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TRI-PHASE OPERATING™ INSTRUCTIONS

SAFETY WARNINGS AND CAUTIONS
Only trained operators shall use this device.
All transformers under test shall be off line and fully isolated.

Always ground the TRI-PHASE™ to a substation ground before connecting the test cables to
a transformer

Do Not Modify Test Equipment
Because of the risk of introducing unknown hazards, do not install substitute parts or perform any
unauthorized modifications to any TRI-PHASE™ test device. To ensure that all designed safety
features are maintained it is recommended that repairs be performed only by Vanguard Instruments
Co. factory personnel or by an authorized repair service. Unauthorized modifications will cause

serious safety hazards and will nullify the manufacturer's warranty.

Follow Exact Operating Procedures
Any deviation from the procedures described in this operator’s manual may create safety hazards,
damage the TRI-PHASE™ test device or cause errors in the test results. Vanguard Instruments Co.,
Inc. assumes no liability for unsafe or improper use of the TRI-PHASE™.




TRI-PHASE OPERATING™ INSTRUCTIONS

Table of Contents

1.0 INEFOTUCTION ...ttt sttt sb e et e e st st eeeeaneenbe e 10
IS R AN o] o [ oF: o Y SPSSRTSS 10
2.0 GENEIAl DESCIIPLION. ... .ciuiiitietieiie sttt sttt e st et e s bt et e e ne e b e e sbeeneesbeeneenneas 10
3.0 FUNCLIONAI DESCIIPLION .. ..evieeieeiie ittt ettt et e s e ste e ra e teenaesneeneenneas 11
4.0  PrinCiples Of OPEIAtION. .....cc.iiiiiiiiieie ettt b et st et enes 12
5.0 SPECITICALIONS ...eeviiiiieiieeie ettt et e st et e e s e s te et e e st e saeeeeeneesteenaesneesneeneennens 13
6.0  SUPPHEA CaBIES.....ceiiiieieie et nreas 14
6.1  Cable Marking and 1dentifiCation ............cccccveiiiieiieiesee e 15
7.0  TRI-PHASE™ Front Panel DeSCIIPLIONS..........coviiiiiiiierieiee e 16
7.1  TRI-PHASE™ Operating Controls, Indicators and Connectors...........ccccecevevververieseennnn 16
8.0  TRI-PHASE™ Printer and Printer PAPEI .........ccoouiiiireiieiieiieie e 18
9.0  Memory Storage CapabilitieS..........cccvivuiiiieiiiieiie e 18
9.1  Test Record Memory Storage Capabilities ..o 18
9.2  Transformer Test Plan Memory Storage Capabilities...........ccccovevvieiiieiniic e 18
10.0  OPeratiNg VOItAgES. .....coiuiiiiiiieiiieieeiie ettt sttt sttt be et se e s e beenbesseesbeeneenreas 18
10.1  OpPerating VOIAgES. ......ccveieiieieerie et ste e e e te e te e te e e sreeteasaesreesteeneesreesseenaesneeseas 18
11.0  SPECIAI FRALUIES......eiitiiiieee ettt sttt sttt s et besse e sbeebeeneesbeebeeneenreas 19
11,1 LCD CoNtrast CONIOL.........oiiiiiieiiiie ettt 19
112 TESEVOIAGES ... ettt ettt bbbt e b et e sae e sbeeaesneesne et 19
11.3  Computer Control And TTRA Software Application...........ccocveveiieieere e 19
11.4  USB FLASH Memory ThUumb DIiVe .....ccoouiiieieceee e 19
12.0 Typical Cable HOOK Up ConfigUrations...........cccueiieiieiiieiieeiiesieseesie e sieee e sie e snae e enneas 20
12.1  Typical Cable Connections to a Delta-Wye Transformer ..........ccccoovviiiiiinnnennesie s 20
12.3  Single Phase Transformer Typical CONNECLIONS ........c.cccvevveieiieieeie e e esie e see e 22
12.4  Voltage Regulator Typical CONNECLIONS .........ccoiieiiiiiiieiieie et 23
12,5 Donut Type (un-mounted) Current Transformer (CT) Typical Connections .................... 24
12.6  Multi-tap CT Typical CONNECLIONS .......eouiiieiiieiiiie e 25
12.7  Bushing-Mount-CT on A Single Phase Transformer Typical Connections ...................... 25
12.8  Bushing Mount CT’s on Delta Transformer Typical Connections.............cccocevenveneennnns 26
12.9  Bushing Mount CT’s on Wye Transformer Typical Connection.............ccccceevevveveinennnnn 27
13.0  Single-Phase Transformer TeSt PrOCEAUIE ..........oiiiiuiiieiieieiie et 28
131 MAIN IVIBINU ..t bbbttt bbbkttt et bbb enes 31
13.2  Transformer Configuration Selection MENU ............cccueviiiiiiiii e 32
13.3  Transformer Name Plate Voltage MEeNU ..........ccooveiiiiiiiiiiieee s 33
13.4  Transformer Voltage Data Entry Status DiSplays........ccccoeivieiieieiieiieis s 34
13.5  Start/Stop Test StatuS DISPIAY .......cceiiiiiiiisiiieee s 35
13.6  Test In Progress Status DISPIaY........ccccueiieieiiieiieiicie et 36
13.7  Test ReSuUlts Status DISPIAY ........cceiiiiiiiiiiieieiee s 37
13.8  Print TeSt RESUITS IMBNU ......oiviiiiiiieiiie ettt 38
13.9  PriNt FOrMAL IMBINU ...c.vieiiiiieciie ettt e st e e eneenreeaeaneesneenne s 38
13.10 Test Result Column FOrmat PriNtOUL ..........ccoviiiiiieieieiee s 40
13.11 Test Result Detail FOrmat PrintOUL..........ccoooeiieriiieiiese e 41
13.12 Keep This REAAING MENU.........coiiiiiiieiiccie ettt st reesae e sna e 43
13.13 Previous Data In BUF. IMEBNU........cciiiiiieiice et ne s 44
13.14 RUN ANOThEr TEST IMBNU ......iiviiiiiiieieiie ettt nes 45
13.15 Save ThiS RECOII MENU ......ccuiiiiieiieiie ettt e st s esneenaesneenreas 46
13.16 Record Saved Confirmation STAUS ..........ccoiviiiieriereie e 47




TRI-PHASE OPERATING™ INSTRUCTIONS

13.17 Transformer Name Plate Voltage Menu For Another TesSt........ccocvvvveieniieninesieee 48
13.18 Test Record NOt SAVEA MENU ........ccueiiiiie et 49
14.0 Dynl TransSformer TSt PrOCEAUIE ..........cuiiiieieieite ettt 50
14.1 Delta-To-Wye (Dyn) Transformer Test Column Format Printout..............cccocevvveieiienen. 53
14.2  Delta-To-Wye Transformer Test Detail Format Printout...........cccccoocvrinininiiienenc e 55
15.0 Auto Detect Transformer Configuration Capability ...........cccccoeviiiiiiiiiiiciece e 58
16.0 TSt RECOI OPLIONS. ..ottt bbbttt sb et 59
16.1 Restore A Test Record TO Print PrOCEAUIE ..........ccveiveieiie it 59
16.2  SEEUP IMIBIU ... ettt b e nb e 61
16.3  Save/Restore RECOIA IMENU..........cciiiiiiiiie ettt ste e st esaeeaesneenre s 62
16.4  ReSLOre RECOII MENU......iiiiiiieiiieie ettt sttt ettt e sneenreeneesreenneenee s 63
16.5 Restore Record Number Status DiSPlay ..........cccovveieiieiieie i 64
16.6  ReCOrd RESIOIEA IMEBNU.....c..iiuiiiiieie ettt sttt e st neesreeseeenaesreenneanee s 65
16.7  Print Record To LCD OF Printer MENU..........ccuciiiiiiiiie et 66
16.8  PriNt FOrMAL IMBINU ...c.veiiiiiieiiie et sttt te et e eneesreeaeeneesneenne s 67
16.9 Test Record Printout Column FOrMaL .........cccccveiiiiiiieieiie e 68
16.10 Test Record Printout Detailed FOrMAL ........c.ccooeiieieiieniee e 69
16.11 Save Test Results To A Test Record ProCeAUrE .........cceiveiieviiciesiese e 71
16.12 Print TeSt RECOI DIFECIOTY ....c.eoiviiviieiiiiiiieiieiieiiete ettt 72
16.13 Print DIrECIONY IMIBNU ...c.veeuiiiiiciiecite ettt be e sae s e ste e s e reesaeetesneenre s 73
16.14 Record DIreCtory PriNTOUL ..........cooiiiirieiiiisiieieiee ettt 74
16.15 Restore Test Record TO LCD ProCEAUIE. .........coieieiieiieie et se s se et 75
16.16  SCroll TeSt RECOIA IMIBNUL......c.eiiiieiieiiesieesie ettt sre e naesneenee s 77
16.17 Restored Record Status DiSPIaY .........cccecceiiieiieiieiie et 78
16.18 ReCOrd RESIOIEA IMEBNU.........eiuieiiieiecie sttt sttt et et esreesreenaesreenaeenee s 79
16.19 Print Record REStOrEd IMENU ..........ccuiiiieiie ettt ra e snaenre s 80
16.20 Restored Record Status DISPIAYS ........coeriiiriiiiiiiieieie s 81
16.21 Erase A Test RECOIrd PrOCEUUNE ......cc.civeiiiiieiie it ee sttt sre e 82
16.22 Erase RECOIT IMBINU ......oiuiiiiiiieiiieie ettt ettt et e e neesneesteenaesneesneanseas 83
16.23 Erase Record Status DISPIaY .........cccceiiiiiiiiiic e 84
16.24 Record Number Erased Confirmation Status DiSplay...........ccccooeiiineniinininesieee 85
16.25 Erase All Test RECOrdS ProCEAUIE..........ccviiiiiieieee et sve et nre s 86
16.26 Erase All Records Status DiSPIaY..........coociiiiiiiiiiiiiiicsese s 87
16.27 Record Number Erased Confirmation Status Display...........ccccccevvvivieiiieiicic i 88
17.0  TESEPIAN OPLIONS ...ttt bbbttt n e 89
17.1 Load a Test Plan and Test a Transformer ProCedure ............ccooovevieiieieeiie s 89
I =TS o T T Y =Y o T PSR 92
17.3  Load Test Plan Number Status DiSplay ..........cccccveiiiiiiiicie e 93
17.4  TeSt Plan LOAE MENU........cuiiieiiiieiiesie ettt e e steenaesneenneenee s 94
175 Test Plan Loaded Status DiSPIaY.........ccccciiiiiiieiiiiciiese et 95
17.6  Test Plan Test Results Status DiSPIAY .........ccccuiiriiiieiiiiieie s 96
17.7  Print TeSt Plan TeSt RESUILS .......cocieieiie e 97
17.8  Test Plan Test RESUIES PrINTOUL ........c.ooiiiiiiiiiieee e 98
17.9  Unload a TeSt PIan PrOCEAUIE ........ccveiieiii e ettt ee s sra e sneenne s 99
17.10 Print Test Plan DIireCtory PrOCEAUIE. .........coveriiiiiiieiesee sttt 100
17.11 Test Plan DIireCtory PriNt OUL..........cccoiveiiiiieiiee e 101
17.12 Print TeSt Plan PrOoCRAUIE ........oouiiiiiiee et s 102
17.13 Print Test Plan Status DISPIaY ........cccveiviieiiieiieie et 103




