88 Technical 
Report with latest amendments. Moreover meter accuracy shall not be affected if 
permanent magnet of 0.5 Tesla is applied for 15 minutes.  Under influence of any magnetic 
field (AC/DC/Permanent) above 0.2 Tesla, meter shall record energy considering Imax and 
reference voltage at unity power factor. 

4.12  CTs are to be provided with magnetic shielding and they should be tested separately.  

4.13 The meter shall also be capable to withstand and shall not get damaged if phase-to-phase 
voltage is applied between phases & neutral. 

4.14    The RTC battery & the battery for display in case of power failure should be separate. 

4.15 In meter, Power supply unit should be micro control type instead of providing transformer 
and then conversion to avoid magnetic influence.  

4.16 Non specified display parameter in the meter should be blocked and it should not be 
accessible for reprogramming at site. 

4.17  Complete metering system should not be affected by the external electromagnetic 
interference such as electrical discharge of cables and capacitors, harmonics, electrostatic 
discharges, external magnetic fields and DC current in AC supply etc. The Meter shall meet 
the requirement of CBIP Tech-report 88 (amended up to date). 

4.18 The meter shall have RS232 or RS485 communication port for remote meter reading 
facility and data retrieval shall be possible through this port using CMRI, Laptop, PC and 
Line carrier communication. Sealing arrangement for this Optical port shall be provided. 

4.19   The accuracy of the meter should not be affected with the application of abnormal 
voltage/frequency generating device such as spark discharge of approximately 35 KV. The 
meter shall be tested by feeding the output of this device to meter in any of the following 
manner for 10 minutes: 



   

 i) On any of the phases or neutral terminals 

ii) On any connecting wires of the meter (Voltage discharge with 0-10 mm spark gap) 

           iii) At any place in load circuit 

           The accuracy of meter shall be checked before and after the application of above device. 

4.20 Self Diagnostic Features. 

4.20.1 The meter shall keep log in its memory for unsatisfactory functioning or nonfunctioning of 
Real Time Clock battery, also it shall be recorded and indicated in reading file at base 
computer software. 

4.20.2   All display segments: "LED/LCD Test" display shall be provided for this   purpose.  

4.21  The meter shall have facility to read the default display parameters during Power supply 
failure. An internal maintenance free battery (Ni-mh or Li-ion or NI CD) of long life of 15 
years shall be provided for the same. A suitable Push Button arrangement for activation of 
battery shall be provided. This battery may be of external type with inductive coupling 
arrangement. External Battery is to be provided with inbuilt charger, in the ratio of one 
battery pack per 50 nos. meters. 

4.22 Wire/Cable less design. The meter PCB should be wire less to avoid   improper and loose 
connections / contacts. 

4.23   PCB used in meter shall be made by Surface Mounting Technology. 

5.0 TOD TIMINGS  

 There shall be provision for at least 6 (Six) TOD time zones for energy and demand. The 
number and timings of these TOD time Zones shall be programmable. 

At present the time zones shall be programmed as below: 

TIME ZONE "A"   00-00 to 06.00hrs & 22.00 to 24.00 hrs.  

TIME ZONE "B"       06.00 to 09.00  hrs & 12.00 to 18.00 hrs. 

TIME ZONE "C"            09.00 to 12.00 hrs. 

TIME ZONE “D”            18.00 to 22.00 hrs. 

6.0      ANTI TAMPER FEATURES  

The meter shall detect and correctly register energy only in forward direction under 
following tamper conditions: 

6.1 The meter accuracy shall not be affected by change of phase sequence.  It should maintain 
the desired accuracy in case of reversal of phase sequence. 

6.2   Reversal of line and load terminals. Even on interchanging the load and line wires, the meter 
should register correct energy passing through the meter. 



   

6.3   Drawing of current through local Earth, the meter should register accurate energy even if load 
is drawn partially or fully through a local earth. 

6.4    The three phase meter should continue to work even without neutral. 

6.5    The three phase meter should work in absence of any two phases i.e. it  should work on any one phase 
wire and neutral, to record relevant energy. 

6.6  The meter should work without earth. 

6.7    The potential link shall not be provided. 

6.8    Visual indication shall be provided to safeguard against wrong connections to the meter 
terminals. 

6.9 If the magnetic field (AC/DC/Permanent) is more than 0.2 Tesla then the same should be 
recorded as magnetic tamper event with date & time stamping and the meter should record 
Energy considering the maximum value current  (Imax) at ref. voltage and unity PF in all 
the three phases. 

7.0   TAMPER EVENTS  

The meter should have features to detect the occurrence and restoration of the following 
abnormal events. 

7.1 Missing potential and potential imbalance. 

The meter shall be capable of detecting and recording occurrence and restoration with date and 
time the cases of potential failure and low potential, which could happen due to disconnection of 
potential leads (one or two). Meter shall also detect and log cases of voltage unbalance (10% or 
more for 5 Minutes.) Higher of the 3 phase voltages shall be considered as reference for this 
purpose. 

7.2 Current unbalance: 

The meter shall be capable of detecting and recording occurrence and restoration with date 
and time of current unbalance (30% or more for 15 minutes) Higher of the 3 phase currents 
shall be considered as reference for this purpose. 

7.3 Current Reversal: 

The meter shall be capable of detecting and recording occurrence and restoration with date 
and time of reversal of current with phase identification for persistence time of 5 minutes. 

7.4  Power ON / OFF 

The meter shall be capable to record power ON/OFF events in the meter memory. All 
potential failure should record as power off event.  

The meter shall keep records for the minimum 280 events. (Occurrence + Restoration). For 
above abnormal conditions the recording of events shall be on FIFO basis. It shall be 
possible to retrieve the abnormal event data along with all related snap shots data through 
the meter optical port with the help of CMRI & downloaded the same to the base computer. 
All the information shall be made available in simple & easy to understand format. 



   

7.5 Current circuit short    

The meter shall be capable of detecting and recording occurrences and restoration of 
shorting of any one or two phases of current. 

8.0  DISPLAY OF MEASURED VALUES 

8.1     Permanently backlit LCD panel shall show the relevant information about the parameters to 
be displayed.  The   corresponding non-volatile memory shall have a minimum retention 
time of 10 years. In the case of multiple values presented by a single display it shall be possible to 
display the content of all relevant memories.   When displaying the memory, the identification of  
each  parameter  applied shall be possible. The principal unit for the measured values shall be the  
kilowatthour (kWh)  for active energy,  kVARh  for reactive energy and  kVAh   for apparent 
energy. 

8.2 The display shall be minimum full 5 digit type display. The size of digit should be minimum 10X5 
mm. The decimal units shall not be displayed. The adequate back up arrangement for storing of 
energy registered at the time of power interruption shall be provided. 

8.3      The display parameters will be preprogrammed at factory as per Annexure-II & the scroll period for 
auto scroll should be 9 sec. 

 The meter should Auto reset kVAMD at 24.00 Hrs. of last day of the month and this value shall be 
stored in the memory along with the cumulative kWH reading. No reset push button shall be 
provided.   

The display order shall be as per Annexure -II in addition to the above parameters 

The “record number field should be 10 digits Alphanumeric.(2digit for Zones,2 for Circle & 6 for 
consumer No.)  

8.4  Maximum Demand Integration Period:-Integration period for kVAMD should be of 30 
minutes real time based. However same shall be programmable to 15 minutes if required. 

9.00  DEMONSTRATION 

The purchaser reserves the right to ask to give the demonstration of the equipment offered 
at the purchaser’s place. 

10.0 BILLING HISTORY & LOAD SURVEY 

The meter shall have sufficient non-volatile memory for recording history of billing 
parameters (Cumulative kWh at the time of reset and kVAMD) for last 6 months.  

10.01         Load survey parameters :- kWh , kVAh  

The logging interval for load survey shall be 30 minutes. Load survey data shall be logged 
for last 60 days on non time based basis. i.e. if there is no power for more than 24 hours, 
the day should not be recorded  Whenever meter is taken out and brought to laboratory the 
L/S data shall be retained for the period of actual use of meter. This load survey data can 
be retrieved as and when desired and load profiles shall be viewed graphically / 
analytically with the help of meter application software. The meter application software 
shall be capable of exporting / transmitting these data for analysis to other user software in 
spreadsheet format. 



