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Object A three-phase oil-immersed power transformer with on-load 

tap-changer 

2300-15 

 
Type SFZ-26000/132 Serial No. 1522043 

 
 
Rated power 26000 kVA 
Rated voltage 132 kV ± 11 × 0,91% / 11,5 kV 

Connection symbol Dyn11 
Rated frequency 50 Hz 

 
 
Manufacturer 
 

Shandong Dachi Electric Co., Ltd.,  
Heze, China *) 

Client Shandong Dachi Electric Co., Ltd.,  
Heze, China 

Tested by  KEMA Nederland B.V.,  
Arnhem, The Netherlands  

Date of tests 19 August to 28 October 2015 

 

The object, constructed in accordance with the description, drawings and photographs incorporated in 
this Certificate, has been subjected to the series of proving tests in accordance with 
 

IEC 60076-5 (2006)  

 
This Type Test Certificate has been issued by KEMA following exclusively the STL Guides. 
 

The results are shown in the record of Proving Tests and the oscillograms attached hereto. The values 
obtained and the general performance are considered to comply with the above Standard with respect 
to the dynamic ability to withstand short-circuits. 
 
 
 

 
 

This Certificate applies only to the object tested. The responsibility for 

conformity of any object having the same type references as that tested 
rests with the Manufacturer. 
*) as declared by the manufacturer 
 
This Certificate consists of 71 pages in total. 

 

KEMA Nederland B.V. 
 

 
 
J.P. Fonteijne 
Executive Vice President  
KEMA Laboratories 

 

Arnhem, 30 November 2015 
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INFORMATION SHEET 

 
1 KEMA Type Test Certificate 

A KEMA Type Test Certificate contains a record of a series of (type) tests carried out in accordance 
with a recognized standard. The equipment tested has fulfilled the requirements of this standard and 
the relevant ratings assigned by the manufacturer are endorsed by DNV GL. In addition, the test 
object’s technical drawings have been verified and the condition of the test object after the tests is 
assessed and recorded. The Certificate contains the essential drawings and a description of the 
equipment tested. A KEMA Type Test Certificate signifies that the object meets all the requirements of 
the named subclauses of the standard. It can be identified by gold-embossed lettering on the cover 

and a gold seal on its front sheet. 
The Certificate is applicable to the equipment tested only. DNV GL is responsible for the validity and 
the contents of the Certificate. The responsibility for conformity of any object having the same type 
references as the one tested rests with the manufacturer.  

Detailed rules on types of certification are given in DNV GL’s Certification procedure applicable to 
KEMA Laboratories. 

 
2 KEMA Report of Performance 
A KEMA Report of Performance is issued when an object has successfully completed and passed a 
subset (but not all) of test programmes in accordance with a recognized standard. In addition, the test 
object’s technical drawings have been verified and the condition of the test object after the tests is 
assessed and recorded. The report is applicable to the equipment tested only. A KEMA Report of 
Performance signifies that the object meets the requirements of the named subclauses of the 

standard. It can be identified by silver-embossed lettering on the cover and a silver seal on its front 
sheet. 
The sentence on the front page of a KEMA Report of Performance will state that the tests have been 
carried out in accordance with …… The object has complied with the relevant requirements.  
 
3 KEMA Test Report 

A KEMA Test Report is issued in all other cases. Reasons for issuing a KEMA Test Report could be:  

 Tests were performed according to the client’s instructions. 
 Tests were performed only partially according to the standard. 
 No technical drawings were submitted for verification and/or no assessment of the condition of 

the test object after the tests was performed. 
 The object failed one or more of the performed tests. 
The KEMA Test Report can be identified by the grey-embossed lettering on the cover and grey seal on 

its front sheet.  
In case the number of tests, the test procedure and the test parameters are based on a recognized 
standard and related to the ratings assigned by the manufacturer, the following sentence will appear 
on the front sheet. The tests have been carried out in accordance with the client's instructions. Test 
procedure and test parameters were based on .....  If the object does not pass the tests such 
behaviour will be mentioned on the front sheet. Verification of the drawings (if submitted) and 
assessment of the condition after the tests is only done on client's request. 

When the tests, test procedure and/or test parameters are not in accordance with a recognized 
standard, the front sheet will state the tests have been carried out in accordance with client’s 

instructions.  
 
4 Official and uncontrolled test documents 
The official test documents of DNV GL are issued in bound form. Uncontrolled copies may be provided 
as loose sheets or as a digital file for convenience of reproduction by the client. The copyright has to 

be respected at all times. 
 
5 Accreditation of KEMA Laboratories 
The KEMA Laboratories of DNV GL are accredited in accordance with ISO/IEC 17025 by the respective 
national accreditation bodies. The KEMA Laboratories in the Netherlands are in the RvA register under 
nos. L020, L218, K006, K009 and I049. The KEMA Laboratory in the United States is accredited by the 

A2LA under no. 0553.01. The KEMA Laboratory in the Czech Republic is accredited by CAI under no. 
1035. 
 
 

  



 -3- 2300-15 

 

V
e
rs

io
n
: 

1
 

TABLE OF CONTENTS 

1 Identification of the object tested .................................................................................. 4 

1.1 Ratings/characteristics of the object tested 4 

1.2 Description of the object tested 4 

1.3 List of drawings 4 

2 General Information .................................................................................................... 5 

2.1 The tests were witnessed by 5 

2.2 The tests were observed by 5 

2.3 The transformer was inspected by 5 

2.4 Accuracy of measurement 5 

3 Legend ...................................................................................................................... 6 

4 Reactance measurement overview ................................................................................ 7 

5 Summary of tests ........................................................................................................ 8 

6 Short-circuit tests ..................................................................................................... 10 

6.1 Condition before test 10 

6.2 Test circuit S01 11 

6.3 Calculation sheet short-circuit current 12 

6.4 Photographs before test 13 

6.5 Test results and oscillograms 15 

6.6 Condition after test 26 

6.7 Photographs after test 27 

7 Inspection of the active part ....................................................................................... 29 