TRI-PHASE OPERATING™ INSTRUCTIONS

17.14 Typical Three Phase Dynl Test Plan Printout ..........cc.ccoeoviiiiiiiniiencnceesecesene 104

17.15 Erase A TeSt Plan PrOCEAUIE .........coiii ittt 105
17.16 Erase TSt PIAN IMEBNU........ooiieiiiiisieie ettt nre e ens 106
17.17 Erase Test Plan Status DiSPIaY ........ccceiviiieiieiiiiicieeie e 107
17.18 Test Plan Number Erased Confirmation Status Display ..........c.cccceverviininiiniinienieen, 108
18.0 Entering Test Record Identification Information Procedure...........cccoocevveveiceiieceecie s, 109
19.0 Test Voltage SeleCtion PrOCEAUIE ..........cciiieieieieree e 111
19.1  Test VOoltage SEIECLION ........ccviiiiiieceece et 112
20.0 Test Frequency Selection PrOCEAUIE ..........ccueiiiiiiiiieieiee e 113
20.1  TeSt FrequenCy SEIECHION ......ccciui ittt e re e 114
21.0 Change Date ANd TIME PrOCEAUIE. ......c..oiviiiiiiiiriesiieieee et 115
21.1  Enter Date Status DISPIAY ........ccveiiiiiiiiciesie ettt 116
21.2  Enter Time Status DISPIAY........cueiiiiiiiiiiiisesee e 117
22.0 H And X Cable DiagnostiC TeSt PrOCEAUIE...........ccveiueiieiieie et 118
23.0 TRI-PHASE™ Verification TeSt PrOCEAUIE .........ccceeiuiiiriieieiie e 119
P I 0T Vo I I o O 4 g Vo T S SS 120
25.0  USB FLASH ThUMD DEIVE ..ottt 121
25.1 Save/Restore Record With Thumb Drive MenU .........cccceviiiiiiiniinineeese s 121
25.2  Copy Record To Thumb Drive MENU ........ccveiiiiiiiiiesie e 122
25.3  Copy Single Record To Thumb Drive Status Displays..........ccccceviverieeieniieneerie e 123
25.4  Copy All Records To Thumb Drive Status DiSPlaysS .......cccceueriveririienienieie e 124
25.5  Test Plan With Thumb Drive MENU ........cccoiiiiiiiiiiieee s 125
25.6  Copy Test Plan To Thumb Drive Status Display .........ccccoveiiiiiiiinieniesie e 126
25.7 Test Plan Saved To Thumb Drive Confirmation Status Displays..........c.ccceevevvrivervennnnn. 127
25.8 Load Test Plan With Thumb Drive MeNU..........cccoviiiiiiiiiiniee e 128
25.9 Load Thumb Drive Test Plan Status DiSPlays ........cccceevueiierviiesieneeie e 129
25.10 Print Test Plan Directory With Thumb Drive Menu..........cccccooviiieieiiniieic e 130
25.11 Print Test Plan With Thumb Drive MENU ..........cooviiiiiiiieieiee s 131
25.12 Print Thumb Drive Test Plan Status DiSPlays.........cooviieiiiieiieiieie e 132
25.13 Erase Test Plan With Thumb Drive MENU ..o 133
25.14 Erase Thumb Drive Test Plan Status DISPlays........cccoceeiirieniniienieneeie e 134
25.15 Save Test Plan With Thumb Drive MENU ..o 135
26.0 Computer INterface DESCIIPLION ......cciiiiiiiiie e sre e 136
26.1  Computer Interface Status DiSPlay .........cccccveieiiiiiieie e 136
26.2  Emergency Turn OFf SWILCH .......ooiiiiii e 137
27.0 TRI-PHASE™ Firmware Programming NOTES.........cccvereriiereereiieieesesieesee e eeeseesieeneens 138




TRI-PHASE OPERATING™ INSTRUCTIONS

Table 1.0
Table 2.0
Table 3.0
Table 4.0
Table 5.0
Table 6.0
Table 7.0
Table 8.0
Table 9.0
Table 10.0
Table 11.0
Table 12.0
Table 13.0
Table 14.0
Table 15.0
Table 16.0
Table 17.0
Table 18.0
Table 19.0
Table 20.0
Table 21.0
Table 22.0
Table 23.0

List of Tables

TRI-PHASE™ Turns-Ratio Meter SpecifiCations...........ccoocvveiiiiennenin e 13
Y0 o] o 1=To I 0= o] [ - SR 14
Cable Markings and [dentifiCation ............cooiiiiiiiiiiie s 15
Model TRI-PHASE™ Front-Panel Controls, Indicators, and Connectors .................... 17
Single-Phase Transformer TeSt PrOCEAUIE..........ccueiiiieriiie e 28
Dyn1 Transformer TeSt PrOCEAUIE..........ccuviieieereciesieese et 50
Restore A Test Record TO Print ProCeAUIE ..........coveiiiiiiie e 59
Save Test Results To A Test Record ProCedUre .........ccccveeieereeieiiere e 71
Print Test Record DireCtory PrOCEAUIE .........ccviieeiiiie e 72
Restore Test Record TO LCD ProCEUUIE. ........cecueiieieerie e ceeie e e eie e e eae e 75
Erase A Test RECOrd ProCEAUNE .........ooiiiiiiiiiee e 82
Erase All Test ReCOrds ProCRAUIE..........ccviieiieiecie e 86
Load a Test Plan and Test a Transformer ProCedure ..........cccoverveniiienienesieseenias 89
Unload A Test PIan PrOCEAUIE ........ccueiieie et sie e 99
Print Test Plan DireCtory PrOCEAUIE. .........cccuviieiirieiienieeie e 100
Print TeSt Plan ProCEAUIE .........ccveieeie ettt e e ne s 102
Erase A TeSt Plan ProCEAUIE ..........cooui e 105
Entering Test Record Identification Information Procedure..........c.cccccvevvvveiieennene. 109
Transformer Test Voltage Selection ProCedure ...........ccovveveieieeieeiesieseeee e 111
Transformer Test Frequency Selection Procedure.........c.ccovvvevveieveevesiieseesie e 113
Change Date and Time ProCEAUIE...........cooiiiiiieiieie et 115
H And X Cable Diagnostic Test ProCeAUIE.........c.ccviiereere e iee e 118
TRI-PHASE™ Verification TeSt ProCedUIe .........cooveierieiieiiee e 119




TRI-PHASE OPERATING™ INSTRUCTIONS

Figure 1.0

Figure 2.0

Figure 3.0

Figure 4.0

Figure 5.0

Figure 6.0

Figure 7.0

Figure 8.0

Figure 9.0

Figure 10.0
Figure 11.0
Figure 12.0
Figure 13.0
Figure 14.0
Figure 15.0
Figure 16.0
Figure 17.0
Figure 18.0
Figure 19.0
Figure 20.0
Figure 21.0
Figure 22.0
Figure 23.0
Figure 24.0
Figure 25.0
Figure 26.0
Figure 27.0
Figure 28.0
Figure 29.0
Figure 30.0
Figure 31.0
Figure 32.0
Figure 33.0
Figure 34.0
Figure 35.0
Figure 36.0
Figure 37.0
Figure 38.0
Figure 39.0
Figure 40.0
Figure 41.0
Figure 42.0
Figure 43.0
Figure 44.0
Figure 45.0
Figure 46.0
Figure 47.0
Figure 48.0
Figure 49.0
Figure 50.0
Figure 51.0

List of Figures

Model TRI-PHASE™ Front-Panel Controls, Indicators and Connectors............cccocvvevevennne 16
Typical H & X Cable Connections to a Delta-Wye Transformer ..........cccccocveoeiiioveiennnnnnn. 20
Typical Front Panel Cable CONNECIOIS........ccviiieiiiie e 21
Typical H & X Cable Connections to Delta-Wye Transformer .........c.ccccocevevviveveve e, 21
Single Phase Transformer Typical CONNECIONS ........cccovvieiieiiieeere e 22
Single Phase Auto Transformer Typical CONNECLIONS .........ccccvvviieiieeie e 22
Type A Voltage Regulator Typical CONNECLIONS .......c.cocviveviiiiiicieseese e 23
Type B Voltage Regulator Typical CONNECLIONS..........cccviiiiiiiiieieeese s 23
Donut Type (un-mounted) Current Transformer (CT) Typical Connections.............ccccc..... 24
Multi-tap CT Typical CONNECLIONS........cccecieieiieiese e 25
Bushing-Mount-CT on A Single Phase Transformer Typical Connections.............cc.cccevene. 25
Bushing Mount CT’s on Delta Transformer Typical Connections ............cccceveeveivreenennnn. 26
Bushing Mount CT’s on Wye Transformer Typical Connection ...........ccccoveevvevivnieeinenens 27
IMEBIN IMIBIU <.t bbbttt ettt bbb e 31
Transformer Configuration Selection FirSt MENU ..........ccocviiiiiiiiiiici e 32
Transformer Configuration Selection Second MENU..........ccccoveviriiivii s 32
Transformer Nameplate Voltage MENU...........cooviieiiiicic i 33
Name Plate Voltage Status DiSPIaY..........cceiveiririiiienieieieees st 34
Name Plate Voltage Display, H Voltage Keyed 1IN .........ccooiiiiiiiiiiiieeceeee e 34
Name Plate Voltage Display, H Voltage ENtered...........cccoooviieiiiee e s sie e 34
Name Plate Voltage Display, X Voltage Keyed IN ..o 34
Start/Stop Test StAtUS DISPIAY ....c.veiveeieie et 35
Test In Progress Status DISPIAY ......ccvveieeiiiiieiie ettt 36
Test RESUILS StatusS DISPIAY .....ccvcieiieiiieie ettt s sre e 37
Print TESt RESUILS IMBNU .....c.veiiieiie ettt sreeneeneenneas 38
PrINE FOMMAE IMBNU ...ttt ettt et sbeeneesaeeneas 38
Single Phase Column FOrmat PrintOUL ...........ccoieiiiii i 40
Single Phase Detail FOrmat PrINTOUL ...........ccoiiiiiniiiieieesesse e 41
Keep This REAAING MENU ..ottt st sneans 43
Previous Data IN BUF IMIBNU ..........oiiiii ettt st 44
RUN ANOTNET TESE IMBNU ...t 45
SAVE ThiS RECOI IMEBNU ..ottt st neeenes 46
Record Saved Confirmation Status DiSplay ........c.ccceieiiiiiiiiie e 47
Nameplate Voltage Selection Menu FOr ANOther TeSt.........cocvvveieviiiere e 48
Test ReCOrd NOt SAVEA MENUL........cciuiiieieiiece ettt sttt neesae e eneesreens 49
Dyn1 Column FOrmat PriNTOUL.........cooi it 53
Dyn1 Detail FOrmat PriNtOUL...........cc.oiiiieie et 55
SEIUP IMIBNUL .ttt bbbt s bt b e bt et e b bt nn b 61
SaVve/RESIOre RECOIT IMEBNU ......eeiiiiiiiie ettt sttt sneeseeseeenes 62
RESLOrE RECOIT IMBNU ...ttt ettt ettt et st see s saeeneas 63
Restore Record Number Status DiSPlay .........ccccovivieiiiieie i 64
RECOId RESLOIEA MENU ...ttt ettt e sbesteenaesteeraennenneas 65
PrINERECOIT IMBNU ...ttt ettt sttt en e st sbeeneesaeeneas 66
PHINT FOIMAE IMIBINU ...ttt bbb e 67
Test Record Printout Column FOMMAL .........cccvoiiiiieie e 68
Test Record Printout Detailed FOMAL..........ccooiiiiiiiieeiee et 69
Print DIreCIONY IMIBNU.......oiiiee e e ettt e st esne e e see e te e sreesaeesreesnaenneeas 73
ReCOord DIreCtory PIINTOUL .........cuiiiiiiieieieieee st 74
SCrOll TeSt RECOIT MEBNU....cuiiiieiiiit ettt sttt see e neeenes 77
Restored Record Status DISPIaY .......cccvviieieeii st sre e 78
RECOrd RESLOIEA IMBINU ......veviiiiieiecste ettt 79