   

11.0 COMPUTER SOFTWARE. 

For efficient and speedy recovery of data downloaded through CMRI on base computer, 
licensed copies of base computer software shall have to be supplied free of cost. This 
software will be used at number of places up to Division level.  

The computer software shall be "Window" based & user friendly. The data transfer shall be 
highly reliable and fraud proof (No editing shall be possible on base computer by any 
means).The software shall have capability to convert all the data into ASCII format. 

As many copies of base computer software as required up to Division level shall be 
provided by Supplier. 

The protocol used in the meter shall have to be provided at the time of supply for the 
purpose of Automatic Meter Reading System. 

12.0 CONNECTION DIAGRAM AND TERMINAL MARKINGS. 

 The connection diagram of the meter shall be clearly shown on inside portion of the terminal cover 
and shall be of permanent nature.  Meter terminals shall also be marked and this marking should 
appear in the above diagram. The diagram & terminal marking on sticker will not be allowed. 

13.0  NAME PLATE AND MARKING 

Meter shall have a name plate clearly visible, effectively secured against removal and 
indelibly and distinctly marked with all essential particulars as per relevant standards. 
Meter Serial Number shall be Bar Coded along with numeric number. The size of bar coded 
number should not be less than 35x5 mm. The manufacturer’s meter constant shall be 
marked on the name plate. Meter serial number & bar code on sticker will not be allowed. 

In addition to the requirement as per IS following shall be marked on the name plate. 

1) Purchase order No. 

2) Month and Year of manufacture 

3) Name of purchaser i.e. MSEDCL 

4) Guarantee Five Years 

5) ISI mark. 

14.0      EXPERIENCE: - 

The bidder should have minimum 5 years manufacturing and operational experience for the type of 
meter quoted. 

However meter manufacturers having less experience may be considered for trial order if they meet 
the technical specifications. 

15.0     TESTS:- 

15.1   Type Tests:-The Meter shall be fully type tested as per IS: 14697/1999 (amended upto date) and 
within the last 5 (five) years prior to the date of offer. The type test reports of the offered meters 



   

shall be submitted along with the offer. The offers without type test reports shall be rejected. All the 
Type Tests specified in the technical specifications and as per IS: 14697 shall be carried out at 
laboratories which are accredited by the National Board of Testing and Calibration Laboratories 
(NABL) of Govt. of India such as CPRI Bangalore/ Bhopal, ERDA Baroda. Type Test Reports 
conducted in manufacturers own laboratory and certified by testing institute shall not be acceptable.  

The type test reports shall clearly indicate the constructional features of the type tested meters. The 
type test reports for each offered type of meters shall be submitted separately. The purchaser 
reserves the right to demand repetition of some or all the type tests in presence of purchaser’s 
representative at purchaser's cost.  Hence, the tenderer shall quote unit rates for carrying out each 
type test.  However, such unit rates will not be considered for evaluation of the offer. In case  the 
meters is type tested prior  to 5 years from the date of opening of tender,  bidder have to carry out 
the fresh type tests at their cost before commencement of the supply.  

15.2 Acceptance Tests:- ALL acceptance tests as per IS 14697/1999 shall be carried out on the meter. 

15.3 Routine Test:- All  routine tests as per IS:14697/1999   shall be carried  out on all the meters. 

15.4 Transportation Test: 

 At least 50% of the samples of the meters be tested for error at Imax, Ib and 5% Ib at unity 
power factor and 50% Imax and 10% Ib at 0.5 lagging  Power Factor besides checking 
them for starting current. This test shall be conducted on ready to install meter i.e. meter 
cover ultrasonically welded & sealed. After recording these errors, the meters be put in 
their normal packing and transported for at least 50 km in any transport vehicle such as 
pick up van, Jeep, etc. on uneven rural roads and then re-tested at all these loads after the 
transportation. The variation in errors recorded before and after transportation should not 
exceed 1% at higher loads and 1.5% at loads below Ib. 

 

15.5  Other Acceptance Test 

i. The meter shall withstand continuously for a period of at least 5 minutes at a voltage of 
440 V between phase and neutral without damage/problems. 

ii.  Meters shall be tested for tamper conditions as stated in this specification. 

iii.  Glow wire testing for poly-carbonate body. 

iv.  Power consumption tests shall be carried out. 

v. The meter shall comply all the test for external AC/DC magnetic field as per CBIP Tech 
Report 88 with latest amendments. Moreover, the magnetic influence test for permanent 
magnet of 0.5 Tesla for minimum period of 15 minutes shall be carried out. After 
removal of magnet. meter shall be subjected to accuracy test as per IS 14697/1999 
(amended up to date). No deviation in error is allowed in the accuracy as per 
specification.  

vi.  The meter shall withstand impulse voltage at 10 kV.  

The test 15.5,  (i) to (iv) shall be carried out at factory for each inspected lot at the 
time of pre dispatch inspection. 

The tests 15.5  (v) & (vi) shall be carried out on one sample from  first lot as per procedure laid 
down in IS14697/1999( amended up to date) and CBIP Tech-Report 88.( with latest amendments) 



   

in NABL LAB. The test report shall be got approved from CE(Dist.) before commencement of 
supply. 

15.6 For influence quantities like, voltage variation, frequency variation, voltage unbalance etc. 
the limits of variation in percentage error will be as per IS:14697/1999.( amended up to 
date) 

 

15.7   Guaranteed Technical Particulars:- The tenderer should also furnish   the particulars giving specific 
required details of Meters in schedule `A' attached. The offers without the details in Schedule `A' 
stand rejected. 

16.0      PRE-DESPATCH INSPECTION 

All Acceptance tests and inspection shall be carried out at the place of manufacturer unless 
otherwise  specially   agreed  upon  by the manufacturer and purchaser at the time of  purchases. 
The  manufacturer  shall offer to the inspector  representing  the purchaser  all  the  reasonable 
facilities, free  of  charge,  for inspection and testing, to satisfy him that the material is  being  
supplied  in  accordance  with this  specification. The  Board's representative/Engineer attending the 
above testing will carry  out  testing  as per IS:14697/1999   & this specification and   issue  test   
certificate approval to the manufacturer and give  clearance  for despatch. The first lot of meter may 
be jointly inspected by the representative of the Chief Engineer (DISTRIBUTION) and the  
Executive Engineer (INSPECTION WING). 

17.0 JOINT INSPECTION AFTER RECEIPT AT STORES (Random Sample Testing) From each lot 
(lot means the total number of meters received in a Store out of inspected and approved lot by 
E.E.(IW) or purchaser's  representative  under one approval letter) of meters  received  at Stores, 5 
sample meters shall be drawn (meters received in  damage condition shall not be selected as 
samples) and these meters  will  be tested by Our Testing Engineer in presence of Supplier's 
representative  jointly for (i) no load condition,(ii) limits  of  error test  (iii)  starting & (iv) 
repeatability of error test   and  (v) tamper conditions as per this specification. The 15 days advance 
intimation will be given to the supplier  and if  the suppliers fails to attend the joint inspection on 
the  date  informed  ,the Testing will be carried out by our Testing  Engineer in  absence  of 
suppliers representative .If the meters  failed  in  above random sample testing, the lot will be 
rejected.  

18.0     GUARANTEE 

The  Meter  shall be guaranteed for the period of five  years from the date of commissioning or five 
and half year from the  date of  despatch whichever is earlier. The meters  found  defective within 
the above guarantee period shall be replaced/repaired by the supplier free of cost within one month 
of receipt of  intimation. If  the  defective  meters  are  not  replaced/repaired  within the specified 
period above, the Board  shall  recover an equivalent amount plus 15 % supervision charges from 
any  of the bills of the supplier. 

19.0     PACKING 

19.1 The  meters shall be suitably packed in order  to  avoid  damage or disturbance during transit or 
handling. Each meter may be suitably packed in the first instance to prevent ingress of moisture and 
dust and then placed in a cushioned carton of a  suitable  material  to prevent damage  due to shocks 
during transit. The lid of the carton may be suitably sealed.  A suitable number of sealed cartons may 
be packed in a case of adequate strength with extra cushioning, if considered necessary. The cases 



   

may then be properly sealed against accidental opening in transit. The packing cases may  be marked 
to indicate the fragile nature of the contents. 