7.1 Photographs during inspection 30 

8 Drawings .................................................................................................................. 34 

Appendix A Routine tests before the short-circuit tests .......................................................... 38 

Appendix B Routine tests after the short-circuit tests ............................................................. 52 

 

  



 -4- 2300-15 

 

V
e
rs

io
n
: 

1
 

1 IDENTIFICATION OF THE OBJECT TESTED 

1.1 Ratings/characteristics of the object tested 
 

Voltage  132 kV ± 11 × 0,91% / 11,5 kV  X  

Power 26000 kVA    

Current    113,7 A / 1305,3 A   

Short-circuit impedance 13,06 % X  

Connection symbol Dyn11     

Cooling method ONAF     

Frequency 50 Hz X  

Category II     

Apparent system power 10000 MVA   

 

X = This rating has been proved by the tests of this Certificate. 

 

1.2 Description of the object tested 
 

A three-phase oil-immersed power transformer with on-load tap-changer 

 

1.3 List of drawings 
 

The manufacturer has guaranteed that the object submitted for tests has been manufactured in 

accordance with the following drawings and/or documents. KEMA has verified that these drawings 

and/or documents adequately represent the object tested. The manufacturer is responsible for the 

correctness of these drawings and/or documents and the technical data presented. 

 

The following drawings and/or documents have been included in this Certificate: 

Drawing no./document no. Revision 

8DB.860.6753.1 - 

1DB.710.6753 - 

0DB.319.6753.1 - 

1DB.710.6753.2 - 

 

The following drawings and/or documents are only listed for reference and are kept in KEMA’s files: 

Drawing no./document no. Revision 

5DB.640.6753.1 - 

5DB.602.6753.1 - 

5DB.516.6753.11 - 

6DB.602.6753.2 - 

5DB.516.6753.10 - 

5DB.700.6753 - 

5DB.602.6753.3 - 

0DB.319.6753 - 
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2 GENERAL INFORMATION 

2.1 The tests were witnessed by 
 

Name Company 

Chen, G. 

Chen, X. 

Xu, C. 

Shandong Dachi Electric Co., Ltd., 

Heze, China 

 

2.2 The tests were observed by 
 

Routine tests carried out before the short-circuit tests 

The routine tests carried out before the short-circuit tests were not witnessed by a KEMA inspector. 

 

Short-circuit tests 

Name Company 

Nijman, R.M. KEMA Nederland B.V.,  

Arnhem, The Netherlands 

 

Routine tests carried out after the short-circuit tests 

Name Company 

Houtepen, R. KEMA Nederland B.V.,  

Arnhem, The Netherlands 

 

2.3 The transformer was inspected by 
 

Name Company 

Houtepen, R. KEMA Nederland B.V.,  

Arnhem, The Netherlands 

 

2.4 Accuracy of measurement 
 

The guaranteed uncertainty for the measured voltages and currents taking into account the total 

measuring system, is less than 5%, unless mentioned otherwise. 
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3 LEGEND 
 

Phase indications 

If more than one phase is recorded on oscillogram, the phases are indicated by the digits 1, 2 and 3. 

These phases 1, 2 and 3 correspond to the phase values in the columns of the accompanying table, 

respectively from left to right. 

 

Explanation of the letter symbols and abbreviations on the oscillograms 

pu Per unit (the reference length of one unit is represented by the black bar on the 

 oscillogram) 

I1pri Primary current transformer  

I1sec Secondary current transformer  

I2pri Primary current transformer  

I2sec Secondary current transformer  

I3pri Primary current transformer  

I3sec Secondary current transformer  

Itank Tank current test object  

U1S Supply voltage  

U2S Supply voltage  

U3S Supply voltage 
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4 REACTANCE MEASUREMENT OVERVIEW 
 

Tap position 1 

Test number Reactance 

Measured between the 

phases 

Calculated per leg Change per leg 

  % 

A-B A-C B-C A B C A B C 

Before tests 222,4 222,9 221,6 333,8 335,2 331,4 - - - 

AT 150819-4005 222,4 222,9 221,6 333,7 335,3 331,5 0,0 0,0 0,0 

AT 150819-4007 222,4 222,9 221,6 333,7 335,2 331,5 0,0 0,0 0,0 

AT 150819-4008 222,4 222,9 221,6 333,7 335,2 331,4 0,0 0,0 0,0 

After tests 222,4 222,9 221,7 333,7 335,3 331,6 0,0 0,0 0,0 

 

Tap position 12 

Test number Reactance 

Measured between the 

phases 

Calculated per leg Change per leg 

  % 

A-B A-C B-C A B C A B C 

Before tests 175,1 174,9 174,4 263,0 262,5 261,1 - - - 

AT 150819-4010 175,1 174,9 174,5 263,0 262,5 261,3 0,0 0,0 0,1 

AT 150819-4011 175,1 174,9 174,5 263,1 262,6 261,2 0,0 0,0 0,0 

AT 150819-4012 175,2 174,9 174,5 263,2 262,5 261,2 0,1 0,0 0,0 

After tests 175,1 175,0 174,5 263,0 262,6 261,3 0,0 0,0 0,1 

 

Tap position 23 

Test number Reactance 

Measured between the 
phases 

Calculated per leg Change per leg 

  % 

A-B A-C B-C A B C A B C 

Before tests 140,7 140,4 140,2 211,5 210,4 209,9 - - - 

AT 150819-4014 140,7 140,4 140,2 211,5 210,5 210,0 0,0 0,0 0,1 

AT 150819-4015 140,7 140,4 140,2 211,5 210,5 210,0 0,0 0,0 0,0 

AT 150819-4016 140,7 140,4 140,2 211,5 210,5 210,0 0,0 0,0 0,1 

After tests 140,7 140,4 140,2 211,5 210,5 210,0 0,0 0,0 0,1 

 

Maximum deviation 

The maximum deviation in reactance per leg was 0,1%. 