TRI-PHASE OPERATING™ INSTRUCTIONS

Figure 52.0
Figure 53.0
Figure 54.0
Figure 55.0
Figure 56.0
Figure 57.0
Figure 58.0
Figure 59.0
Figure 60.0
Figure 61.0
Figure 62.0
Figure 63.0
Figure 64.0
Figure 65.0
Figure 66.0
Figure 67.0
Figure 68.0
Figure 69.0
Figure 70.0
Figure 71.0
Figure 72.0
Figure 73.0
Figure 74.0
Figure 75.0
Figure 76.0
Figure 77.0
Figure 78.0
Figure 79.0
Figure 80.0
Figure 81.0
Figure 82.0
Figure 83.0
Figure 84.0
Figure 85.0
Figure 86.0
Figure 87.0
Figure 88.0
Figure 89.0
Figure 90.0
Figure 91.0
Figure 92.0
Figure 93.0
Figure 94.0
Figure 95.0
Figure 96.0
Figure 97.0
Figure 98.0
Figure 99.0
Figure 100.0

Print RECOrd RESIOrEU IMENU .....c.veviiiieieieiieieete ettt 80
Restored Record First Status DiSPIay ..........cceiiiiiiiiiiiiecc e 81
Restored Record Second Status DiSPIaY .........ccocevriiiieneiieee e 81
Erase RECON IMIBINU .......oouiiiiiiiie ettt bbbttt et ne et e 83
Erase Record Status DISPIAY ......c.cocviveiiiiii sttt 84
Record Number Erased Status DiSPIaY .........cccvieeriiieieieeeee e 85
Erase All Records Status DISPIaY .......c.cccveieeiieiie i s se e e e ae et sraesnae e 87
Records Erased Status DiSPIaY .......cccvcueiiiiiiiiiiie et 88
LIS A d LT YT LU PSPPSR 92
Load Test Plan Number Status DiSPIaY ........cccveeeiriiiieeieee st 93
TeSt Plan LOAAEA MENU......c.viiiiiiiiitiie ettt 94
Test Plan Loaded Status DISPIAY .........cciiiiiiiiiiiiciseee s 95
Test Plan Test Results Status DISPIAY ........coveiiiieie e 96
Test Plan Test Results Printout Column FOrmMat ...........cccoveiiiiiiiieieee e, 98
Test Plan DireCtory PrNt OUL.........ccvoiiiiiiciesese sttt 101
Print Test Plan Status DiSPIAY .........cciiiiiieieieiiiit e 103
Typical Three Phase Dynl Test Plan Printout...........cccocoviiviiieiiec i 104
Erase TSt PIAN IMENU.......cuiiiiiiiiii ettt 106
Erase Test Plan Status DiSPIaY ........ccccoveiiiiiiiii e 107
Test Plan Number Erased Status DiSPIay ........ccvovveeeirieeiee et 108
Test Voltage Selection MENU ........c.cocuviiieiiiiic e ee e se e s e e 112
Test Frequency SeleCtion IMENU .........ccoiiiiiiiieieisese e 114
Enter Date Status DISPIAY .......ceeuiiiiieiiee et 116
Enter Time Status DISPIaY .......cccveiiiiieiii ettt e e ee e nns 117
Load Tap Changer CONLIOIIET...........voi it 120
Save/Restore Record With Thumb Drive MENU..........cccvevueiiiieiiiieicse e 121
Copy Record To Thumb DriVe MENU........cccveiieeiiesiesie e ste st 122
Copy Single Record To Thumb Drive Status Displays........cccccvvveiiiiiiievineiie e 123
Copy All Records To Thumb Drive Status DiSplays ... 124
Test Plan With Thumb Drive MENU ........cooiiiiiiiie sttt s 125
Copy Test Plan To Thumb Drive Status Display .........cccccoveviveiiivii i 126
Test Plan Saved To Thumb Drive Confirmation Status Displays..........ccccevviviveveiveiene. 127
Load Test Plan Number With Thumb Drive Menu..........ccoveioiiiniiiieene e 128
Load Thumb Drive Test Plan Status DiSplays........cccccviiriiiiiieie e se e 129
Print Test Plan Directory With Thumb Drive MenuU ..........cccocvvveiiiiiiiese e, 130
Print Test Plan With Thumb Drive IMENU .........ccooiviiiiiiieice e 131
Print Thumb Drive Test Plan Status DiSPlays ........cccceiirierriiiieie e 132
Erase Test Plan With Thumb Drive MENU ..........ccooiiiiiiies e 133
Erase Thumb Drive Test Plan Status DiSplays.........cccccoeieiiiiiiiiinieeeseese e 134
Save Test Plan With Thumb Drive MENU ........cooviiiiiiece et 135
Computer Interface Status DISPIaY ........cccovevveiieiieiie e 136
Computer Interface Status DIiSPIaY.......cccecveieiiiiieiiie e 137
Firmware ReVISION IMEBNU L.........coiuiiiieiei ettt sttt ettt re e nre e 138
Firmware ReVISION IMENU 2 ..ottt sne e 139
Firmware ReVISION MENU 3.......oiiiiiiiiiii e e 139
Firmware ReVISION IMBNU 3.........ioiiiieecie ettt st be e sbe e be e be e eeae e sre e 139
Firmware ReVISION IMENU 4 ..ottt nne e 140
Firmware ReVISION MENU 5 ......ooiiiiiiiice et 140

Firmware ReVISION IMENU B.........cocveiiiiiie ettt sne e 140




TRI-PHASE OPERATING™ INSTRUCTIONS

List of Appendicies

APPENDIDX A s 141
APPENDIX B ..ottt bbbt 142




TRI-PHASE OPERATING™ INSTRUCTIONS

1.0 Introduction
1.1 Applicability

This manual is applicable to the True Three-Phase Transformer Turns-Ratio (TRI-PHASE™)
Tester model made by Vanguard Instruments Company, Inc.

2.0 General Description

The TRI-PHASE™ is a true three-phase, field-portable, automatic transformer turns-ratio test
instrument designed to conform to IEEE C57.12.90 measurement method. The TRI-PHASE™ is
designed for on-site measurement of turns-ratios, winding polarity, phase angles, and no-load
excitation currents of single phase and three-phase utility transformers, potential transformers
(PT's), and primary current transformers (CT's)

Since the TRI-PHASE™ is capable of outputting a true three-phase excitation test voltage (for
testing three-phase transformers), it can easily measure turns-ratios and phase angles of Zig-Zag, T
type, special configuration, and phase shifting transformers.

A built-in Load Tap Changer (LTC) controller provides the capability to raise or lower the LTC tap
position from the TRI-PHASE™ front panel.

The TRI-PHASE™ can be controlled from the front panel keypad (Stand Alone Mode) or in
Computer Control Mode with an IBM compatible Personal Computer (PC) via the Universal Serial
Bus (USB) port or RS-232C port.

The TRI-PHASE™ is supplied with single phase and three-phase hook-up cables, LTC control
cables, an RS232 serial cable, a USB cable, and a Microsoft Windows ” based PC Transformer
Turns Ratio Analyzer (TTRA) software application.

The TTRA software is provided on a compact disk along with the unit. New released TTRA
software and TRI-PHASE™ firmware are available to all users on the VVanguard Instruments web
site (www.vanguard-instruments.com).
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TRI-PHASE OPERATING™ INSTRUCTIONS

3.0 Functional Description

The TRI-PHASE™ measures a transformer turns-ratio from its windings by applying a 3-phase test
voltage across the primary (H) winding and sensing the induced voltage on the secondary (X)
winding. The measured voltage ratio between H and X is virtually the same as the turns-ratio of the
windings because of no load on the windings during testing. The TRI-PHASE™ is capable of
testing either single phase or three phase transformers. The need to change test leads to test each
phase on three phase transformers is eliminated using the three-phase cables. The TRI-PHASE™
will automatically test each phase of the transformer. The TRI-PHASE™ also has the following
features:

Capable of testing with 3 test voltages; 8Vac, 40Vac, and 100Vac.

Capable of testing three-phase transformers in Delta, Wye, Zig-Zag, and T type
configurations.

Capable of displaying transformer phase angle relationships between primary and secondary
windings.

Capable of automatically detecting and testing 130 three-phase transformer types defined by
ANSI, CEI/IEC and Australian standards. Refer to appendix B for the different transformer
configurations.