19.2 The  following information shall be furnished  with  the  consignment: 

                 -    Name of the consignee. 

                  -    Details of consignment 

                  -    Destination 

                  -    Total weight of consignment 

                  -    Sign showing upper/lower side of the crate    

                  -    Sign showing fragility of the material. 

                  -    Handling and unpacking instructions. 

                  -    Bill  of Materials indicating contents of each  package  and spare materials. 

20.0      TENDER SAMPLE 

Tenderers are required to manufacture 3 meters as per Board's specification and keep at their 
works for the purpose of sample inspection and testing.  The Board at their option may send a team 
of Engineers after 10 days of the opening of tender to the works of the tenderer. Prior intimation of 
this inspection may not given to the bidder. 2 selected meters will be tested for various acceptance 
tests and conformation of meters with this specification. 

21.0      QUALITY CONTROL 

The purchaser shall send a team of experienced engineers for assessing the capability of the firm  
for  manufacturing  of meters  as per this specification.  The team should be  given  all  assistance  
and  co-operation for inspection and  testing  at  the bidder's works. 3 tender samples should ready  
for  assessing and testing.  The tenderer has to give all  facilities for carrying out the testing of these 
samples 

22.0 MINIMUM TESTING FACILITIES 

Manufacturer  should  posses fully Automatic computerized Meter  Test  Bench System having 
inbuilt source and load adjustment for carrying out routine and acceptance Tests as per IEC:687 or  
CBIP-88. In addition this facility should produce Test  Reports for each and every Meter. The 
tenderer should have the necessary minimum testing facilities for carrying out the following tests. 

i)     A.C. Voltage test     

ii)     Insulation Resistance Test 

iii)    Test on limits of errors    

iv)    Test on meter constant    

v)     Test of starting condition     



   

vi)    Test of no-load condition     

vii)   Repeatability of error test     

viii)   Test of power Consumption     

ix)    Vibration test 

x)     Shock test     

xi)    Tamper conditions - -as per MSEDCL, specification. 

xii)  The  manufacturer should have duly calibrated  RSS  meter of class 0.1 accuracy. 

23.0       MANUFACTURING ACTIVITIES:-    

              (i) Meter should be manufactured using SMT (Surface Mount  Technology)  components and by 
deploying automatic SMT pick  and  place  machine  and reflow solder process. Further, the 
Bidder should  own  or have assured access(through hire, lease or sub-contract) of above 
facilities. 

             (ii)  Quality should be ensured at the following stages: 

(a) At PCB manufacturing stage each board shall be subjected to computerized bare board 
testing. 

(b) At insertion stage all components should under go computerized    testing    for conforming 
to design parameters and orientation. 

(c)   Complete assembled and soldered PCB should under  go  functional            testing using 
Automatic Test Equipments (ATEs) 

(d)   Prior  to final testing and calibration, all meters  shall  be  subjected  to  aging test (i.e. 
Meters will be kept in ovens  for  72  hours  at 55 0C temperature and atmospheric humidity 
under  real life  condition  at it's full load current .After  72  hours  meters should work 
satisfactory) to eliminate infant mortality. 

(e)  The calibration of meters shall be done in-house. 

(f)  The bidders should submit the list of all imported & indigenous components separately 
used  in meter along with the offer. 

(g)  Bought out items:- A  detailed list of bought out items which are used  in  the  
manufacture  of the meter should be furnished indicating the  name  of  firms  from whom 
these items are procured.  The  bidder  shall also give the details of quality assurance 
procedures followed  by  him in respect of the bought out items. 

24.0 List of Plant and Machinery:    

 

Sr. 
No. 

List of Plant and Machinery used for Energy meter Production 

   



   

1 Fully automatic testing Bench with ICT for testing 
linkless meters 

Routine Testing and Calibration of 
Meters 

2 Semi automatic testing Bench with MSVT Routine Testing and Calibration of 
Meters 

3 IR Tester Insulation testing 

4 HV Tester Insulation testing 

5 Error calculators Error testing 

6 Long duration Running test set ups Reliability Testing 

7 Reference Meters cl0.01 accuracy Error calculation 

8 Ultrasonic welding Machines Welding of meters 

9 Automatic Pick and Place Machines Automatic placing of SMT components 

10 Solder Paste Printing Machine SMT soldering 

11 Soldering Furnace IR reflow SMT soldering 

12 PCB Scanner For testing of PCBs 

13 ATE functional tester For testing of Components 

14 Programmers and Program Loaders Chip Programming Tools 

15 CAD PCB designing setups PCb designing 

16 Furnace IR type for Hybrid Micro Circuits resistance network and HMC 
manufacturing 

17 Laser Trimming Machines trimming of resistances for higher 
accuracy measurement 

18 Wave Soldering Machines Wave soldering of PCBs 

19 Humidity Chamber Accelerated testing for Life cycle  

20 Dry Heat Test Chamber Accelerated testing for Life cycle  

21 Thermal Shock Chamber Accelerated testing for Life cycle  

22 PRO -E Mechanical Design Stations Mechanical CAD stations 

23 Spark Erosion Tool fabricating Machine Tool fabrication and Die manufacturing 

24 CNC wire Cut Tool Fabrication machine Tool fabrication and Die manufacturing 

25 CNC Milling Machine for composite tool fabrication Tool fabrication and Die manufacturing 

26 Injection Moulding Machine Moulding of plastic parts 

27 Vibration testing Machine Vibration testing of Meters 

28 Glow Wire Test machine Testing of Plastic Material 

29 Fast transient burst testing setup Type testing of Meters 

30 Short term over Current testing setup Type testing of Meters 

31 Magnetic and other tamper testing setups Tamper Testing 

32 Impulse Voltage Testing Setup Type testing of Meters 



   

33 Composite Environmental testing chambers Type testing of Meters 

 

24.0 QUALITY ASSURANCE PLAN 

24.1 The tenderer shall invariably furnish QAP as specified in Annexure-I along with his offer the QAP 
adopted by him in the process of manufacturing. 

24.2      Precautions taken for ensuring usage of quality raw material and sub component shall be stated in 
QAP.   

25.0 The COMPONENT SPECIFICATION as per Annexure -III enclosed.. 

26.0 The Bidder can attend Pre Bid Conference for any queries regarding Technical Specification. The 
date & time will be separately informed.  The queries will be replied in the conference only. 
Afterwards no oral/written communication will be entertained.  

27.0     SCHEDULES:- 

         The tenderer shall fill in the following schedules which are part  and  parcel of the tender 
specification and offer.   If the schedules are not submitted duly filled in with the offer, the offer 
shall be liable for rejection. 

              Schedule `B'      ...   Tenderer's Experience 

           The discrepancies if any between the specification and the catalogs and/or literatures submitted 
as part of the offer by   the bidders, the same shall not be considered and representations in this regard 
will not be entertained. 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

 

 

      

ANNEXURE I 

Quality Assurance Plan  

A) The bidder shall invariably furnish the following information alongwith his bid, failing 
which his bid shall be liable for rejection. Information shall be separately given for  
individual type of material offered. 

i) Statement giving list of important raw materials, names of sub- suppliers for the raw 
materials, list of standards according to which the raw materials are tested. List of test 
normally carried out on raw materials  in presence of Bidder's  representative, copies of test 
certificates : 

ii) Information and copies of test certificates as in (i) above in respect of bought out 
accessories. 

iii) List of manufacturing facilities available. 

iv)  Level of automation achieved and list of areas where manual processing exists. 

v) List of areas in manufacturing process, where stage inspections are normally  carried out 
for quality control and details of such tests and inspections. 

vi) List of testing equipment available with the bidder for final testing of equipment specified 
and test plan limitation. If any, vis-a-vis the type, special acceptance and routine tests 
specified  in the relevant  standards. These  limitation shall be very clearly bought out in 
schedule of deviation from specified test requirements. 