The maximum deviation allowed in accordance with IEC 60076-5 is 2,0%.    

 

Note: 

Reactance calculated per leg value as if primary windings are connected in star configuration 
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5 SUMMARY OF TESTS 
 

 

Short-circuit tests 

Test no.   
150819 
4004 

150819 
4005 

150819 
4007 

150819 
4008 

150819 
4010 

150819 
4011 

Tap position    1 1 1 1 12 12 

 C kV 73,8 78,6 78,7 79,5 72,2 72,1 

Voltage, phase value, beginning B kV 69,2 77,7 77,8 78,6 71,0 71,1 

 A kV 72,8 78,9 78,8 79,6 72,0 72,0 

 C kV 72,2 78,3 78,4 79,1 71,7 71,8 

Voltage, phase value, end B kV 67,9 77,5 77,5 78,3 70,7 70,9 

 A kV 71,9 78,5 78,4 79,3 71,6 71,7 

 C kA -1,54 1,82 -1,80 1,85 1,25 -1,20 

Current HV-winding, peak value B kA -0,94 -0,98 -0,98 -0,99 2,04 -2,04 

 A kA 1,55 -1,80 1,78 -1,83 -2,17 2,11 

 C kA 0,59 0,68 0,68 0,69 0,80 0,79 

Current HV-winding, phase value, beginning B kA 0,64 0,67 0,67 0,68 0,79 0,79 

 A kA 0,60 0,68 0,68 0,69 0,80 0,79 

 C kA 0,59 0,67 0,67 0,68 0,79 0,79 

Current HV-winding, phase value, end B kA 0,63 0,67 0,67 0,68 0,78 0,78 

 A kA 0,60 0,68 0,68 0,68 0,79 0,79 

 C kA 0,59 0,68 0,68 0,69 0,80 0,79 

Current HV-winding, phase value, average B kA 0,64 0,67 0,67 0,68 0,79 0,79 

 A kA 0,60 0,68 0,68 0,69 0,80 0,79 

 C kA -16,5 18,8 -18,7 18,9 -18,8 19,0 

Current LV-winding, peak value B kA -16,6 18,4 -18,5 18,5 25,7 -25,8 

 A kA 21,1 -24,7 24,8 -24,7 -20,5 20,4 

 C kA 7,98 8,75 8,75 8,85 9,26 9,25 

Current LV-winding, phase value, beginning B kA 8,04 8,77 8,77 8,86 9,22 9,24 

 A kA 7,68 8,86 8,89 8,93 9,34 9,37 

 C kA 7,94 8,70 8,69 8,78 9,18 9,18 

Current LV-winding, phase value, end B kA 7,98 8,71 8,71 8,80 9,17 9,16 

 A kA 7,71 8,82 8,83 8,88 9,28 9,30 

 C kA 7,98 8,74 8,74 8,84 9,25 9,24 

Current LV-winding, phase value, average B kA 8,04 8,77 8,77 8,86 9,22 9,23 

 A kA 7,32 8,42 8,44 8,93 9,34 9,37 

 C s 0,249 0,249 0,250 0,250 0,257 0,257 

Current duration B s 0,249 0,249 0,250 0,250 0,255 0,256 

 A s 0,249 0,249 0,250 0,250 0,257 0,257 

Remarks 

150819-4004 
No visible disturbance.  

Test parameters below tolerance due to saturation of test stations transformers. 

150819-4005 No visible disturbance. 

150819-4007 No visible disturbance. 

150819-4008 No visible disturbance. 

150819-4010 No visible disturbance. 

150819-4011 No visible disturbance. 
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Short-circuit tests (continued) 

Test no.   
150819 
4012 

150819 
4014 

150819 
4015 

150819 
4016 

  

Tap position    12 23 23 23   

 C kV 72,3 64,9 64,9 64,8   

Voltage, phase value, beginning B kV 71,5 64,2 64,1 64,1   

 A kV 72,5 64,9 65,0 65,0   

 C kV 72,0 64,6 64,5 64,5   

Voltage, phase value, end B kV 71,1 63,8 63,7 63,7   

 A kV 72,1 64,6 64,6 64,6   

 C kA 1,19 -2,34 2,36 -2,34   

Current HV-winding, peak value B kA 2,08 2,34 -2,33 2,34   

 A kA -2,15 1,32 -1,35 1,32   

 C kA 0,80 0,89 0,90 0,89   

Current HV-winding, phase value, beginning B kA 0,79 0,89 0,89 0,89   

 A kA 0,80 0,89 0,90 0,89   

 C kA 0,79 0,88 0,89 0,89   

Current HV-winding, phase value, end B kA 0,79 0,88 0,88 0,88   

 A kA 0,79 0,88 0,89 0,88   

 C kA 0,80 0,89 0,90 0,89   

Current HV-winding, phase value, average B kA 0,79 0,89 0,89 0,89   

 A kA 0,80 0,89 0,89 0,89   

 C kA -19,5 -26,0 26,0 -26,1   

Current LV-winding, peak value B kA 25,8 19,6 -19,6 19,7   

 A kA -20,0 20,0 -19,9 20,0   

 C kA 9,30 9,32 9,32 9,33   

Current LV-winding, phase value, beginning B kA 9,29 9,31 9,32 9,30   

 A kA 9,38 9,43 9,37 9,43   

 C kA 9,22 9,22 9,22 9,23   

Current LV-winding, phase value, end B kA 9,22 9,21 9,21 9,21   

 A kA 9,31 9,33 9,30 9,33   

 C kA 9,29 9,30 9,30 9,31   

Current LV-winding, phase value, average B kA 9,28 9,29 9,30 9,29   

 A kA 9,38 9,42 9,37 9,43   

 C s 0,257 0,263 0,263 0,263   

Current duration B s 0,256 0,264 0,263 0,263   

 A s 0,257 0,264 0,264 0,264   

Remarks 

150819-4012 No visible disturbance. 