Capable of testing phase-shifting transformer turns-ratios and displaying phase shift angles.
Capable of performing test cable hook-up error checks before each test and automatically
aborting the test when there is an error.

Capable of calculating the transformer turns-ratio based on the operator data entry of the
transformer nameplate voltages.

Capable of calculating the percentage error based on the difference between the calculated
and measured turns-ratio values.

Capable of saving transformer test result(s) in the on-board FLASH EEPROM. The test
result data consists of H and X nameplate voltages, phase A/B/C turns-ratios, excitation
current and phase angle measurements.

Capable of storing a total of 112 test records in the on-board FLASH EEPROM. A test
record may contain up to 33 tests. Stored test records may be recalled, printed or transferred
to an IBM compatible PC with the built-in RS-232C port or USB interface port.

Capable of storing up to 128 test plans in the on-board FLASH EEPROM. A test plan
provides the capability to store transformer nameplate voltages.

Capable of printing “PASS” or “FAIL” test results of each of the transformer tests.

Capable of storing test records and transformer test plans to an external FLASH memory
drive via the built-in USB FLASH memory thumb drive interface.

Capable of printing test reports with a built-in 4.5-inch wide thermal printer.

Capable of alpha-numeric input with the 16-key, alpha-numeric keypad.

Capable of menu and submenu selection with either the alpha-numeric input or with a rotary
switch knob control.

Capable of displaying data entry, menus, test results, and status readouts with the Liquid
Crystal Display (LCD) 64 by 128 dot graphic, back-lighted, sunlight readable display.
Users can retrieve test records, review test records, and create test plans. Under computer
control operation with the supplied Transformer Turns-Ratio Analyzer (TTRA) software
application, the TTRA software application allows the user to perform a transformer turns
ratio test and saves the test results directly to a compatible IBM PC. The test data is stored in
ASCII format for database compatibility.
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TRI-PHASE OPERATING™ INSTRUCTIONS

3.0 Functional Description (continued)
e The TTRA software application is compatible with Microsoft Windows XP, and Microsoft
Windows Vista (see section 11.3 for more details).
e Capable of raising or lowering the Load Tap Changer (LTC) tap position from the TRI-
PHASE™ front panel with the built-in LTC controller (see section 24.0 for more details).

4.0 Principles of Operation

The TRI-PHASE™ measures transformer turns-ratios (using the ANSI/IEEE C57.12.90 method) by
applying a test voltage across the primary (H) winding and sensing the induced voltage on the
secondary (X) side. For safety, testing is always done in a step-down transfer, regardless of the
transformer’s actual use. Since there is no load on the windings during testing, the measured voltage
ratio is virtually the same as the winding turns-ratio.

The TRI-PHASE™ checks for test cable hook-up errors before each test. It applies a low-level test
voltage (300 mV) across the winding being tested and senses the induced secondary voltage. If the
induced voltage is greater than the applied excitation voltage, a hookup error is assumed. If a
connection error is detected, the TRI-PHASE™ aborts the test and displays “Hook-Up Error” on the
LCD. If no hookup error is detected, the TRI-PHASE™ applies a full test voltage to the transformer
winding being tested and the turns-ratio (or voltage ratio) is displayed on the LCD.

The winding polarity and phase-angle are determined by comparing the induced voltage waveform
to the test voltage waveform (which is used as the reference). In-phase waveforms (+) measure a
phase angle centered about 0 degrees. Out-of-phase waveforms (=) measure a phase angle centered
about 180 degrees.

The TRI-PHASE™ measures turns-ratios in the range from 0.8 to 15,000. Excitation current
(flowing in the H leads) is measured for reference and ranges from 0 to 2,000mA. Winding polarity
is displayed as a “+” or “~"sign in front of the measured ratio. The phase angle is measured in
degrees with a resolution of +0.2 degrees.

NOTE:
The phase angle measurement is not displayed on the LCD.
The phase angle measurement will be printed when the detail print format is selected
and displayed with a PC running the TTRA software application.
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5.0 Specifications

TRI-PHASE OPERATING™ INSTRUCTIONS

TRI-PHASE™ specifications are listed in Table 1.0.

Table 1.0 TRI-PHASE™ Turns-Ratio Meter Specifications
Type Portable, True Three-Phase Transformer Turns-Ratio Meter
Size 177 (43.2cm) L by 21” (53.3cm) W by 9” (22.9cm) H
Weight 351bs/15.9Kg
Input Voltage 3 A, 100-240Vac 50/60Hz
Turns-ratio 0.8-999: +0.1%, 1,000-1,599: +0.2%, 1,600-9,999: +1% @ 8Vac

Measuring Ranges

10,000-15,000: £1.5% @ 8Vac

0.8-999: £0.1%, 1,000-1,599: +£0.2%, 1,600-9,999: +1% @ 40Vac
10,000-15,000: £1.5% @ 40Vac

0.8-999: £0.1%, 1,000-1,599: +0.2%, 1,600-9,999: +1% @ 100Vac
10,000-15,000: +1.5% @ 100Vac

Excitation Voltages

Three-phase, 8Vac, 40Vac, 100Vac (Selectable)

Excitation Current

1A @ 8Vac, 0.2A @ 40Vac, 0.1A @ 100Vac

Current Reading
Range

0 to 2,000mA

Current Reading
Accuracy

+0.1mA, +2% of reading (x1mA)

Phase Angle Reading

0 to 360 degrees

Phase Angle Reading
Accuracy

+0.2 degrees of Reading (+1 Digit)

Winding Polarity

Displayed on LCD screen

Display

Back-lit LCD screen, 64 x 128 dot graphic display, Viewable in sun light

Computer Interface

One RS-232C port and one USB port

FLASH Memory

One USB FLASH memory thumb drive interface port

Thumb Drive
Interface
Memory Storage Store 112 test records. A test record may contain up to 99 test results.
Capabilities Store 128 test plans. A test plan may contain up to 33 tests.
LTC Contacts Rating | 240Vac, 2A
Temperature Operating: —10°C to 55°C (15°F to 122°F)
Storage: —30°C to 70° C(—22°F to 158°F)
Warranty One Year on Parts and Labor

All Specifications herein are valid at nominal voltage and ambient temperature of +25° C (+77° F).

NOTE:

Specifications are subject to change without notice.
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TRI-PHASE OPERATING™ INSTRUCTIONS

6.0 Supplied Cables

Table 2.0  Supplied Cable Set
Item Description Qty

1 H Test-Lead Cable, 15-foot 1
Single-Phase Cables

2 X Test-Lead Cable, 15-foot 1
Single-Phase Cables

3 H Test-Lead Cable, 15-foot 1
Three-Phase Cables

4 X Test-Lead Cable, 15-foot 1
Three-Phase Cables

5 H Extension Cable, 20-foot 1
Three-Phase Cables

6 X Extension Cable, 20-foot 1
Three-Phase Cables

7 LTC Control Cable, 15-foot
8 RS-232C Cable
9
9

USB Cable

Power cord

RrlRrlRr]|R]|~

10 Ground Cable

NOTE:
A canvas cable-carrying bag is included with the cable set.
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TRI-PHASE OPERATING™ INSTRUCTIONS

6.1 Cable Marking and Identification

Both the H and X cable test leads are terminated with heavy-duty battery clips. Test cable leads are
identified as follows.

Table 3.0 Cable Markings and Identification

Test Cable Name Transformer Terminals | Clip Color Identification
Single Phase H Cables | H1 Red H1/1U/A
Single Phase H Cables | H2 Red H2/1V/B
Single Phase X Cables | X1 Black X1/2U/a
Single Phase X Cables | X2 Black X2/2VIb
Three Phase H Cables HO Red HO/IN/n
Three Phase H Cables H1 Red H1/1U/A
Three Phase H Cables H2 Red H2/1Vv/B
Three Phase H Cables H3 Red H3/1W/C
Three Phase X Cables X0 Black X0/2N/n
Three Phase X Cables X1 Black X1/2U/a
Three Phase X Cables X2 Black X2/2VIb
Three Phase X Cables X3 Black X3/2W/c
LTC Cable RAISE (two connections) | Green RAISE
LTC Cable LOWER (two connections) | White LOWER
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TRI-PHASE OPERATING™ INSTRUCTIONS

7.0 TRI-PHASE™ Front Panel Descriptions
7.1 TRI-PHASE™ Operating Controls, Indicators and Connectors

120240 Vac, 24, 50-60Hz
Fuse: 250Vac, SA Fast-Blow

WARNING!

Vanguard Instruments Co., Inc.

Ontario, California, USA
WWW. d-inst ts.com

TRI-@™

True 3 - Phase Transformer Ratio Tester

N’( "

JKI. m o
"PUSH"

PQHS wxvz TO SELECT

12 11

Figure 1.0 Model TRI-PHASE™ Front-Panel Controls, Indicators and Connectors

16



TRI-PHASE OPERATING™ INSTRUCTIONS

7.1 TRI-PHASE™ Operating Controls, Indicators and Connectors (continued)

Table 4.0 Model TRI-PHASE™ Front-Panel Controls, Indicators, and Connectors
Fig. 2.0 Index Panel Markings Functional Description
1 USB USB interface port to PC
2 EMERGENCY Emergency turn off test voltage switch
TURN OFF
“PUSH”
3 H H voltage test connector
4 LTC Load Tap Changer controller connector
CONTROLER
5 X X voltage test connector
6 USB DRIVE USB FLASH memory thumb drive interface port
7 None (wing nut) Ground stud connected to substation ground
8 120-240Vac, 2 A, Input power connector and fused power switch
50/ 60Hz with third-wire safety ground
Fuse: 250Vac, 5 A,
Fast Blow
9 None (printer) Thermal printer, 4.5-inch wide printout
10 CHANGE Control Knob: Turning this Control Knob
“PUSH” scrolls through different menu options (shown
TO SELECT on LCD). Select the displayed menu option by
pushing the knob.
11 None (keypad) pushbutton operating controls, 16-keys
12 LTC CONTROL Load Tap Changer Control push button switches
13 None (LCD display) LCD display 64 by 128 dot graphic, back-
lighted, sunlight readable display
14 TEST IN PROGRESS | Thisred LED flashes in response to a command
or when a test voltage is applied to the test
transformer. The red LED flashes with a
corresponding beeping sound at a 1 second rate
during test.
15 RS-232C RS-232C connector for interface to an IBM

compatible computer. A 9-pin, female DB type
connector. Data rate is set to 115,000 baud, 1
start bit, 8 data bits, 2 stop bits, and no parity bit.
Connector pin functions are:

PIN SIGNAL
2 Rx

3 TX

5 Gnd
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TRI-PHASE OPERATING™ INSTRUCTIONS

8.0 TRI-PHASE™ Printer and Printer Paper

The TRI-PHASE™ built-in thermal printer uses 4.5-inch wide thermal paper for printing test
results. In order to maintain the highest quality printing and to avoid paper jams we recommend
using the paper supplied by our factory. Paper can be ordered from the following sources.