B)    The successful bidder shall within 30 days of placement  of order, submit following 
information to the purchaser. 

i) List of raw materials as well as bought out accessories and the names of sub-suppliers 
selected from those furnished alongwith  offers. 

ii) Type  test certificates of the raw materials and bought out  accessories if required by the 
purchaser. 

iii) Quality assurance plan ( QAP) with hold points for purchaser's  inspection. 

 The quality  assurance plant and purchasers hold points shall be discussed between 
the purchaser and bidder before the QAP is finalized. 

C) The contractor  shall operate systems which implement the following : 

i) Hold point : A stage in the material procurement or workmanship process beyond which 
work shall not proceed  without   the documental approval of designated individuals 



   

organizations. The purchaser's  written approval is required to authorise  work to progress 
beyond the hold points indicated in quality assurance plans. 

ii) Notification point :  A stage in the material procurement or  workmanship  process for 
which advance notice of the activity is required to facilitate witness. If the purchaseer does 
not attend after receiving documented notification in accordance with the agreed 
procedures and with the correct  period  of notice then work may proceed. 

D)    The successful bidder shall submit the routine test certificates of bought out accessories 
and central excise passes   for raw material at the time of   routine testing if required by the 
purchaser and ensure that Quality   Assurance  program  of the contractor shall consist of 
the quality  systems and  quality  plans  with the following details. 

i) The structure of the organization. 

·  The  duties and responsibilities assigned to staff ensuring quality of work. 

·  The system for purchasing taking  delivery and verification of material. 

·  The  system for ensuring quality workmanship. 

·  The system for retention of records. 

·  The  arrangements for contractor's  internal auditing.     

 A list of administration and work procedures required to achieve and verify 
contract's quality requirements these procedures shall be made  readily  available to the 
project manager for inspection on request.                    

ii) Quality Plans : 

·  An outline of the proposed work and programme sequence. The structure of the contractor's 
organization for the contract. 

·  The duties and responsibilities assigned to staff ensuring quality of work. 

·  Hold and  notification points. 

·  Submission of engineering documents required by the specification. 

·  The inspection of  materials  and  components on receipt. Reference to the contractor's 
work procedures appropriate to each activity. 

·  Inspection during fabrication/ construction. 

·  Final inspection and test. 

 

 

 

 



   

 

 

 

 

ANNEXURE II 

DISPLAY SEQUENCE FOR THE PARAMETERS. 

(A)  Default Display ( With Scrolling time 9 sec.) 

1.  LCD Test 

2.  Date – Day/Month/Year 

3. Time – Hrs:Min:Sec. 

4. Cumulative kWh reading  

5. Cumulative kWh reading TOD Zone A 

6.  Cumulative kWh reading TOD Zone B 

7.  Cumulative kWh reading TOD Zone C 

8.  Cumulative kWh reading TOD Zone D 

9. Current Month kVAMD in TOD Zone A 

10. Current Month kVAMD in TOD Zone B 

11. Current Month kVAMD in TOD Zone C 

12. Current Month kVAMD in TOD Zone D 

13. Previous Month  kVAMD in TOD Zone A 

14. Previous Month  kVAMD in TOD Zone B  

15. Previous Month  kVAMD in TOD Zone C 

16. Previous Month  kVAMD in TOD Zone D  

17. Cumulative kVAh reading  

18. Power Factor (Average P.F. based on kVAh) 

19. Total number  of Tamper Counts 

 (B)  On – Demand Display  

1  Instantaneous Phase  to Neutral voltage R phase.   

2 Instantaneous Phase  to Neutral Voltage Y phase 

3 Instantaneous Phase  to Neutral voltage B phase. 

4 Instantaneous Line current R phase 

5 Instantaneous Line current Y phase 

6 Instantaneous Line current B phase 

7 Last  date & time of reset (M.D.) 



   

8 Cumulative kVAh reading TOD Zone A  

9 Cumulative kVAh reading TOD Zone B 

10 Cumulative kVAh reading TOD Zone C 

11 Cumulative kVAh reading TOD Zone D 

12 Cumulative RkVAh lag 

13 Cumulative RkVAh lead 

14 High resolution kWh (For calibration) 

15 Rising MD with remaining time up to EOI (For calibration) 

16 kVAMD value M2  Zone A 

17 kVAMD value M2  Zone B 

18 kVAMD value M2  Zone C 

19 kVAMD value M2  Zone D  

20 Number of MD reset  

 

 Note :  

(a) TOD Zones  

zone “A” :- 00=00 Hrs. to 06=00 Hrs. and 22=00 Hrs. to 24=00 Hrs.  

zone “B” :- 06=00 Hrs. to 09=00 Hrs. and 12=00 Hrs. to 18=00 Hrs.  

zone “C” :- 09=00 Hrs. to 12=00 Hrs.  

zone “D” :-_ 18=00 Hrs. to 22=00 Hrs. 
(b) The meter display should return to Default Display Mode if the “On  Demand   Push Button” is 
not operated for more than 15 sec.     

  

 

 

 

 

 

 

 

 

 

 



   

 

 

 

 

 

ANEXURE III 

Sr.
No. 

Component function Requirement Makes and Origin 

1 Current 
Transformers 

The Meters should be with the 
current transformers as measuring 
elements . 

The current transformer should 
withstand for the clauses under 
5&9 of IS-13779  /1999      

The current transformer 
should withstand  for the 
clauses under5&9  of IS-
13779  /1999    

   

2 Measurement or 
computing chips 

The measurement or computing 
chips used in the Meter  should be 
with the Surfacermount type 
along with the ASICs. 

USA: Anolog Devices, Cyrus 
Logic, Atmel, Philips  

South Africa   :SAMES  

Japan  : NEC      

3 Memory chips The memory chips  should not  be  
affected by  external   parameters 
like sparking, high voltage spikes 
or electrostatic discharges.    

USA: Atmel, National 
Semiconductors, Texas 
Instruments,  Philips, ST,  

Japan  : Hitachi or 

4 Display modules a) The display modules should be 
well protected from the external 
Uv radiations. 

b)  The display visibility should 
be sufficient   to read the Meter 
mounted at height of 0.5  meter  
as well as at  the  height of 2 
meters (  refer 3.2 d for Viewing 
angle ).  

c)  The construction of the 
modules should be such that the 
displayed quantity  should not 
disturbed with the life of display ( 
PIN Type ). 

d) It should be trans-reflective 

Hongkong : Genda  

Singapore: Bonafied 
Technologies. 

Korea: Advantek  

China : Success  

Japan : Hitachi,  

 Sony.     



   

HtN or STN type industrial   
grade with extended temperature 
range.                        

5 Communication 

Modules 

Communication modules should 
be compatible for the two ports   ( 
one optical port for 
communication with     meter 
reading instruments &  the other 
hardwired RS 232  port to 
communicate with various 
modems  for AMR ) 

USA: National  

Semiconductors     HP, 
Optonica 

Holland / Korea : Phillips   

Japan : Hitachi 

Taiwan: Ligitek 

6 Optical port Optical port should be used to 
transfer the meter data to meter 
reading instrument.  

The mechanical construction of 
the port should be such to 
facilitate     the data transfer 
easily. 

USA:  National  

Semiconductors     HP,  

Holland / Koread : Phillips   

Japan : Hitachi 

Taiwan: Ligitek 

7 Power supply The power supply should be with 
the Capabilities as per the 
relevant standards. The power 
supply unit of the meter should 
not be affected in case the 
maximum voltage of the system 
appears to the terminals  due to 
faults or due to wrong 
connections 

SMPS Type 

8 Electronic 
components 

The active &  passive components 
should be of the surface mount 
type &  are to be handled & 
soldered by the  state of art  
assembly processes.      

USA :  National 
Semiconductors, Atmel,, 
Philips, Taxas Instruments  

Japan : Hitachi, Oki, AVZ  or 
Ricon Korea; Samsung 

     

9 Mechanical parts a)The internal electrical 
components should be of 
electrolytic copper & should be 
protected from corrosion, rust etc. 

b)The other mechanical 
components should be protected 
from rust, corrosion etc. by 
suitable plating/painting methods. 