150819-4014 No visible disturbance. 

150819-4015 No visible disturbance. 

150819-4016 No visible disturbance. 
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6 SHORT-CIRCUIT TESTS 
 

Standard and date 

Standard IEC 60076-5 

Test date(s) 19 August 2015 

 

6.1 Condition before test 
 

Transformer previously subjected to routine test, carried out at the factory of the manufacturer 

without presence of a KEMA inspector, see Appendix A. 

Supply to HV windings.  
LV windings pre-set short-circuited by means of shunts and earthed.  
Neutral point solidly earthed.  
Tank earthed via an earth fault current indicating CT. 
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6.2 Test circuit S01 
 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

G = Generator TO = Test Object U = Voltage Measurement to earth   

MB = Master Breaker L = Reactor I = Current Measurement   

MS = Make Switch R = Resistor     

PT = Power Transformer C = Capacitor     

Supply 

Power MVA 1768 

Frequency Hz 50 

Phase(s)  3 

Voltage kV 162 

Current kA 6,3 

Impedance  14,8 

Power factor  < 0,1 

Neutral  not earthed 

Voltage control elements added 
(supply) 

Cs µF 0,79 

R1  282 

Remarks: - 

Load 

Short-circuit point earthed 

G LMB MS PT R1CS

U

U

U

TO














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6.3 Calculation sheet short-circuit current 
 

System power of: 10000 MVA   

System voltage of: 132 kV   

Tap position 1 Max. 12 Nom. 23 Min. 

Tap voltage 145,2 kV 132,0 kV 118,8 kV 

Impedance voltage 13,69% 13,06% 12,95% 

Resistance (75 °C) 0,41% 0,41% 0,49% 

    

    

Tap position 1 Max.   

Supply voltage: 145,2 kV   

Terminal voltage: 143,0 kV   

Short-circuit current Minimum value Rated Maximum value 

HV current 0,67 kA 0,74 kA 0,82 kA 

LV current 8,45 kA 9,39 kA 10,33 kA 

LV peak current 22,74 kA 23,94 kA 25,13 kA 

HV reactance: 111,0    

HV inductance: 353,2 mH   

    

Tap position 12 Nom.   

Supply voltage: 132,0 kV   

Terminal voltage: 129,4 kV   

Short-circuit current Minimum value Rated Maximum value 

HV current 0,77 kA 0,85 kA 0,94 kA 

LV current 8,82 kA 9,80 kA 10,78 kA 

LV peak current 23,74 kA 24,99 kA 26,24 kA 

HV reactance: 87,48    

HV inductance: 278,5 mH   

    

Tap position 23 Min.   

Supply voltage: 118,8 kV   

Terminal voltage: 115,9 kV   

Short-circuit current Minimum value Rated Maximum value 

HV current 0,86 kA 0,95 kA 1,05 kA 

LV current 8,85 kA 9,84 kA 10,82 kA 

LV peak current 23,83 kA 25,08 kA 26,34 kA 

HV reactance: 70,25    

HV inductance: 223,6 mH   

    

Peak factor according to IEC = 2,55 Zsupply / Ztrafo = 1,99% 

Peak factor according to X/R = 2,70   
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6.4 Photographs before test 
 



 -14- 2300-15 

 

V
e
rs

io
n
: 

1
 

  



 -15- 2300-15 

 

V
e
rs

io
n
: 

1
 

6.5 Test results and oscillograms 
 

Overview of test numbers 

150819-4004, 4005, 4007, 4008, 4010 to 4012, 4014 to 4016 

 

Remarks 

- 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance.  

Test parameters below tolerance due to saturation of test stations transformers. 

Test number: 150819-4004 

Phase   C B A 

Tap position   1 

Voltage, phase value, beginning kV 73,8 69,2 72,8 

Voltage, phase value, end kV 72,2 67,9 71,9 

Current HV-winding, peak value kA -1,54 -0,94 1,55 

Current HV-winding, phase value, beginning kA 0,59 0,64 0,60 

Current HV-winding, phase value, end kA 0,59 0,63 0,60 

Current HV-winding, phase value, average kA 0,59 0,64 0,60 

Current LV-winding, peak value kA -16,5 -16,6 21,1 

Current LV-winding, phase value, beginning kA 7,98 8,04 7,68 

Current LV-winding, phase value, end kA 7,94 7,98 7,71 

Current LV-winding, phase value, average kA 7,98 8,04 7,32 

Current duration s 0,249 0,249 0,249 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

Test number: 150819-4005 

Phase   C B A 

Tap position   1 

Voltage, phase value, beginning kV 78,6 77,7 78,9 

Voltage, phase value, end kV 78,3 77,5 78,5 

Current HV-winding, peak value kA 1,82 -0,98 -1,80 

Current HV-winding, phase value, beginning kA 0,68 0,67 0,68 

Current HV-winding, phase value, end kA 0,67 0,67 0,68 

Current HV-winding, phase value, average kA 0,68 0,67 0,68 

Current LV-winding, peak value kA 18,8 18,4 -24,7 

Current LV-winding, phase value, beginning kA 8,75 8,77 8,86 

Current LV-winding, phase value, end kA 8,70 8,71 8,82 

Current LV-winding, phase value, average kA 8,74 8,77 8,42 

Current duration s 0,249 0,249 0,249 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

 

Test number: 150819-4007 

Phase   C B A 

Tap position   1 

Voltage, phase value, beginning kV 78,7 77,8 78,8 

Voltage, phase value, end kV 78,4 77,5 78,4 

Current HV-winding, peak value kA -1,80 -0,98 1,78 

Current HV-winding, phase value, beginning kA 0,68 0,67 0,68 

Current HV-winding, phase value, end kA 0,67 0,67 0,68 

Current HV-winding, phase value, average kA 0,68 0,67 0,68 

Current LV-winding, peak value kA -18,7 -18,5 24,8 

Current LV-winding, phase value, beginning kA 8,75 8,77 8,89 

Current LV-winding, phase value, end kA 8,69 8,71 8,83 

Current LV-winding, phase value, average kA 8,74 8,77 8,44 

Current duration s 0,250 0,250 0,250 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