Vanguard Instruments Co, Inc.
1520 S. Hellman Ave.
Ontario, CA 91761
Tel: 909-923-9390
Fax: 909-923-9391
Part Number: TP-4 Paper
OR
BG Instrument Co.
13607 E. Trent Ave.
Spokane, WA 99216
Tel: 888-244-4004
Fax: 509-893-9803
Part Number: TP4 paper

9.0 Memory Storage Capabilities
9.1 Test Record Memory Storage Capabilities

The TRI-PHASE™ is capable of storing up to 112 transformer test records in the on-board FLASH
EEPROM. The TRI-PHASE™ is capable of restoring test records from the on-board FLASH
EEPROM. After a test record is restored it may be viewed on the TRI-PHASE™ LCD screen
and/or transferred to a USB FLASH memory thumb drive, to a PC, or printed using the built-in
thermal printer. Storing more than 112 transformer test records requires a USB FLASH memory
thumb drive. A USB FLASH thumb drive is capable of storing 999 transformer test records.

9.2 Transformer Test Plan Memory Storage Capabilities

Each TRI-PHASE™ is capable of storing up to 128 Transformer Test Plans in the FLASH
EEPROM. Test plans allow the operator to perform a complete transformer test and obtain
PASS/FAIL results.

10.0 Operating Voltages
10.1 Operating Voltages

The TRI-PHASE™ operating voltage is 100-240Vac, 50/60Hz.
The TRI-PHASE™ has built-in ground fault isolation detection and will only operate with
operating voltages that are ground-fault isolated.

18



TRI-PHASE OPERATING™ INSTRUCTIONS

11.0 Special Features
11.1 LCD Contrast Control

To darken the LCD display, press and hold the “A Contrast” switch for more than two seconds. To
lighten the LCD display, press and hold the “V¥ Contrast” switch for more than two seconds.

11.2 Test Voltages

The TRI-PHASE™ has three selectable test voltages: 8Vac, 40Vac, and 100Vac. The TRI-
PHASE™ has two selectable test frequencies, 50 Hz and 60 Hz. Refer to Table 19.0 for test voltage
selection.

11.3 Computer Control And TTRA Software Application
The TRI-PHASE™ may be controlled by an IBM compatible PC via the RS-232 interface port or
USB interface port. Cables for the RS-232C and USB connections are supplied with each TRI-
PHASE™. The operator connects the appropriate PC interface cable to the TRI-PHASE™. A
Microsoft Windows " Based PC TTRA software application is delivered with each TRI-PHASE™.
The TRI-PHASE™ test result data is stored in ASCII format making it possible to export the data
into any database desired. Microsoft Windows XP ™ and Microsoft Windows Vista ™ support the
TTRA software application. Using this software application, the operator has the ability to:

e Perform transformer test(s) under control of the PC

e Save transformer test results directly to the PC

e Transfer test records stored in the TRI-PHASE™ FLASH EEPROM to the PC

e Transfer transformer test plans generated by the TTRA to the TRI-PHASE™ FLASH

EEPROM memory
e Transfer test records from the TRI-PHASE™ FLASH EEPROM to the thumb drive
e Transfer test plans generated by the TTRA into the thumb drive

11.4 USB FLASH Memory Thumb Drive

The USB FLASH memory thumb drive is capable of storing test records and test plans. This device
will be referred to from now on as the “thumb drive”. Many of the operational menus described in
this manual will contain an extra option to select the thumb drive. When this option is selected, the
submenus will allow for selection of the internal FLASH EEPROM memory or the thumb drive
FLASH memory. Refer to section 25.0 for further details of the menus which have this option.
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TRI-PHASE OPERATING™ INSTRUCTIONS

12.0 Typical Cable Hook Up Configurations

Always ground the TRI-PHASE™ with the provided ground cable contained in the cable set
before connecting H and X cables. Ground the transformer bushings before connecting test leads to
transformer. This procedure prevents inducing any voltages into the TRI-PHASE™. All transformer
buss connections must be removed and transformer isolated before performing testing of
transformer. Typical TRI-PHASE™ cable connections to different transformers are illustrated in
Figure 2.0 to Figure 13.0.

12.1 Typical Cable Connections to a Delta-Wye Transformer
Typical cable connections to a Delta to Wye transformer are shown in Figure 2.0 and Figure 4.0.

|
|

iH1
|H2

JH3

Figure 2.0 Typical H & X Cable Connections to a Delta-Wye Transformer
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TRI-PHASE OPERATING™ INSTRUCTIONS

12.2 Typical Cable Connections to a Delta-Wye Transformer (continued)

X Cable LTC Control Cable Gnd Cable

H Cable Power Cable

Figure 3.0 Typical Front Panel Cable Connectors

Ha

H Cable Connections ,
H. If

e e

Figure 4.0 Typical H & X Cable Connections to Delta-Wye Transformer
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TRI-PHASE OPERATING™ INSTRUCTIONS

12.3 Single Phase Transformer Typical Connections

TRI-PHASE
Automatic Transformer Ratio Tester

X1 LEAD ® ® 111 LEAD
BLACK RED
X2 LEAD H2 LEAD
BLACK RED

X2 H2

Figure 5.0 Single Phase Transformer Typical Connections

TRI-PHASE

Automatic Transformer Ratio Tester

080126V652D H1 1X4 H2 | X2

H1 RED
LEAD

X1 BLACK
LEAD

H2 RED
LEAD

X2 BLACK
LEAD

Figure 6.0 Single Phase Auto Transformer Typical Connections
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TRI-PHASE OPERATING™ INSTRUCTIONS

12.4  Voltage Regulator Typical Connections

TRI-PHASE
Automatic Transformer Ratio Tester
X2 H2 H1 X1
H1 LEAD
RED SOURCE
o\ SERIES WINDING
@ R E - . —— x1LEAD
H BLACK
I RAISE
1 |
L
SHUNT I ,Q'
H2 LEAD WINDING
RED I o
R
| |
I LOAD
X2 LEAD —
BLACK COMMON T — . — -

Figure 7.0 Type A Voltage Regulator Typical Connections

TRI-PHASE
Automatic Transformer Ratio Tester

xi H1 H2 X2

X1 LEAD
BLACK

SERIES WINDING

H1 LEAD
RED

SHUNT

SOURCE — WINDING H2 LEAD

020806ATR1 COMMON X2 LEAD
BLACK

Figure 8.0 Type B Voltage Regulator Typical Connections
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TRI-PHASE OPERATING™ INSTRUCTIONS

12.5 Donut Type (un-mounted) Current Transformer (CT) Typical Connections

TRI-PHASE
Automatic Transformer Ratio Tester

X 2 IH1 | H2

X1 LEAD
BLACK ‘

T ek

H1

Figure 9.0 Donut Type (un-mounted) Current Transformer (CT)
Typical Connections

NOTE:
H and X test leads are reversed for the CT ratio test shown above.
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TRI-PHASE OPERATING™ INSTRUCTIONS

12.6  Multi-tap CT Typical Connections

TRI-PHASE |

Automatic Transformer Ratio Tester
X2 H2 X1 H1

H1 LEAD

E.:

H2 LEAD
H2

RED

X2 LEAD _-;
BLACK #5~ X5

Figure 10.0 Multi-tap CT Typical Connections

12.7 Bushing-Mount-CT on A Typical Single Phase Transformer Connections

TRI-PHASE
Automatic Transformer Ratio Tester

X1 H1 H2 X2

X1 LEAD BUSHING
BLACK CT H1 LEAD

® | Hi RED
~ 2] ,/
I o X1
]
. ! H2 LEAD
JUMPER : § ! X2 % RED
LEAD N
H2
X2 LEAD
BLACK

Figure 11.0 Bushing-Mount-CT on A Typical Single Phase Transformer Connections
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TRI-PHASE OPERATING™ INSTRUCTIONS

Bushing Mount CT’s on Typical Delta Transformer Connections

12.8

NOTE:
Install jumper on the unused winding

NOTE:

(1) JUMPER INSTALLATION
ON SECONDARY WINDING.

JUMPER X2 LEAD
CABLES

BLACK
(TYP 3 PLACES) H2

® | H1
- r ':. X1 % EEDLEAD
"B" PHASE | "
BUSHING CT : ' X2
- _Jda
H2
JUMPER CABLE
"A" PHASE "C" PHASE
BUSHING CT BUSHING CT
_———— [m = =
1 1
H® ()1 H2 H21 () e Hi
H1 L L H3
| |
% PR . Ll - . %
®
BLACK BLACK
X1 X2 %xz X1
—
H1RIE||:E)AD JUMPER
CABLE
HO LEAD H3 LEAD
RED RED
X1 H1 HO H3 X3 |H2 |x2
TRI-PHASE
Automatic Transformer Ratio Tester

Figure 12.0 Bushing Mount CT’s on Typical Delta Transformer Connections

NOTE:
The CT turns-ratio is obtained by performing a YNd test.
Install jJumpers on transformer secondary windings.
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TRI-PHASE OPERATING™ INSTRUCTIONS

12.9 Bushing Mount CT’s on Typical Wye Transformer Connection

©

JUMPER
CABLES

JUMPER
CABLES

(TYP 3 PLACES) (TYP 3 PLACES)
HO LEAD
RED
X2
NOTES: X2 LEAD
BLACK
H2 Leap U[]
(1) JUMPER INSTALLATION RED |7/

ON PRIMARY WINDING.

'
+ "B" PHASE
BUSHING CT

H1 LEAD
RED
X1 LEAD
BLACK "A" PHASE BLACK
BUSHING CT
"C" PHASE * P
BUSHINGCT M~ P
X3 LEAD
BLAC
X3
H1 X1 X0 X3 | H3 | X2 | H2| HO
TRI-PHASE

Automatic Transformer

Ratio Tester

Figure 13.0 Bushing Mount CT’s on Typical Wye Transformer Connection

NOTE:

The CT turns-ratio is obtained by performing an YNyn test.
Install jumpers on transformer primary windings.
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TRI-PHASE OPERATING™ INSTRUCTIONS

13.0 Single-Phase Transformer Test Procedure

Table 7.0 shows the procedure to test a single-phase transformer (2,400 /240 V). Detailed
descriptions of each menu are provided in the following sub-sections. Refer to Figure 1.0 for
location of controls. The precondition for the following test procedure is that no previous single-
phase transformer test has been performed (i.e., no stored test results in non-volatile memory), and
there were no previous test records restored to non-volatile memory.