 



   

10 Battery Chargeable maintenance free 
guaranteed life of 10 years. 

Varta, Tedirun, Sanyo or 
National. 

11 RTC & Micro 
controller. 

The accuracy  of RTC shall be as 
per relevant IEC /  IS standards.          

USA :  Philips, Dallas Atmel, 
Motorola, Microchip 

Japan : NEC or Oki. 

12 P.C.B. Glass Epoxy, fire resistance grade 
FR4, with  minimum thickness 
1.6 mm.         

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

 

 

 

 

  Technical Specifications for 

63/100 /200 KVA L.T. DISTRIBUTION BOX with M.C.C.Bs. ( single pole) 

       

1. SCOPE: 

Specification covers the design, manufacture, testing at works and supply of Distribution 
Boxes for controlling the L.T. feeders from the L.T. side of Distribution Transformers. The 
system shall be A.C. 3 phase, 4 wire, 433 V, 50 HZ with effectively grounded neutral.  

2.       SERVICE  CONDITIONS : 

The equipment to be supplied against this specification shall be suitable for satisfactory 
continuous operation under the following tropical conditions. 

2.1 Maximum ambient temperature (Degree C)   50 

2.2 Maximum temperature in shade (Degree C)   45 

2.3 Minimum Temperature (Degree C)    3.5 

2.4 Relative  Humidity (percent)             10 to 95 

2.5 Maximum Annual rain fall (mm)     1450 

2.6  Maximum wind pressure (kg/sq.m)               150 

2.7 Maximum  altitude above mean sea level ( Meter)            1000 

2.8 Isoceranic level  (days per year)               50 

2.9 Siesmic level (Horizontal Acceleration)              0.3 g 

   Moderately hot and humid tropical climate conductive to rust and fungus  growth …. 

3. SYSTEM DETAILS: 

Distribution Boxes are meant for control and protection of Distribution Transformers with 
relevant parameters as under:- 

S.N. Particulars Details 

1. KVA rating  63 KVA 100 KVA 200 KVA 

2. Voltage  433 V, 3 Ph, ( 3x 250 V) 

3. Frequency  50 HZ 

4. Phases 3 phase, solidly grounded neutral 

5. Approximate full load 
current of transformer 

84 A 133 A 270 A 



   

6. No. of Outgoing circuits  2 nos  3 nos 

    

 

 

4. Applicable Standards:  

a. IS :13947/1993 (Part 3) for Isolator (Switch Disconnector)  

b. IS: 13947/1993 (Part2)(amended upto date) for L.T. MCCBs. 

c. IS: 8623/1993 (amended upto date) for enclosure Box & for degree of protection 
provided by enclosures of electrical equipments. 

d. IS:4237/1982, IS:8623/1993 (amended upto date) – for general  requirement of L.T. 
switchgears. 

e. IS 13703/1993 ( Part I & II amended upto date) for HRC Fuse Base and HRC Fuse Link.  

5. MANUFACTURE/CONSTRUCTION OF BOXES: 

a. Distribution Boxes shall have Isolator (Switch Disconnector) and HRC fuse base 
with links on incoming circuit and single pole MCCBs & Link Disconnector on 
outgoing circuits with necessary interconnecting Bus Bars/ Links. 

b. Standard General Arrangement of Isolators, HRC fuse base with links, MCCBs, 
Link Disconnector, Neutral Links, Bus Bars, connecting links, Cable termination 
arrangement etc inside the Box is shown in the enclosed drawing No. Dist /DB/04 
for 63/100 KVA and Drawing No. Dist / DB/ 01 for 200 kVA distribution boxes. 

6. INCOMING CIRCUIT –  

6.1  Isolator (Switch Disconnector) -  

  Each distribution box shall have one triple pole Isolator (Switch Disconnector), conforming 
to relevant IS and MSEDCL specification. The bidder shall indicate makes and types of 
offered isolator in GTP. The successful bidder shall submit Type Test Report of the 
isolator as specified in Cl. No. 12.3 (II) for approval of CE(Distribution) before 
commencement of supply. The Switch disconnector to be provided in the Distribution Box 
will be as per MSEDCL’s approval as given in the detailed purchase order.  

The isolator should be front operated triple pole type. If the casing of Isolator is of non-
tracking, heat resistant insulating material, no separate enclosure is required. The isolator 
shall be robust in construction and easy for operation. The handle of the isolator should be 
detachable easily for security purpose while working on L.T. circuits.  

The characteristics of Isolator shall be as follows:  

S.N Characteristics Rating 

  63 KVA  100 KVA 200 KVA  

1. Basic uninterrupted duty  250 A 600A 

2. Mechanism Manual quick make quick break 

3. Standard applicable  IS : 13947 /1993 amended upto date  



   

4. Utilization category AC –23 A 

5. Mechanical  Endurance  As per IS 13497 /1993 amended upto date 

6. Electrical Endurnace As per IS: 13947 /1993 amended upto date 

7. Rated Duty Uninterrupted  

8 Making /Breaking capacity Not less than requirement of AC –23 A category 

9. Two seconds rating  4 KA 8 KA 

10. Rated insulation voltage  660 V 
 

The terminal connector strips of the isolator shall be projecting out of isolator of 80 
mm (minimum) in length on cable connection side and 60mm (minimum) on HRC fuse 
base side as shown in the drawings.  In 63 /100/200 KVA distribution box, the cross 
section of the strips on outside of the isolator shall be provided as below: 

 63/100 KVA -        25X5 mm.  

 200 KVA  -       50X 6 mm 

 The material of isolator strips shall be EC grade tin-plated copper. The terminal strips shall 
be continuous from the point of contact separation inside the Isolator.  

6.2     HRC FUSE  

HRC Fuse of suitable capacity shall be provided between outgoing terminal of Switch 
Disconnector (Isolator) and incoming Busbar as shown in the Drg.No. Dist/DB/08  to 
facilitate electrical breaking of the circuit. Each Distribution Box shall have 3 Nos. of HRC 
Fuse Base with HRC Fuse Links (Blade type Contacts).  

The bidder shall indicate in GTP, the make, type and capacity of HRC Fuse Base and Fuse 
Links offered.  

6.2.1 HRC FUSE BASE 

The base of the HRC Fuse shall be of non-tracking, heat resistant insulating material of 
superior electrical and mechanical properties equivalent to Dough Moulding Compound 
(DMC). The Fuse Base shall be sturdy in construction.  

The extension terminal connector strips of the Fuse Base shall be projecting out on both 
sides, made with two pieces ( half portion of the terminal contact  and extension strip should 
be continuous in one piece), as shown in the drawing.  The dimensions shall be as shown in 
the drawing.  The material for both strips shall be Silver Plated EC Grade copper.  HRC Fuse 
Base should withstand the breaking capacity of the fuse link of 80 kA.  

HRC Fuse base shall be suitable for fuse of 200A for 63/100 KVA distribution box and 400 
A for 200 kVA distribution box. 

6.2.2 HRC FUSE LINK 

The HRC Fuse Links shall be sturdy in construction of “Din Type”. Breaking Capacity shall 
be 80 kA. For fault indication red pop up indicator should come out instantly on fusing.  
Manufacturer’s name, current rating, breaking capacity and type shall be marked on HRC 
fuse link.   



   

HRC Fuse link Current rating for 63/100 /200 KVA distribution box shall be as follows: 

 63 KVA  -     100 A 

100 KVA  -     160 A 

200 KVA  -     315 A. 

The successful bidder shall submit Type Test Report of the HRC fuse base and HRC fuse 
link as specified in Cl. No. 12.3 (III) for approval of CE(Distribution) before commencement 
of supply. The HRC fuse base with links to be provided in the Distribution Box will be as per 
MSEDCL’s approval given in the detailed purchase order.   