 

Test number: 150819-4008 

Phase   C B A 

Tap position   1 

Voltage, phase value, beginning kV 79,5 78,6 79,6 

Voltage, phase value, end kV 79,1 78,3 79,3 

Current HV-winding, peak value kA 1,85 -0,99 -1,83 

Current HV-winding, phase value, beginning kA 0,69 0,68 0,69 

Current HV-winding, phase value, end kA 0,68 0,68 0,68 

Current HV-winding, phase value, average kA 0,69 0,68 0,69 

Current LV-winding, peak value kA 18,9 18,5 -24,7 

Current LV-winding, phase value, beginning kA 8,85 8,86 8,93 

Current LV-winding, phase value, end kA 8,78 8,80 8,88 

Current LV-winding, phase value, average kA 8,84 8,86 8,93 

Current duration s 0,250 0,250 0,250 



 -20- 2300-15 

 

V
e
rs

io
n
: 

1
 

Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

Test number: 150819-4010 

Phase   C B A 

Tap position   12 

Voltage, phase value, beginning kV 72,2 71,0 72,0 

Voltage, phase value, end kV 71,7 70,7 71,6 

Current HV-winding, peak value kA 1,25 2,04 -2,17 

Current HV-winding, phase value, beginning kA 0,80 0,79 0,80 

Current HV-winding, phase value, end kA 0,79 0,78 0,79 

Current HV-winding, phase value, average kA 0,80 0,79 0,80 

Current LV-winding, peak value kA -18,8 25,7 -20,5 

Current LV-winding, phase value, beginning kA 9,26 9,22 9,34 

Current LV-winding, phase value, end kA 9,18 9,17 9,28 

Current LV-winding, phase value, average kA 9,25 9,22 9,34 

Current duration s 0,257 0,255 0,257 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

 

Test number: 150819-4011 

Phase   C B A 

Tap position   12 

Voltage, phase value, beginning kV 72,1 71,1 72,0 

Voltage, phase value, end kV 71,8 70,9 71,7 

Current HV-winding, peak value kA -1,20 -2,04 2,11 

Current HV-winding, phase value, beginning kA 0,79 0,79 0,79 

Current HV-winding, phase value, end kA 0,79 0,78 0,79 

Current HV-winding, phase value, average kA 0,79 0,79 0,79 

Current LV-winding, peak value kA 19,0 -25,8 20,4 

Current LV-winding, phase value, beginning kA 9,25 9,24 9,37 

Current LV-winding, phase value, end kA 9,18 9,16 9,30 

Current LV-winding, phase value, average kA 9,24 9,23 9,37 

Current duration s 0,257 0,256 0,257 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

Test number: 150819-4012 

Phase   C B A 

Tap position   12 

Voltage, phase value, beginning kV 72,3 71,5 72,5 

Voltage, phase value, end kV 72,0 71,1 72,1 

Current HV-winding, peak value kA 1,19 2,08 -2,15 

Current HV-winding, phase value, beginning kA 0,80 0,79 0,80 

Current HV-winding, phase value, end kA 0,79 0,79 0,79 

Current HV-winding, phase value, average kA 0,80 0,79 0,80 

Current LV-winding, peak value kA -19,5 25,8 -20,0 

Current LV-winding, phase value, beginning kA 9,30 9,29 9,38 

Current LV-winding, phase value, end kA 9,22 9,22 9,31 

Current LV-winding, phase value, average kA 9,29 9,28 9,38 

Current duration s 0,257 0,256 0,257 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

 

Test number: 150819-4014 

Phase   C B A 

Tap position   23 

Voltage, phase value, beginning kV 64,9 64,2 64,9 

Voltage, phase value, end kV 64,6 63,8 64,6 

Current HV-winding, peak value kA -2,34 2,34 1,32 

Current HV-winding, phase value, beginning kA 0,89 0,89 0,89 

Current HV-winding, phase value, end kA 0,88 0,88 0,88 

Current HV-winding, phase value, average kA 0,89 0,89 0,89 

Current LV-winding, peak value kA -26,0 19,6 20,0 

Current LV-winding, phase value, beginning kA 9,32 9,31 9,43 

Current LV-winding, phase value, end kA 9,22 9,21 9,33 

Current LV-winding, phase value, average kA 9,30 9,29 9,42 

Current duration s 0,263 0,264 0,264 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

 

Test number: 150819-4015 

Phase   C B A 

Tap position   23 

Voltage, phase value, beginning kV 64,9 64,1 65,0 

Voltage, phase value, end kV 64,5 63,7 64,6 

Current HV-winding, peak value kA 2,36 -2,33 -1,35 

Current HV-winding, phase value, beginning kA 0,90 0,89 0,90 

Current HV-winding, phase value, end kA 0,89 0,88 0,89 

Current HV-winding, phase value, average kA 0,90 0,89 0,89 

Current LV-winding, peak value kA 26,0 -19,6 -19,9 

Current LV-winding, phase value, beginning kA 9,32 9,32 9,37 

Current LV-winding, phase value, end kA 9,22 9,21 9,30 

Current LV-winding, phase value, average kA 9,30 9,30 9,37 

Current duration s 0,263 0,263 0,264 
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Short-circuit test 

 

  
  

  

  

  

  

  

  

  

  

  
  

Remarks: No visible disturbance. 