NOTE:

Pressing the “STOP”” button aborts all tests and/or submenus
and returns the LCD screen display to the ““Main Menu”’.

Table 5.0 Single-Phase Transformer Test Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Run Test” from the |1.RUN TEST Press key number 1
“Main Menu” 2 SETUP or push down Control
3.TEST PLAN Knob
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08
2 Select “Single Phase” from XFMR CONFIG: Press key number 1
“Transformer Configuration |L.SINGLE PHASE or push down Control
Menu” 2.Dy Knob
3.vd
4.Dd
5.Yy
6.Next Page
3 “Transformer Name Plate XEMR NAME PLATE VLTG Press key number 1
Voltage Status Display” |1.YES or push down Control
Select “YES” 2 NO Knob
4 “Name Plate Voltage Status NAME PLATE VOLTAGE: Use keys 0-9 for data
Display” H:X entry of transformer
Enter H line voltage from 0: name plate voltage
transformer nameplate
5 “Name Plate Voltage Status NAME PLATE VOLTAGE: Press “ENTER”
Display” H: X or push down Control
Confirm H voltage 2,400 : Knob
(2400 was keyed for
this test)
6 “Name Plate Voltage Status NAME PLATE VOLTAGE: Use key numbers 0-9
Display” H: X for data entry
Enter X line voltage from 2,400: O
transformer nameplate
7 “Name Plate Voltage Status NAME PLATE VOLTAGE: Press “ENTER”
Display” H: X or push down Control
Confirm X voltage 2,400 : 240 Knob
(240 was keyed for
this test)
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TRI-PHASE OPERATING™ INSTRUCTIONS

13.0 Single-Phase Transformer Test Procedure (continued)

Table 5.0 Single-Phase Transformer Test Procedure (continued)
STEP DESCRIPTION DISPLAY ACTION
8 “Start/Stop Test Status Display” “START” TO TEST Press START key
OR
“STOP” TO ABORT
9 “Test in Progress” status display | TEST IN PROGRESS None
PLEASE WAIT...

10 “Test Results Status Display” RATIO mA %DIFF None
Observe ratio, excitation current, | +10.005 1.9 0.05
and percentage error on LCD
display

11 “Test Results Status Display” RATIO mA %DIFF Press any key or push
Go to next LCD display +10.005 1.9 0.05 down Control Knob

12 Select “YES” from the “Print PRINT TEST RESULTS? Press key number 1
Test Results Menu” to print test |1.YES | or push down Control
result on built-in 2.NO Knob
printer

13 Select “Column” from the “Print | PRINT FORMAT Press key number 1 or
Format Menu” [1.cOLUMN | push down Control

2 DETAILED Knob for a column
report.

14 Select “YES” from the “Keep KEEP THIS READING? Press key number 1 or
This Reading Menu” to store |1.YES | push down Control
current test reading (i.e., test 2.NO Knob to store reading
results) in non-volatile memory
NOTE:

Refer to note at end of table

15 “Test Saved Status Display” TEST SAVED Press any key or push
Current test reading is saved down Control Knaob

16 Select “NO” from the “Run RUN ANOTHER TEST? Press key number 2
Another Test Menu” [L.YES | Selection of 2 may be

2 NO made by turning the

3. REPEAT PREV. TEST Control Knob. Push
down Control Knob
after 2 is selected

17 Selecting “YES” from the “Save | SAVE THIS RECORD? Press key number 1

This Record Menu”
Store test results in FLASH
EEPROM

lL.YES |
2.NO

or push down Control
Knob
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TRI-PHASE OPERATING™ INSTRUCTIONS

13.0 Single-Phase Transformer Test Procedure (continued)

Table 5.0 Single-Phase Transformer Test Procedure (continued)

STEP DESCRIPTION DISPLAY ACTION
18 “Record Saved” confirmation RECORD NUMBER # Press any Key or push
status display HAS BEEN SAVED down Control Knob

Test results saved in FLASH
EEPROM as a test record
NOTE:

The next sequential record
number (#) is automatically
generated and displayed

19 Return to “Main Menu” [L.RUN TEST None

2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08

NOTE:
The precondition for the above test procedure was that no previous single-phase transformer test
record was residing in temporary memory. Once a single phase test record has been saved to
FLASH EEPROM, or a single phase test record restored from FLASH EEPROM and another single
phase transformer test is performed, selecting “YES” in response to “Keep This Reading” at step
17 results by displaying the following menu.

PREVIOUS DATA IN BUF.

[L.APPEND PREV. DATA |
2.CLEAR PREV. DATA

Selecting menu option 1 (“Append Prev. Data”) will result in appending the current test results to
all of the previous test results from the test record stored in temporary memory, assigning this new
record to the next test record number in sequence. Selecting menu option 2, “Clear Prev. Data” will
result in clearing the temporary memory of all previous test results from the test record except the
current test results and assigning this test result to the next sequential test record number. The
temporary memory will be lost when the TRI-PHASE™ is powered-off, but the test records remain
in the TRI-PHASE™ FLASH EEPROM non-volatile internal memory.

30



TRI-PHASE OPERATING™ INSTRUCTIONS

13.1 Main Menu

1.RUN TEST
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC

TIME: 20:15:05
DATE: 07/16/08

Figure 14.0 Main Menu

a. Description: The “Main Menu” (i.e., “start-up”) provides selection of the primary
functions of the TRI-PHASE™. These functions consist of one or more sub-menus that
allow the operator to test a transformer, select various settings or options, select test plan
options, or perform diagnostics on the TRI-PHASE™.

b. Origin: The “Main Menu” displays on the LCD after power is applied to the TRI-
PHASE™,

c. Action Options:
Press key number 1 to select “Run Test”
Press key number 2 to select “Setup”
Press key number 3 to select “Test Plan Menu”
Press key number 4 to select “Diagnostic”
Selection may also be made by turning the Control Knob to select a menu option and then
pushing down on the Control Knob once the selection is made.

d. Action To Perform: Select menu option 1 for this example.
NOTES:
Real time and date is displayed at the bottom of LCD screen.

Refer to section 11.1 for LCD contrast control operation.

To return to the “Main Menu” at any time press “STOP” on the keypad.
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13.2 Transformer Configuration Selection Menu

XEMR CONFIG:
1.SINGLE PHASE
2.Dy

3.Yd

4.Dd

5.Yy

6.Next Page

Figure 15.0 Transformer Configuration Selection First Menu

XFMR CONFIG:
1.Dz

2.Zd

3.Yz

4.7y

51T

6.Previous Page

Figure 16.0 Transformer Configuration Selection Second Menu

a. Description: Either “Transformer Configuration Selection Menu” above will allow the
operator to select the transformer type to be tested. There are two menus for this selection.
The first menu is shown in Figure 15.0 which is displayed first. When the operator selects
“Next Page” from the first menu, the second menu is displayed as shown in Figure 16.0.

b. Origin: The “Transformer Configuration Selection” first menu displays after selecting
“Run Test” from the “Main Menu” (Figure 14.0).

c. Action Options: Select the type of transformer configuration to be tested by pressing key
numbers that correspond to the numbered menu items on the keypad, or by turning the
Control Knob to the desired menu item, then pushing down on the Control Knob once
selected.

d. Action To Perform: With the first menu displayed, select the menu option 1 for this
example.

NOTE:
The TRI-PHASE™ will support 130 transformer types defined by ASNCI/CEI/ICE standards.
All transformer configurations supported by the TRI-PHASE™ are listed in Appendix B.
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13.3 Transformer Name Plate Voltage Menu

XFMR NAME PLATE VLTG
1.YES
2.NO

Figure 17.0 Transformer Nameplate Voltage Menu

a. Description: This menu provides access to the “Name Plate VVoltage” status display
(Figure 18.0) for entry of the transformer nameplate voltages which are used to derive a
calculated turns-ratio. The calculated turns-ratio is then used to compare the measured
turns-ratio and calculate a percentage error reading.

b. Origin: The transformer nameplate voltage menu displays after selecting “Single Phase”
from options listed in the “Transformer Configuration Selection Menu” (Figure 15.0). For
other transformer configurations, this menu displays prior to the “Start/Stop Test” status
display.

c. Action Options: Press key number 1 (*'YES”) push down the Control Knob to use the
calculated turns-ratio in the test results and advance to the “Name Plate VVoltage” status
display (Figure 18.0). Press key number 2 to bypass this option and advance to the
“Start/Stop Test” status display (Figure 22.0). Selection may also be made by turning the
Control Knob to select a menu option, then pushing down on the Control Knob once the
selection is made.

d. Action To Perform: Select menu option 1 for this example.
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13.4 Transformer Voltage Data Entry Status Displays

NAME PLATE VOLTAGE:
H: X
0 :

Figure 18.0 Name Plate Voltage Status Display

NAME PLATE VOLTAGE:
H: X
2,400 :

Figure 19.0 Name Plate Voltage Display, H Voltage Keyed In

NAME PLATE VOLTAGE:
H: X
2,400: O

Figure 20.0 Name Plate Voltage Display, H Voltage Entered

NAME PLATE VOLTAGE:
H: X
2,400 : 240

Figure 21.0 Name Plate Voltage Display, X Voltage Keyed In

a. Description: Allows for entry of the H and X voltages for the transformer to be tested,
which are used to calculate the turns-ratio. The operator enters the transformer nameplate
voltages.

b. Origin: The name plate voltage status will display on LCD after the operator has selected
menu option 1 on the “Transformer Name Plate VVoltage Menu” (Figure 17.0).

c. Action Options: Press key numbers 0 thru 9 to enter transformer voltages. Press the
“ENTER” key to confirm voltage entry. The Control Knob may be pushed down after the
numeric keys are pressed for each entry of H and X voltages. Press the “CLEAR” key to re-
enter data.

d. Action To Perform: Enter name plate voltages of 2400 for H, and enter 240 for X for this
test example.
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13.5 Start/Stop Test Status Display

“START” TO TEST
OR
“STOP” TO ABORT

Figure 22.0 Start/Stop Test Status Display

a. Description: Allows the operator to start to test or abort a test.

b. Origin: The LCD displays “Start/Stop Test Status Display” after the operator enters the
nameplate voltage for X (Figure 21.0) or selects 2 on the “Transformer Name Plate VVoltage
Menu” (Figure 17.0).

c. Action Options: Press the “START” key to start a test and advance to the “Test In
Progress Status Display” (Figure 23.0). Press the “STOP” key to abort a test and return to
the “Main Menu”.

d. Action To Perform: Press the “START” key to start the test for this example.
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13.6 Test In Progress Status Display

TEST IN PROGRESS
PLEASE WAIT...