 

7. OUTGOING CIRCUITS: 

7.1     MCCBs 

Each distribution box shall have 6 nos. of single-pole MCCBs in 63 KVA /100 KVA Box 
and 9 nos of single-pole MCCBs in 200 KVA box to protect outgoing circuits. MCCB shall 
be conforming to this specification. The bidder shall indicate the makes and types of MCCBs 
offered in GTP. The successful bidder shall submit Type Test Report of the MCCB as 
specified in Cl. No. 12.3 (IV) for approval of CE (Distribution) before commencement of 
supply. The MCCBs to be provided in the Distribution Box will be as per MSEDCL’s 
approval as given in the detailed purchase order. The colour of MCCBs for 63/100 /200 
distribution box shall be as follows: 

63 KVA  - Brown  

100 KVA  - Dark admiral gray 

200 KVA  - Black  

MCCB shall have quick make quick break mechanism. Making of MCCB shall only be 
manual but breaking of MCCBs shall be electrical as well as manual.  

The detailed specification for MCCBs shall be as under. 

S.N Particulars Details 

1. KVA rating  63 KVA 100 KVA 200 KVA 

2. Rated current   150  A 200 A 

3. Fixed overload release setting ( A) 60 A 90 A 120 A 

4. No. of poles  Single pole  

5. Rated service short circuit breaking capacity 
( kA)  which is equal to ultimate breaking 
capacity as per IS 13947 /1993  

10 KA at 0.4 p.f . ( lag)  

 The sequence of operation for this test  shall be, O - t - CO - t - CO, and t = 3 min.). 
The test shall be done at 250V at 0.4 p.f.(lag). Voltage rating phase to phase 433 V 
and phase to earth 250V. 

6. Power factor for short circuit (Max.) 0.4 lag 

7. Utilization category A 



   

8. Rated Insulation Voltage 660 V 
 

  The Busbar dropper and Terminal connection strip of Link Disconnector shall be 
placed in contact terminal of MCCB as shown in the drawing. 

The rated service short circuit breaking capacity as specified in clause No. 5 above, shall 
be based on the rated service short circuit test carried out at specified power factors.  

While the above stipulation regarding the test power factor and the sequence of 
operation shall be binding, the other procedure for making the short circuit test and 
circuit etc. shall generally be in accordance with the Indian Standard applicable to the 
type of circuit breakers under test. 

 

7.2 TIME CURRENT CHARACTERISTICS of MCCBs: 

The L.T. MCCBs shall have time current characteristics as follows: 

Multiple of normal 
Current setting 

Tripping time 

1.05 More than 2.5 hrs. 

1.2 More than 10 minutes and less than 2 hrs. 

1.3 Less than 30 minutes 

1.4 Less than 10 minutes 

2.5 Less than 1 minute 

4.0 Not less than 2 seconds 

6.0 Less than 5 seconds 

12.0 Instantaneous (less than 40 milli seconds.) 

 
For above time/current characteristic, the reference calibration temperature of the breaker 
shall be 50°C. Deration, if any, upto 60°C. ambient temperature shall not exceed 10% of 
the current setting indicated above.  

7.3  LINK DISCONNECTOR :  

Link Disconnector of 200 A capacity shall be provided between outgoing terminal of 
MCCB & cable connection as shown in the Drg.No.Dist/DB/09 to facilitate mechanical 
breaking (manual isolation) of the circuit. 63 /100 kVA  Distribution Box shall have 6 Nos. 
of link Disconnectors and 200 kVA distribution box shall have 9 nos of link Disconnectors. 

The bidder has to indicate the makes and types of Link Disconnector offered in GTP. The 
successful bidder shall submit Type Test Report of Link Disconnector as specified in Cl. 
No. 12.3 (V) for approval of CE (Distribution) before commencement of supply. The link 
Disconnectors to be provided in the Distribution Box will be as per MSEDCL’s approval as 
given in the detailed purchase order.    

The base of the Link Disconnector shall be of non-tracking, heat resistant insulating 
material of superior electrical and mechanical properties equivalent to Dough Moulding 



   

Compound (DMC). The Link Disconnector shall be sturdy in construction and easy in 
operation.  

The link of Link Disconnector shall be of Tin-plated E.C. grade copper. The construction 
of the Link Disconnector shall be such that it shall be hinged type on cable connection end 
and disconnectable at the MCCB end. The disconnection will be with the help of special 
handle/puller. One handle/puller shall be supplied alongwith each Distribution Box. The 
terminal connector strips of the Link Disconnector of 30 x 3 mm cross section, shall be 
projecting out of Link disconnector for minimum length of 80 mm. on cable connection 
side and 56 mm on MCCB outgoing side (as shown in the Drg DIST/DB/09). The cross 
section of knife edge link shall be 20 x 4 mm. The material for both the strips and links 
shall be tin-plated E.C. grade copper. The base of Link Disconnectors for 63 /100/200 
kVA distribution box shall be rated as follows : 

63 and 100 KVA   -  150 A . 

200 KVA   -  200 A. 

 

8 BUSBARS AND CONNECTIONS: 

As shown in Drg DIST/DB/03 & DIST/DB/07, the Incomer feeder should be on right side 
of the distribution box and all outgoing feeders will be on left side of the distribution box, 
with phase sequence RYB to be maintained. The phase busbars and feeder droppers from 
busbars shall be of tin-plated E.C. grade copper. The phase busbar strips shall be of size 
25X5 mm for 63 KVA/100 KVA and 40X8 mm for 200 KVA box. Feeder droppers shall 
be 25X5 mm.  Incomer dropper of 25 x 5 mm cross section for 63 /100 KVA box and 40 x 
8 mm cross section for 200 KVA box be provided.  All busbars and droppers shall be 
properly drilled and deburred. Each busbars shall be of one single strip without any joint. 

Busbars shall be provided with durable PVC insulating sleeves of standard colour code for 
different phases. Corrugated/Spring & Plain washers shall be used for Nut-Bolt 
connections. 

Minimum clearances, wherever shown, shall be as per General Arrangement Drawing 
enclosed with this specifications. Other clearances shall be as per requirement of IS: 
4237/1982 amended upto date. 

9 ENCLOSURE: 

 9.1  The enclosure shall be made up of CRCA MS sheet of 2mm thickness. The manufacturing 
process of Box shall be either Deep Drawn Process or Fabrication. The rounding of 
corners & Slope on Top shall be as shown in the drawing however sharp corners & One 
side slope will be acceptable in case of fabricated box. The fabrication, involving welding, 
shall not have more than two joints. Welding shall be done by MIG (Metal Inert Gas) 
welding process. No joints in the body of box are permitted in Deep Drawn Process. 
Preference will be given to DEEP DRAWN Process of manufacturing of Boxes. 

9.2   The general overall dimensions of 63 / 100 KVA Distribution  Box shall be 1000 x 1000 x 
325 mm and 1305 x 1050 x 325 mm for 200 KVA box.   The enclosure shall have two 
doors. The base and doors of enclosure shall be individually in one piece without any 
welding, except for fixing of the accessories like hinges, clamps, mounting clamps, bolts 
etc. The Box and doors shall be made from 2mm thick CRCA M.S. sheet and sizes shall 
be as mentioned in the drawing. Base and doors shall have flange / collars as shown in 



   

drawing. Collar of Base and doors shall overlap by 10mm. Rubber gasket of suitable size 
shall be provided in between base and doors, such that it provides proper sealing between 
the door and base of box to avoid penetration of dust & ingress of water. Degree of 
protection shall be IP- 33 as per IS-8623/1993 ( amended up to date ). Rubber Gasket 
shall be fixed with suitable adhesive. Four hinges on each side shall be provided from 
inside of the box to fix the doors. Hinges shall be minimum 50 mm in length & made from 
2mm thick sheet. Hinge pin diameter shall be 4mm.  The hinges shall not be visible from 
outside. On closing of doors, right door shall rest on the left door. 

 

9.3  The MCCBs, Link Disconnector, Isolator and HRC fuse base with link shall be housed 
inside the enclosure. Isolator operating handle shall be accessible only after opening of the 
doors. 

9.4   Four set of Louvers (two sets on each side) of suitable size shall be provided as shown in 
drawing. The louvers shall be provided such that heat dissipation is proper. The perforated 
sheet of 20 SWG   with 2.5 mm holes shall be welded from inside of the louvers. 

9.5   Mounting of components inside the enclosure shall allow free  air circulation keeping the 
clearances as per specification. 