 

Test number: 150819-4016 

Phase   C B A 

Tap position   23 

Voltage, phase value, beginning kV 64,8 64,1 65,0 

Voltage, phase value, end kV 64,5 63,7 64,6 

Current HV-winding, peak value kA -2,34 2,34 1,32 

Current HV-winding, phase value, beginning kA 0,89 0,89 0,89 

Current HV-winding, phase value, end kA 0,89 0,88 0,88 

Current HV-winding, phase value, average kA 0,89 0,89 0,89 

Current LV-winding, peak value kA -26,1 19,7 20,0 

Current LV-winding, phase value, beginning kA 9,33 9,30 9,43 

Current LV-winding, phase value, end kA 9,23 9,21 9,33 

Current LV-winding, phase value, average kA 9,31 9,29 9,43 

Current duration s 0,263 0,263 0,264 
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6.6 Condition after test 
 

Externally no visible change. 
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6.7 Photographs after test 
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7 INSPECTION OF THE ACTIVE PART 
 

On 28 October 2015 the transformer was untanked and the active part was inspected by a KEMA 

inspector at the factory of the manufacturer. 

 

The out-of-tank inspection with respect to displacements, deformations of core and windings, 

connections and supporting structures or traces of discharges did not reveal any apparent defects. 
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7.1 Photographs during inspection 
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8 DRAWINGS  
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Appendix A Routine tests before the short-circuit tests 
 

Routine tests before the short-circuit tests were carried out at the factory of the manufacturer in  

May 2015 without the presence of a KEMA inspector.  

 

See enclosed report on the following pages.   

 

The responsibility for the content of this report rests with the manufacturer.
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Appendix B Routine tests after the short-circuit tests 
 

Routine tests after the short-circuit tests were carried out at the factory of the manufacturer in 

October 2015 in presence of a KEMA inspector. 

 

See enclosed report on the following pages.  
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TEST REPORT

ìÂffiåffi' ã'älÆilEÈrAEåS
Product:On Load Tap Changer Power Transformer

Product tvpe: SßZ-2600011s2
ìÂffiffiË: 1s22043
Product number: 1522043
ìÂ& EI Hl: 201s-10
Test date: Oct. 2015

oNv.GL

fr

+8. ùñËåù,þ,nãrR^ãJ
Shandong Dachi Electric Co. rLtd of China
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1. ìÃ,Fr+W. Para neter of product
ãnÈãË
Rated power 26000 I 26000 kVA
ãFÈHE
Rated voltage: 132 / 11.5 kV
ãFÈÈiN
Rated current: 113.7 / 1305.3 A
ÈnÈ.ün4
Rated frequency 50 Hz

fH W.

Phase 3

ffiÆt\+,s+
Connection group Dynll
âÊËE
Tapping range 132+ 11x0.91"/o / 11.5 kV
ìâ*FÈrt
Method of cooling ONAN / ONAF

2&ätK*
Insulating level h.v. *.Wffi f

h.v. Line terminal Um 145iLI650ILIC TlSlAC2TSkV
r.v. &Wffif
l.v. Line terminal Uml2tLI ll0/LIC I2llAC 38 kV

2. ìA&+ñÏÊstandards of test
IEC 60076-1: 20ll ( Ê,7:48 +þ ffil#tl ,Ë.[]J Power transformer Part 1: General)

rEC 60076-3: 2013 ( É,rÞE# H3#h Æ%tKy'_ 24%ìÅP-ffiil.Æã.ãF.lilW
Power transformer-Part3: Insulation levels, dielectric tests and external clearances in air)

rEC 60076-4: 2002 ( Ë,r48 +* ffi4ilir, Ê,rAEåSf¡ Ê,fl¡åSÉiEF Ë,¡rËflæ,ff#t
ìfr&+[lJ Power transformer-Part 4: Guide to the lighting impule and switching impule
testing-Power transformer and reactor)

DNv. GiL

¡ r¡nutêÞêñ c-

illl,â4'"''-:;
@È6sffi¡==
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3. ìA&rn He-ÆXTest item and result
3. 1 ãålìfr&

Leakage test

'L,H
ET

Result

ãffi
Passed

3.2 Æ%HPEetX.íN,fF&lIüË Measurement of insulation resistance and
polarisation index iÉÌffi. temprature of oiI(C): 22.5

trL E,Ã^

Results

àÆ
Passed

àffi
Passed

àffi
Passed

àffi
Passed

ãffi
Passed

3.3 
^ffiffiffi 

(ts 6 %) ÉltIüË
Measurement of dielectric loss ltsõ7o) lÉiR Temprature of oil (C) ' 22.5

tL EEtÃ 7ñ

Results

à&
Passed

èÆ
Passed

èÆ

3. 4 AE +*ænÆMjÅW Transformer winding
u

deformation test
ET&ÈEä]TãFT BRTCI I N,E#æ'HT+ffi IIÜ ìfr ,fT

WuHan High Voltage Institute BRTCII Transformer winding feature
úMWÉ Wave Shape is attached

ffi?*r'Jlsl n
Duration

24

th[+,#w.
polarisation

index

R6ooiR6o

1. 66

1.96

1. 83

&EËzoc
o/o

Emended
value

0. 209

0. 260

*tflüË
o//o

Measured
value

0.223

0.278

0.279

Æ%HPHGA

Insulation resistance

&oo

69. 9

59.4

64.4

ffi,frn]nh (kpa)

Applied pressure

30

üüËÈ,ä
(nF)

Measured
capacitance

7. 596

t3.52

12. 16

&o

42.1

30. 3

35.2

L4.6

14.5

È6tr¡Ê,8
(KV)

Apptied
voltage

9. 993

9. 988

9.988

È i*
Method

ãEi*
Atmospherci pressure

(normal pressure=l01kPa)

utÈÈ[,fù

Measurement position

ÈE-fftEñ,ffetu
h.v.-1.v.&E

l.v.-h.v.&E

ÈlKE-ñl+htu
h.v.&1.v.--E

ffi.'ù,-ñI+'-Ifu
Core-tank&E

*l+-ft,t+'-tþ,
Clamps-tank&E

l)n fii È[ 4i

Applied voltage position

ÈE--,fft8Ãiü
h.v.-1.v.&E

,fftE--iüÃÈE
l.v.-h.v.&E

È8,ffttr--iü
h.v.&t.v.--E
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3. 5 È,E bLÌTtlË E.fr,TfFRËX6 ÉT&È