Figure 23.0 Test In Progress Status Display

a. Description: The “Test In Progress Status Display” (Figure 23.0) is displayed when the
turns-ratio test is performed.

b. Origin: The LCD displays the “Test In Progress Status Display” after the operator presses
the “START” key (Figure 22.0).

c. Action Options: None.

d. Action To Perform: Observe status.
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13.7 Test Results Status Display

RATIO mA%DIFF
+10.005 1.9 0.05

Figure 24.0 Test Results Status Display

a. Description: Displays the transformer winding polarity, turns-ratio, excitation current (in
milliamps), and turns-ratio percentage error after completion of the transformer test. A
typical turns-ratio test result screen is shown in Figure 24.0. The display result is explained
below:

Ratio displayed: 10.005
Polarity displayed:  “+” (in phase)
Excitation current:  1.9mA
Percentage error: 0.05%

b. Origin: The LCD displays “Test Results Status Display” (Figure 24.0) after the “Test In
Progress Status Display” (Figure 23.0).

c. Action Options: Press any key or push down the Control Knob to go to the “Print Test
Results Menu” (Figure 25.0).

d. Action To Perform: Observe the test result status, then press any key or push down the
Control Knob.

NOTE:
“% DIFF" is calculated as the Absolute Value of [(Cal ratio —~Measured ratio)/Cal ratio] x 100.
“% DIFF”” will only be displayed if nameplate voltages were entered.
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13.8 Print Test Results Menu

PRINT TEST RESULTS?
1.YES
2.NO

Figure 25.0 Print Test Results Menu

Description: The TRI-PHASE™ has the capability to print the current test results
(displayed on the LCD screen) using the built-in thermal printer.

Origin: The “Print Test Results Menu” is displayed after operator presses any key or
pushes down on the Control Knob from the “Test Result Status Display” (Figure 24.0).

Action Options: Press key number 1 (*“YES”) or push down the Control Knob to advance
to the “Print Format Menu” (Figure 26.0). Press key number 2 to advance to “Keep This
Reading Menu” (Figure 29.0). Number 2 may be selected by turning the Control Knob,
then pushing down on the Control Knob after 2 is selected.

Action To Perform: Select menu option 1 for this example.

13.9 Print Format Menu

PRINT FORMAT?
1.COLUMN
2.DETAILED

Figure 26.0 Print Format Menu

a. Description: Allows the operator to select which format to use for printing the test results.

C.

Refer to Figure 27.0 for a typical column format printout. Refer to Figure 28.0 for a
detailed format printout.

Origin: This menu is displayed after the operator selects 1 (“YES”) from the “Print Test
Results Menu” (Figure 25.0).

Action Options: Press key number 1 or push down on the Control Knob to select the
column format print out of the test results. Press key number 2 to select the detail format
printout of the test results. Number 2 may be selected by turning the Control Knob, then

38



TRI-PHASE OPERATING™ INSTRUCTIONS

pushing down on the Control Knob after number 2 is selected.
d. Action To Perform: Select menu option 1 for this example.

e. Results of Action: Once the desired print format is selected the test results are printed and
the LCD displays the “Keep This Reading Menu” (Figure 29.0).
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13.10 Test Result Column Format Printout

TRANSFORMER TEST RESULTS
1
DaTE : OF — 147 —0o8 TIME :: OF - =8 : S
COMPAaMNY = vaNnGuUuaRD
STEeaTION: FacT OoORY
CIRCUIT = 1L=20
MER = asc
HMOoODEL- = TEST TRAaNSFORMER
= (N -
<vea RTG: SookVvVe
OoOFERaTOR = DavE
| 2
TEST YOLTAacgE = SO VvV, o
TYPE = SINGLE PHaAaSE >=FORMER —t—3
SINGLE PHAaASE
4
.//
H L eee—— ] = e ] —
5
.//
H TaFrs H woOLTAacGE:= =L OO | 5
> TeaFs = O UOLTAGESS ==
HamME PLAaTE RaT IOs 10 . OO 00— 7
FH=S MofFRa&aT IO me PFHARSE =DIFF 8
= -+ 10 . OO0 1.2 O O= O O0O=se—t—
®
Dﬁﬁ&:o?zl?xas \ TIHE\O?:ZE=59
12 11 10

Figure 27.0  Single Phase Column Format Printout

A typical single-phase transformer test results printout in column format is shown in Figure 27.0.

The test results printout is explained below.

Test record time and date is printed at the top of the printout
Test voltage is 40 volts at 60 Hz for this test. Refer to section 11.2 for more details about

1
2
test voltages and frequencies

3. Type of transformer under test is single phase
4. Transformer configuration diagram

5. H tap voltage is 2,400 volts

6. X tap voltage is 240 volts

7. Calculated turns-ratio is 10.000

8

Percentage error between calculated ratio and measured ratio is 0.05%

9. Measured winding phase angle is 0.02 degrees
10. Excitation current is 1.9mA

11. Measured ratio is 10.005

12. Winding polarity is shown as “+” or “in phase
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13.11 Test Result Detail Format Printout

TRANSFORMER TEST RESULTS

DAaTE : O7F ~17 ~O8 rTIME:o7:=1:c1e}— 1
CcCOoOMPAaNY : vaNGUAaRD

STATION: EFAacToORY

CIRCUIT : 1=

MER - asc

MODEL : TEST TRaAaNSFORMER

SN = -

Kvea RTG: sookva 2
OFERATOR : DAVE | —
TEST VOLTAGE = =0 VvV, &0 H= *
TvPFE: SINGLE PHAaSE =FoRMEceée———— 3

SINGLE FPHAaSE

TEST H1—HZ= AND =1—X=

HEHME PLlLAaTE VoL TAcE: /
H JUOLTAGESs =, 400
H TeaFEr SETTIMGE | 6

24:‘../

Lo UOLTAGE s
= TFAPFPF SETTINHG:

HEME FLAaTE RAaTIOs 10.coce0— |

| 8

10.ocase— |

MEAaSURED RAaTIO:=

DIFFEREHCE:= O - DS 9
MEaSURED PHASE —AHGLE = oL 0z DEG .\\10
MEASURED CURRERT:= 1.9 meag |

——11
DAaTE : O7F 17 08 TIME :O7 : 351 : Ol

Figure 28.0 Single Phase Detail Format Printout
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13.11 Test Result Detail Format Printout (continued)
The same report is now shown in detailed format printout (Figure 28.0).

The test results detail printout is explained below.

no

FO©®O~NOU AW

Test record time and date is printed at the top of the printout

Test voltage is 40 volts at 60 Hz for this test. Refer to paragraph 11.2 for more details
about test voltages and frequencies

Type of transformer under test is Single Phase

Transformer configuration diagram

H tap voltage is 2,400 volts

X tap voltage is 240 volts

Calculated turns-ratio is 10.000

Measured ratio is 10.005

Percentage error between calculated ratio and measured ratio is 0.05%
Measured winding phase angle is 0.02 degrees

Excitation current is 1.9mA

NOTE:
A phase angle printout of 999.9 indicates an unstable phase angle reading.
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13.12 Keep This Reading Menu

KEEP THIS READING?
1.YES
2.NO

Figure 29.0 Keep This Reading Menu

a. Description: The operator has the option to store the current test result in non-volatile
memory or disregard the current test results.

b. Origin: After the operator selects 1 (“'YES”) or the operator selects 2 (“NO”) from the
“Print Test Results Menu” (Figure 25.0).

c. Action Options: Press key number 1 (*'YES”) or push down the Control Knob to store
current transformer test results into non-volatile memory. Press key number 2 (“NO”) to
disregard the current test results. Number 2 may be selected by turning the Control Knaob,
then pushing down on Control Knob after 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
e. Results of Action: After selecting menu option 1, the status “TEST SAVED” is displayed

on the LCD. Press any key or push down Control Knob to go to the “Run Another Test
Menu” (Figure 31.0).
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13.13 Previous Data In Buf. Menu

PREVIOUS DATA IN BUF.

1. APPEND PREV. DATA
2. CLEAR PREV. DATA

Figure 30.0 Previous Data In Buf Menu

a. Description: This menu is displayed when there is an existing test result in memory of the
same type of transformer which is under test.
The “Append Previous Data” feature allows the operator to stop the testing in order to
perform other duties. The operator will be able to continue testing the transformer at a later
time without having to repeat any of the previous tests. It is important to remember that this
may only be accomplished when all tests are performed on the same transformer. Figure
30.0 will display when another test is performed on an identical transformer configuration
and there is a test record residing in temporary memory (i.e., buf) from an identical
transformer configuration. The previous test record may be a restored test record or the
current test record for an identical transformer configuration.

For example, a previous single phase transformer configuration test record with one or
more test results from a single phase transformer configuration is stored in TRI-PHASE™
FLASH memory. These test results are also still residing in temporary memory. The
operator performs another single phase transformer configuration test. The operator selects
“YES” in response to “Keep This Reading” at step 14 of Table 5.0 resulting in saving the
test results to temporary memory and the display of Figure 30.0.

Selecting menu option 1 (“Append Prev. Data”) will result in appending the current test
result to all of the previous test results from the test record stored in temporary memory;
assigning this new record to the next test record number in sequence.

Selecting menu option 2 (“Clear Prev. Data”) will result in clearing the temporary memory
of all previous test results from the test record except the current test result and assign the
current test result to the next sequential test record number.

b. Origin: This menu displays after the operator selects 1 (*YES”) from the “Keep This
Reading Menu” (Figure 29.0)

c. Action Options: Press key number 1 to append. Press key number 2 to clear the previous
test results from temporary memory and store the current test results in FLASH EEPROM.

d. Action To Perform: Selecting option 1 or 2. After the selection is made the status “TEST
SAVED?” is displayed. Press any key or push down the Control Knob to advance to the
“Run Another Test Menu” (Figure 31.0).
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13.14 Run Another Test Menu

RUN ANOTHER TEST?
[1.YES |

2.NO
3. REPEAT PREV. TEST

Figure 31.0 Run Another Test Menu

a. Description: Allows the selection of performing another test on the transformer, ending
testing, or repeating the previous test.

b. Origin: After the “Test Saved Status Display”. Refer to “Keep This Reading” section
13.12.d.

c. Action Options: Press key number 1 (*'YES”) or push down the Control Knob. Press key
number 2 to end the current test and advance to the “Save This Record Menu” (Figure
32.0). Selection of 2 may be made by turning the Control Knob. Push down the Control
Knob after 2 is selected.

d. Action To Perform: Select menu option 2 for this example.
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13.15 Save This Record Menu

SAVE THIS RECORD?
[1.YES |
2.NO

Figure 32.0 Save This Record Menu

a. Description: Allows for the transfer of current test results from the non-volatile memory
into FLASH EEPROM. Up to 112 test-records may be stored in FLASH EEPROM.

b. Origin: After selecting key 2 from the “Run Another Test Menu” (Figure 31.0).

c. Action Options: Press key number 1 (*YES”) or push down the Control Knob to save the
current test results to a test record. Press key number 2 to disregard the current test results
and advance to the “Test Record Not Saved Menu” (Figure 35.0  Test Record Not Saved
Menu). Selection of number 2 may be made by turning the Control Knob. Push down the
Control Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
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13.16 Record Saved Confirmation Status

RECORD NUMBER #
HAS BEEN SAVED!