9.6  The doors shall be centrally closed with “Godrej” type triple position locking arrangement 
and  shall be operational with a common handle from outside the door. Movement of 
handle will lock the doors at center, top & bottom. A Nylon washer shall be provided 
between the handle and door to avoid penetration of water. One central lock with brass 
levers shall be provided inside the door. Key way shall be provided on the door for 
operating the lock from out side. Key way shall be provided with cover. 

9.7  The surface of the enclosure shall be properly Pre-treated / Phosphated in a Seven-Tank 
process and shall be applied with a powder coating of 40 micron thickness. The powder 
coating shall be of smoke Grey colour for 63 kVA box and light Grey colour for 100 and 
200 KVA box. Powder coating shall be suitable for outdoor use. 

9.8  A suitable cable termination arrangement with support insulators shall be provided  on 
Isolators  and Link Disconnectors. The bimetallic lugs of adequate size, as per enclosed 
specification & drawing, shall be provided. Clearances, Creepages and convenience in 
making connections shall be ensured.  

9.9   Tin-plated EC grade copper Neutral Busbar of 300 x 30 x 5mm for 63/100 KVA box and 
525 x 50 x 5mm for 200 KVA Box capable of carrying for full load current. Neutral 
Busbar shall be isolated with respect to body. The bimetallic lugs of adequate size, as per 
enclosed specification & drawing, shall be provided. Neutral Busbar shall be as shown in 
the drawing attached with the specifications. 

9.10 Two galvanized earthing Bolts of M12 x 50 mm size shall be welded from inside and 
projecting outside of the box as shown  in the drawing. There should be no powder 
coating on the earthing bolts. Two Nuts with washers shall be provided on each bolt. 

9.11 Three bottom plates of the size 125mm x 125mm fixed with four screws from inside shall 
be provided for incoming and outgoing cables. Bottom plates shall be provided with 
suitable holes and rubber glands for the cables. Rubber glands shall be made such that 
internal diameter of glands provided for cables should be closed with the rubber film of 
minimum 1mm thickness. Cable will go through the glands by cutting the film of the 
glands. Bottom plates shall also be provided with cable clamps as shown in drawing. 



   

9.12 Necessary fixing arrangement shall be provided at the back of the enclosure to ensure 
proper fixing on double pole structure by means of suitable clamps at 4 places.   

9.13 Danger Board as shown in drawing shall be riveted on the box.   

9.14 All the components inside the Box shall be mounted on CRCA MS strips of 2mm 
thickness. The mounting strips shall be provided with required bends or ribs to give the 
extra strength and shall be powder coated or zinc plated. 

9.15 All joints of current carrying parts shall be bolted with 8.8 grade High Tensile MS Nuts & 
Bolts, Corrugated/spring & Plain Washers. The nuts & bolts should be of hexagonal type. 
All the nuts, bolts & washers should be properly zinc plated. 

9.16 Each distribution box shall be supplied with proper packing in five ply - corrugated box. 

9.17 Month & year of manufacturing, name of manufacturer / trade mark shall be embossed on 
left side door of distribution box and “MSEDCL” shall be embossed on right side door of 
distribution box. 

9.18 Incoming and outgoing circuit should be duly highlighted with paint by stencil printing. 

9.19 Adequate slope on the top of box shall be provided to drain out rainwater from the top. 

9.20 Spare of 3 Nos. of MCCB and 3 Nos. of HRC fuses should be invariably provided with 
each box. 

9.21 Good-quality plastic sticker leaflet should be pasted inside of distribution box door. The 
matter of instruction leaflet is given along with this specification. All the instructions on 
leaflet should be in Marathi language. 

10 CABLE TERMINATION: 

Adequate size of lugs shall be provided for 3½ core, LT XLPE cable on incoming side and 
out going side for 63/100/200 KVA  boxes as below : 

Incoming side  Outgoing Side  

  63 KVA   120 sq.mm  50/ 70 sq.mm 

  100 KVA   120 sq.mm  50/70 sq.mm 

  200 KVA   185 sq.mm   120 sq.mm 

11 FINISHING OF DISTRIBUTION BOX: 

The surface of the box shall be properly pre-treated / phosphated in seven  tank process and 
shall be applied with powder coating as per Clause No. 9.7. The process facility shall be in-
house to ensure proper quality for outdoor application. 

 

12 TESTS & TEST CERTIFICATES: 

In case of bought out items, routine and acceptance tests as per relevant IS and this 
specification shall be carried out at the original manufacturers' works. 

12.1` Routine Test (Carried out on all boxes): 

12.1.1  Overall Dimensions Checking. 

       12.1.2.  Insulation Resistance Tests. 



   

                  12.1.3   High Voltage Test at 2500 V, 50 Hz AC for one minute. 

                  12.1.4. Operation Test on MCCB/Isolator/Link Disconnector/ HRC fuse base               
and fuse links. 

12.2.    Acceptance Tests (on complete Distribution Box): 

Following tests shall be carried out as  per acceptance tests in addition to routine tests  on 
one random sample of each rating out of the lot offered for inspection: 

i) Temperature rise test on one sample of each rating. 

Temperature rise test will be carried out as per the procedure given below: 

For temperature rise test, a distribution box with all assembly of MCCBs / Link 
Disconnectors / Isolator / HRC fuse base with link shall be kept in an enclosure such that 
the temperature outside the box shall be maintained at 50 ° C. 

20% more current than transformer secondary capacity i.e. for 63 KVA Distribution 
Transformers full load current 84A, 20 % more is 100 A shall be kept in incoming circuit 
keeping outgoing circuits short, till the temperature stabilizes and maximum temperature 
rise should be recorded. 

ii) Time-Current Characteristics 

The MCCB should be tested for time current characteristics at 1.05 & 1.2 times of overload 
release setting current and should pass the requirement given in clause- 7.2. 

12.3.  TYPE TESTS : 

I       ON COMPLETE BOX: 

         a. Temperature rise test:- The temperature rise  test  should  be  carried out as per                           
IS: 8623 -1993 in the manner given below: 

         b.    High voltage test shall be carried out as per IS:8623/ 1993 amended upto date. 

         c.   Short Time Withstand Current Test on Distribution Box shall be carried out as 

   per IS 8623 or latest version. 

 d.  The Distribution Box should be subjected to Short Time Withstand Current Test for 4KA 
for 2 seconds for 63/100 KVA Box and 8 KA for 2 second for 200 KVA box) all the 
circuits independently. The test should be carried out after by- passing MCCBs. 

e. Degree of protection for IP- 33 on complete box shall be carried out as per IS: 13947/1993 
or the latest version thereof. 

  f. Time /current characteristic test on MCCBs shall be carried out as per clause 7.2 of this    
specification as stated above.  

II) ON ISOLATOR (SWITCH DISCONNECTOR): 

All type tests on Isolator (Switch Disconnector) as per IS: 13947/1993 (Part III) 
amended up to date shall be carried out.  

III) ON HRC fuses base and HRC fuse links : 

All type tests on HRC fuses and HRC fuse links IS 13703/1993 ( Part I & II 
amended upto date) for HRC Fuse Base and HRC fuse link  shall be carried out. 

IV) ON MCCB: 



   

All type tests on MCCB as per IS-13947 amended upto date shall be carried out.  

V) ON Link Disconnector :  

Following tests shall be carried out on link disconnector as per IS: 

1. Short Circuit  Withstand Strength  

2. Temperature rise Limits 

3. Mechanical Operations  

 

12.4 TYPE - TEST CERTIFICATES: 

The Distribution Box, Isolator (Switch Disconnector), HRC fuse, HRC Fuse Link and 
MCCB offered shall be fully type tested as per relevant IS and this specification. The 
successful Bidder shall furnish detailed type test reports before commencement of supply.  
The detailed Type Test Reports shall be furnished with relevant oscillogram and certified 
Drawings of the equipment tested. The purchaser reserves the right to demand repetition of 
some or all the Type Tests in presence of purchaser’s representative at purchaser’s cost.  