Measurement of voltage ratio and check of connection

r€ÊrEf6€
Connection

group
symbol

F{
FlÁ
H

â

ìflü Ë Iñ Ev,
Measured deviation

CNca

0. 13

0. t2

0.11

0.11

0.09

0. 09

0. 08

0. 07

0. 06

0. 05

0.04

0. 03

0.02

0. 00

0. 00

0.00

0.00

-0.02

-0.02

-0. 03

-0.04

-0.06

-0. 07

BC/bc

0. 13

0. t2

0.11

0.11

0. 09

0. 09

0. 07

0. 07

0. 05

0. 05

0.04

0.02

0.02

0. 00

0. 00

0.00

0.00

-0.02

-0. 03

-0.04

-0. 05

-0. 06

-0. 08

AB/ab

0. 13

0. t2

0. 11

0. 11

0. 09

0. 09

0. 08

0. 07

0. 06

0. 05

0.04

0. 03

0. 02

0. 00

0. 00

0.00

0.00

-0. 02

-0. 03

-0.04

-0. 05

-0. 06É
v -0.08

IRF.æ.H

l.v. winding

11.5000

ÈEæ,28"
h.v. winding

H Ew Voltage

t45.2t32

t44.0120

142.8108

141.6096

140. 4084

139.2072

138. 0060

136. 8048

135. 6036

L34.4024

133.2012

132. 0000

130. 7988

t29.5976

t28.3964

r27. t952

125. 9940

t24.7928

123. 5916

t22.3904

tzl. 1892

119.9880

118.7868

ll&rap
1

I

3

4

5

6

7

8

9

1 0

1 1

1 2

I 3

T4

1 5

1 6

1 I

1 8

1 I
20

2T

22

oe
L¿



T+-'Æ4
Unbalanced

o//o

0.23

0. 31

0.28

0.32

0.29

0.29

0.25

0. 30

0. 39

0.26

0.26

0.22

0.22

0.26

0.26

0.2t

0.25

0. 33

0.20

0.24

0.20

0. 16

0. 16

0. 73

CA

2.569

2.536

2.507

2.476

2.447

2.4t7

2. 388

2. 358

2.329

2. 300

2.271

2.242

2.273

2. 303

2.333

2.363

2.392

2.423

2.452

2.482

2.5r0

2.540

2.569

co

0. 006300

BC

2.574

2.544

2.5t4

2.484

2.454

2.424

2.394

2. 365

2. 338

2. 306

2.277

2.247

2.278

2. 309

2. 339

2. 368

2. 398

2.43t

2.457

2.488

2.5t5

2.544

2.573

bo

0.006254

qÌruË
Measured value (O)

AB

2. 568

2.54t

2.5t2

2.480

2.451

2.422

2.39r

2.360

2.332

2.304

2.274

2.243

2.276

2.306

2.336

2. 365

2.396

2.427

2.454

2.483

2.5TT

2.54t

2.569

ao

0. 006265

âÊ,1ùË
Tap

position

1

2

3

4

5

6

I

8

9

10

11

21

31

T4

51

16

I1

18

19

20

2l

22

23

æÆ"
winding

E{ft
l.v. winding

3.6 æÆ"Ê,FElflllË

Measurement of winding resistance

E)NV.CL
Richard HoutePen

oate: c)Q /tc Í.¿ç5

4of10

oil (C ) 222.5

h.v.
winding

fa

tEl

KËMA



âffi
Passed

17. 5180

2r.5738

10. 5168

0. 0000

t0.27I

13. 023

100. 0000

ãätñffi(kw)
No-load loss

0. 070

o/o

0. 057

13. 7833

2.1654

60

100. 0000

43. 9481

25. 9398

ãäÉtñ
No-load current

A

0.7 40

0. 917

23.3345

t0.9277

0. 9396

H01 Vo

100. 0000

11.9115

275

11.515

ã-'&Ê,ÈE tv
Virtual value

voltage

10. 367

T'åËÉ,8 t<v
Average voltage

10. 350

11.500

Èf:l-'fftEÃiü,
h.v. 

-1.v.&E

38 60

zol5

@E

âffi
Passed

,fKE-ÈEÃ}ü

l.v. -h.v.&E

#
D NV.G L

Richard HoutePen

our.,2&lt'': J

3

5

7

9

3.e fffimJEìfr&
Power freqency with stand voltage test

#^ RResults
Ìfr&rflnl (s)

Test time

ìfr&Ê,8 (kv)

AC test voltage

ffiln È,Effi

Applied terminal

90

100

3.s ãä É lñìHlÉifiü Ë1r oo ø¡
no-load current harmonic wave measurement (100%)

17.0440.113t.474t2.65712.65L110

iwwtLw.
number of harmonic wave

1

3.7 ã#ffiffi}-ãäË,1ñilüË
Measurement of no-load loss and current

5of 10

É,8trâ
Wo/oPercent

of rated
voltage
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3. 10 ffiEÈ[üÊÉtBN¿ffiEìA& (IVPD) fr# rrequenc]: 200 Hz