All the type tests shall be carried out from laboratories which are accredited by the 
National Board of Testing and Calibration Laboratories (NABL) of Government of India 
such as CPRI Bangalore/Bhopal, ERDA Baroda  to prove that the complete Box, Isolator, 
HRC fuse, Link disconnector  & MCCB meet the requirements of the specification. The 
tenderer should also furnish certificate from laboratories that laboratories are having all the 
requisite test facility available in house. The type test Reports conducted in manufacturers 
own laboratory and certified by testing institute shall not be acceptable. 

The Tenderer should also furnish the particulars giving specific required details of 
Distribution Boxes, MCCBs, Isolator and Link Disconnector in Schedule `A’ attached. 

The offers without details in Schedule `A’ stand rejected. 

13.       TESTING & MANUFACTURING FACILITIES : 

The Tenderer must clearly indicate what testing facilities are available in the works of 
manufacturer and whether the facilities are adequate to carry out all Routine & Acceptance 
Tests. These facilities should be available to MSEDCL’s Engineers, if deputed to carry out 
or witness the tests in the manufacturer's works. The tenderer must have all the in-house 
testing facilities to carry out the acceptance tests on the Box. 

The tenderer shall furnish detailed process of manufacturing & Powder coating. In case box 
manufacturing/Powder Coating is to be carried out from outside agencies, the tenderer shall 
furnish the facilities available with the sub-vendor. Undertaking from sub-vendor, 
regarding providing services of these facilities, shall be submitted. 

14.    PROTOTYPE SAMPLE: 

The successful bidders should manufacture 3 Nos. of prototype L.T. Distribution Boxes as 
per the specification and keep ready at their works for the purpose of sample inspection and 
testing. The MSEDCL at their option may sent a team of Engineers to the works. Prior 
intimation of this inspection may not be given to the Bidder.  
 

15.    INSPECTION: 



   

All routine & acceptance tests  and  inspection of material  shall be  carried out at  the  
place of manufacturer. The manufacturer shall offer the Inspector (representing the 
purchaser) all reasonable facilities, free of charge at the time of Inspection. 

            The representative of the Chief Engineer (Distribution) and the Executive Engineer 
(INSPECTION WING) shall jointly inspect the first lot of each rating of box. 

 

16 .     REJECTION: 

The purchaser may select one box at random from a lot of 100 Distribution Boxes of each 
type or part thereof as may be supplied to stores from time to time. The Box so selected 
must pass  all the Type Tests mentioned above otherwise the whole lot of 100 boxes or part 
thereof, from which the box is selected, will be rejected. For this purpose, lots will be 
made, consisting of 100 boxes per lot of each rating, at stores after supply.  

The testing under this clause will be done in any Laboratory of the MSEDCL’s choice 
including MSEDCL’s own Laboratory. Notice of such tests will be given by the MSEDCL 
to supplier. The supplier is at liberty to be present during the testing. 
 

17.   SCHEDULES: 

The tenderer shall fill in the following schedules which form part of the tender 
specification and offer. If the schedules are not submitted duly filled-in with the offer, the 
offer shall be liable for rejection. 

Schedule `B'  -  Tenderer's Experience. 

 The tenderer shall submit the list of orders for similar type of equipments, executed or 
under execution during the last three years, with full details in the schedule of Tenderer's 
experience (Schedule `C') to enable the purchaser to evaluate the tender.  

 

18. DRAWINGS ENCLOSED: 

i)   Dist/DB/01 ii)  Dist/DB/02  

iii) Dist/DB/03   iv) Dist/DB/04     

v) Dist/DB/05   vi) Dist/DB/06   

vii) Dist./DB/07 viii) Dist./DB/08 

ix) Dist./DB/09 x) Dist./DB/10 

xi) Dist./DB/11 xii) Dist./DB/12 

xiii) Dist./DB/13 xiv) Dist./DB/14 

 
 

 

 

 

 

 

 



   

 

 

 

 

 SCHEDULE - `B' 

 
SCHEDULE OF TENDERER'S EXPERIENCE 
 
Tenderer shall furnish here a list of similar orders executed/under execution by him to whom a 
reference may be made by Purchaser in case he considers such a reference necessary. 
 
-------------------------------------------------------------------------------------------------------------- 
Sr.   Name of Client   Value     Period of supply              Name & Address  
No.  & Description    of order  and commissioning   to whom reference  may   be made. 
-------------------------------------------------------------------------------------------------------------- 
 1        2                   3             4                                     5 
-------------------------------------------------------------------------------------------------------------- 
 
 
 
 
 
 
 
 
 
 
 
                  NAME OF FIRM _____________________________________ 
 
                 NAME & SIGNATURE OF THE TENDERER___________________ 
 
                  DESIGNATION ______________________________________ 
 
 
                  DATE _____________________________________________ 
 



   

 
TECHNICAL  SPECIFICATION OF BIMETALLIC LUGS 

 
1)   SCOPE:  
Bimetallic terminal lugs are for use in Distribution Boxes/Distribution Transformer and  other  
O&M application for Crimping Copper and Aluminum Cables and termination on surface namely 
Aluminum/Brass/Copper Plated  terminals without the use of Bimetallic washers. 
 
2)   STANDARD:  
Bimetallic lug crimped joint should conform to all tests laid down in IS-8337 e.g. clause 4.1.1 
(6.2) for initial resistance and clause 4.1.3 (6.4) for Electrical Load Cycle test for 1000 Cycles and 
Tensile Test clause 4.2 (6.5). Type Test certificate to this effect giving numerical values obtained 
must be provided. 
 
3)   SERVICE CONDITION: 
The Lugs to be supplied against this specification shall be suitable for satisfactory continuous 
operation under the following tropical conditions. 
3.1 Maximum ambient temperature ( Degree C)  50 
3.2 Maximum temperature in shade (Degree C)  45 
3.3 Minimum Temperature (Degree C)     3.5 
3.4 Relative  Humidity ( percent)    10 to 95 
3.5 Maximum Annual rain fall (mm)   1450 
3.6  Maximum wind pressure ( kg/sq.m)   150 
3.7 Maximum  altitude above mean sea level ( Meter) 1000 
3.8 Isoceranic level  ( days per year  )   50 
3.9 Siesmic level ( Horizontal Acceleration )  0.3 g 
3.10 Moderately hot and humid tropical climate 
 conductive to  rust and fungus  growth …. 
 
4)   MATERIAL SPECIFICATION:  
Bimetallic lug should be made for electrolytic grade aluminum. Each lug should be copper coated 
by electrolytic process and rich layer of tin should be mounted through out the lug to protect from 
Galvanic Corrosion. The lugs shall be such that the rich layer of tin should not peel of during 
operation. Individual lot should be prefilled with conductive inhibition compound and lug should 
be duly capped to prevent oozing of compound. The ductility of material should be such that 
flowability of material be adequate to flow in to the strand of the conductor and withstand on 
crimping pressure of 8500 PSI. The cut cross section of the joints shall be homogeneous. 
 

5)   GENERAL REQUIREMENTS:  
The minimum dimensions of the bimetallic lug in respect of barrel thickness and holes diameter 
should conform to enclosed Drawing No.DIST/DB/13. 
 
6)   TESTS:  
i) Initial resistance test of bimetallic crimped joint as per IS 8337. 
ii) Heating cycle test for 1000 cycles of crimped joint of bimetallic lugs as per IS 8337. 
iii) Tensile strength test of the crimped joint of bimetallic lug as per IS: 8337. 
iv) Dimensional test as per drawing/offer. 
 
7 TEST CERTIFICATES:  



   

At present the following makes and types of bimetallic lugs are accepted by the MSEDCL. 
Usha Martin Industries, Ismail, Chetna , Klippon, SRI, Alcon, NES , Hames  and  HB  
 In case any other equivalent make of bimetallic lugs, if bidder offered, they should indicate 
makes and types of bimetallic lugs and submit complete type test report of the bimetallic lugs  as 
per specification, clause 12.1 (II) and 12.4 along with the offer. The offers without complete type 
test reports , shall be rejected.  

The bidders should submit the type test report along with the offer. Test should be done in any 
reputed independent laboratory.  The offers without complete type test reports of bimetallic lugs as 
above shall be rejected.   
 
8) DRAWING ENCLOSED: No.DIST/DB/13 



   



   



   



   



   



   



   



   



   



   



   



   



   

 



   



   

 