Induced voltage withstand test with parts discharge measurement

rEÈ[üÉË pc

Partial discharge capacity

A B C

I

20

40

80

50

50

50

50

50

50

50

50

50

50

50

50

20

10

0
\lo
d9

10

30

30

80

50

50

50

50

50

50

50

50

50

50

50

50

20

1 0

10

20

20

70

50

50

50

50

50

50

50

50

50

50

50

50

20

10

ffiærfl{
Duration

ìÉ*ËFPDE
Background
value of PD

1 nin

5 min

30s

5 min

10 min

15 min

20 min

25 min

30 min

35 min

40 min

45 min

50 min

55 min

60 min

1 rnín

ìT*ËFPDË
Background
value of PD

ffi, In É, EApplied Voltage

fHXf fH HE
(kv)

phase to phase

52.8

158. 4

208. 6

264

208. 6

158. 4

52.8

ÈW

multiple

0.4Ur

I.2Ur

1. 58Ur

2Ur

1.58Ur

L.ZUr

0. 4Ur
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3.ttfrffiffiffi,'-lnn ÈEl[ùË
Measurement of load loss and short impedance voltage

lÉÌR temprature of oil ("C) z 23. 4

ÆFFPHfi ls"c oÁ

Impedance voltage

26. OMVA

13. 75

13. 07

t2.95

3.12 æffpHfiüÛË Measurement of zero-sequence impedance

Zo (a / fHphase)

0.77

3.13 ËÈFËìÂe
ìd,*_rûpfÌtr

Lightning impulse test

Test oscillogram records are shown in the last pages.

0
'rc,l

20. OMVA

10. 58

10. 05

9. 96

f-ffinÄffi,
(kw) 7s

C Load loss

105. 756

105.604

125.400

Ë, lñ (A)
Current

105. 1

UÜËHE
(kv)

Voltage

13. 408

11.406

t0.027

Ê, E (v)
Voltage

27.0

ffifn Ë,ùñ
(A)

Current

69.44t

75.187

82. 361

,t&4nÊ
Tap

position

1

L2

23

ÌTüËffif
Measurement terminal

o-abc

illJË
ætH

Windings

ÈEíKE
H.V.- L.V.



Th$ Povter (If)

355

4t0
437

439

361

431

447

366

AEåSâFÏ 4É (dB)

combined noise

56.7
65.2

4ÈtøEÊk
correction value of
enviromrnt (dB)

1. 15

2. t4

55. 6

63. 1

+-!,
Average

(dB)

38. 8

38. 8

t[üËtEfA
measuring

superficial
area (^' )

90. 100

t89.272

Ê,1ñ (A) current
0. 83

0. 87

0.94
0. 91

0. 83

0. 91

0. 93

0. 83

ÌI|lËEafter
measured

38. 6

38. 6

EEÈËIÊÊ
åfE

distance to
reference
emitting
surface

(m)

0.3
2.0

0.3m

2.0m

ÉE <v> voltage
400

400

400

400

400

400

400

400

illlËìî
before

measured

38. 9

38. 9

sound-
absorbing

(A)

IE--É

1 188

1 188

+lrpxË -

W,

average
sound-

absorbing
factor

(a)

0. 15

0. 15

Ëã4Ësound leveldB (A)

Iâ*FäSttA Radiator
condi t í on

ONAN

ONAF

3. 14. 2 IøÉ^,W.correction factor

45 Serial No

15070

15076

15078

15077

15066

1507 4

15071

15073

8of10
3.14 F&Wtle. Noise level rêôsuïeil€rrt:

lÉ#Ê'ÈÈtank height (m) h =2.72 lllËÈÈueasure heisht (m) : 1/3h=0. 91

3. 14. 1 UÜËäffimeasurement data

ütlËÈËl,teasure heieht (m) : 2/3h=L.81

ÌTÛËã,ÈI.
äffifR
total

superfic i
aI area

of
measureme
nt room

(t')

7920

7920

3. 14.3 ÌIÛË#Rmeasurement result

Aì+fX*E--F.tX
Aweighting acoustic pressure

t-eve1 (dB)

^#-z-ffi â+lflÜË Measurement of power taken by the

ÌRÈtemperature(C)' 22. 4

Supplier: Xi'an NoKo Electric
Company Limited

fan motors
,,9

o

: DBF2-506

: DBF2-506



¡
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3. 16 ÈãrlâËìÂe

Oil paper capacitor type bushing test iffiÈtemperature (C) ' 22. 4

BRDLTII4-145/8OO_4 (A. B. C PHASE BUSHING)

'f€äÊ-l (ÌfrpH) Ê-PEZ}-"] TRENCH ELECTRIC CO.,LTD

1504634

9.992

0. 235

301. 8

306

3.17 ã#,+JeìA&
Test of on-load tap changer

HI-,|I€
Serial number

1s93670

A. AEä$õ WW' ÆffiÈffiHJÈETâÊIFXñ¡rS +ñ+WIE'ffiff .

At rated auxiliary voltage and no excitation,tap changer run eight complete cycles of

At rated excitation and no-load test condition,tap changer run one cycle of operation.
c. AÆåSõ WM, ässLggffi ryJ ÈET tI&ft XñËn+Wff'ffiW.

At 85% rated auxiliary voltage and no excitation,tap changer be run one cycle of operation.
d. AE å$ ñ ä ìA & rf , Æ.r.tl +tW MtJ+zt&14 ñËÈ¿ltLtl&A æ.

At load test,tap-changer run ten times at t2 step side of principal tap.

6\-
0

\t

1504633

9.994

0.262

302.7

307

ftûË+,tù
Manufacturer

MR

1504636

9.992

0. 230

302. 6

306

âË4ë
type

Èiü
maufacturer

æÊffiË
Product serial Number

}ETn Ë,8
applied voltage (kV)

tgôlo
( *iIüËmeasured value)

Cx (pF)

f,ifÂÊã
nominal capacitance (pF)

rx4ë
Tap changer type

wlrr2500 -145-t223rw
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a. ìA&âìA' Test conclusion
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SFZ-260001132 1522043 On load tap change power transformer routine test and

É!ìfr&rñ H, È*,þÆRfîàt8c60076-r: 20u.. I8C60076-3: 2013, r8C60076-4: 2002,
partial special test result with I8C60076-122011. IEC60076-3:2013. I8C60076-4:2002,
St¡ìEÃfi^ülil.g*"
standards and technical agreements requirements.
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