Figure 33.0 Record Saved Confirmation Status Display

a. Description: The current test results are saved into the next sequential test record number
(#) assigned. The test record is saved in FLASH EEPROM.

b. Origin: Select menu option 1 (*YES”) from the “Save This Record Menu” (Figure 32.0).

c. Action Options: Press any key or push down the Control Knob to return to the “Main
Menu” (Figure 14.0).

d. Action To Perform: Press any key or push down the Control Knob for this example.
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13.17 Transformer Name Plate Voltage Menu For Another Test

XFMR NAME PLATE VLTG
1.YES

2.NO
3.USE PREVIOUS DATA

Figure 34.0 Nameplate Voltage Selection Menu For Another Test

a. Description: This menu displays when another test is performed. The operator has an
added option to use the same nameplate voltage data from the previous test.

b. Origin: After selecting number 1 (*YES”) from the options listed in “Run Another Test
Menu” (Figure 31.0) the “Transformer Name Plate Voltage Menu” to perform another test
displays.

c. Action Options: Press key number 1 (*'YES”) or push down on the Control Knob and
advance to the “Name Plate Voltage” display (Figure 18.0). Press key number 2 to bypass
this option and advance to the “Start/Stop Test Menu” (Figure 22.0). Press key number 3 to
use the same transformer nameplate voltage data from the previous test and advance to the
“Start/Stop Test Menu”. Selection of menu items may also be made by turning the Control
Knob to select a menu option, then pushing down on the Control Knob once the selection is
made.
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13.18 Test Record Not Saved Menu

ARE YOU SURE?
DATA WILL BE LOST!

[1.DO NOT SAVE RECORD
2.SAVE RECORD

Figure 35.0 Test Record Not Saved Menu

a. Description: This menu displays after the operator decides to not save the test results to a
test record.

b. Origin: Press key number 2 (“NO”) from the “Save This Record Menu” (Figure 32.0).

c. Action Options: Press key number 1 or push down the Control Knob to select not to save
the test results to a test record. Press key number 2 to save test results to a test record.
Selection of number 2 may be made by turning the Control Knob. Push down the Control
Knob after number 2 is selected.
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14.0 Dyn1 Transformer Test Procedure

Table 6.0 shows the procedure to test a Dynl (12,000 V/208 V) transformer.

Table 6.0 Dynl Transformer Test Procedure
STEP DESCRIPTION DISPLAY ACTION

1 Select “Run Test” from |1.RUN TEST Press key number 1

“Main Menu” 2 SETUP or push down
3.TEST PLAN Control Knob
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08

2 Select “Dy” (Delta to Wye) XFMR CONFIG: Press key number 2
from the “Transformer 1. SINGLE PHASE or push down
Configuration” first menu |2_ Dy Control Knob

3.Yd
4.Dd
5.Yy
6.Next Page

3 Select “YES” from the “X0 X0 ACCESSIBLE? Press key number 1
Accessible Menu” |1.YES or push down
X0 (neutral) 2.NO Control Knob

4 “Transformer Name Plate NAME PLATE VOLTAGE Press key number 1
Voltage” status display |1.YES or push down
Select “YES” 2.NO Control Knob

5 “Name Plate Voltage” status | NAME PLATE VOLTAGE: Use keys 0-9 for
display H: X data entry of
Enter H line voltage from 0: transformer name
transformer nameplate plate voltage

6 “Name Plate VVoltage” status | NAME PLATE VOLTAGE: Press “ENTER”
display H: X or push down
Confirm H voltage 12,000 : Control Knob

(12000 was keyed
for this test)

7 “Name Plate Voltage” status | NAME PLATE VOLTAGE: Use key numbers 0
display. Enter X line voltage H: X through 9 for data
from transformer nameplate 12,000: 0 entry

8 “Name Plate Voltage Status NAME PLATE VOLTAGE: Press “ENTER” or
Display” H:X push down Control
Confirm X voltage 12,000 : 208 Knob

(208 was keyed)

9 “Start/Stop Test Status “START” TO TEST Press START key

Display” OR

“STOP” TO ABORT
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14.0 Dynl Transformer Test Procedure (continued)

Table 6.0 Dynl Transformer Test Procedure (continued)

STEP DESCRIPTION DISPLAY ACTION

10 “Test in Progress Status TEST IN PROGRESS None
Display” PLEASE WAIT...

11 “Test Results Status Display” RATIO mA %DIFF | None  Three-phase
Observe ratio, excitation A 57.757 2.3 0.11 test turns-ratio results
current, and percentage error | B 57.754 24 0.11 are shown first.
on LCD display C57.741 34 0.08

XFMR TYPE: Dyn1

12 “Test Results Status Display” PHASE DATA None  Three-phase
Observe ratio, excitation Phs A PhsB Phs C phase angle test
current, and percentage error 30.01 150.00 270.01 | results are briefly
on LCD display shown next.

13 “Test Results Status Display” | SINGLE PHASE TEST RSLT: None
Observe ratio, excitation RATIO mA %DIFF | Single-phase test
current, and percentage error | A +100.06 2.4 0.14 results are displayed
on LCD display B +100.02 1.9 0.09 last

C +100.02 2.6 0.00

XFMR TYPE: Dyn1

14 “Test Results Status Display” | SINGLE PHASE TEST RSLT: Observe test results
Go to next LCD display RATIO mA %DIFF

A +100.06 24 0.14 Press any key or push

B +100.02 1.9 0.09 down Control Knob

C +100.02 2.6 0.09

XFMR TYPE: Dyn1l

15 Select “YES” from the “Print | PRINT TEST RESULTS? Press key number 1
Test Results Menu” to print [1.YES | | or push down
test result on built-in printer | 2 NO Control Knob

16 “Print Format Menu” PRINT FORMAT Press key number 1
Select either print format |1.COLUMN | or key number 2.

2 DETAILED Selection of 1 or 2
may be made by
turning the Control
Knob. Push down
Control Knob after
selection is made

17 Select “YES” from the “Keep | KEEP THIS READING? Press key number 1
This Reading Menu” to store | [1.YES | | or push down
current test reading in non- 2 NO Control Knob
volatile memory

NOTE:
Refer to note at end of table
18 “Test Saved Status Display” | TEST SAVED Press any key or push

Current test reading is saved

down Control Knob
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14.0 Dynl Transformer Test Procedure (continued)

Table 6.0 Dynl Transformer Test Procedure (continued)

STEP

DESCRIPTION

DISPLAY

ACTION

19

Select “NO” from the “Run
Another Test Menu”

RUN ANOTHER TEST?

[1.YES

2.NO

Press key number 2
Selection of 2 may be
made by turning the

Control Knob. Push
down Control Knob
after 2 is selected

3. REPEAT PREV. TEST

20 Store test results in FLASH SAVE THIS RECORD? Press key number 1

EEPROM [1.YES | | or push down
2 NO Control Knob
21 “Record Saved” confirmation | RECORD NUMBER # Press any Key or
status display HAS BEEN SAVED push down Control
Test results saved in FLASH Knob
EEPROM as a test record
NOTE:

The next sequential record
number (#) is automatically
assigned

22 Return to “Main Menu”

[1.RUN TEST
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08

| None

NOTE:
The precondition for the above test procedure was that no previous single-phase transformer test
record was residing in temporary memory. Once a single phase test record has been saved to
FLASH EEPROM, or a single phase test record restored from FLASH EEPROM and another single
phase transformer test is performed, select “YES™ in response to “Keep This Reading” at step 17
results in the display of the following menu.

PREVIOUS DATA IN BUF.

1.APPEND PREV. DATA
2.CLEAR PREV. DATA

The “PREVIOUS DATA IN BUF.” menu is displayed when previous test data is stored in
temporary memory. Selecting menu option 1 (*Append Prev. Data”) will append the current test
results to the previous test data stored in temporary memory. Selecting menu option 2 (“Clear Prev.
Data”) will store only this new test data in the temporary memory (and clear the previous data). The
temporary memory will be lost when the TRI-PHASE™ is powered-off, but the test records will
remain in the TRI-PHASE™ FLASH EEPROM non-volatile internal memory.
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14.1 Delta-To-Wye (Dyn) Transformer Test Column Format Printout

TRANSFORMER TEST RESULTS

HAEaME FLAaTE RATIO=sx

SV . asS=

THREE FHASE TEST RESULTSs=

DARTE : 10~ 133 -~08 TIME: 1+v:=37: 34— 1
CcCOoOMPAaNY = vAaNGUARD
STATION: FARcToORY
CIRCUIT = 1=0
MFER = (===
FMODEL = SHOFP TRaNSFOoORMER
=P N 1ESasSeTaS
KVEAa RTGE: SookK VA
OFERATOR : HAaTI
| 2
TEST VOLTAGE = <4949 V, & H=e— |
TYPFPE : Dy 1 e 3
Dy 1
HL <1
== <o «——— 4
H= H= =
| 5
H TEFs H JUOLTaGE: 1=, o000 &
= TEaPs > UOL TAGEs =0 o— |
T 6

FH= M _RFRaTIO mA PFHRASE =OIFF
7 P =r._. 7= =.= =o.-. o1 o. 11
\ = = . T=a =Z.a 1=S0O. 00 oO. 11
c =7. 71 S.a ZFOo.0o1 o. o=
=EIHHGLE FHRARSE TEST RESLUUUIL.TS=S=
PHS M_RAaTIO mea PHEaSE =DIFF
8 - —1o0. O =. = o.- 11 o. 1=
\ = +100. 0= 1.= O. 10 o. oS
c -1O0. o= 2. o.os o.os
DAaTE: L1o—-13= o8 TIME: 17 :37 : 3
9 //////;Rl—PHﬂsE TTR. REUV 1.010 1;3) 2007-2008

UaNGUARD INSTRUMENT cCO..
1 S. HELLMARH_RUE.

ONTARRIO. CA. 91761. USA
TEL1¢ 909> 923-3390

Wi . VANGUARD-INSTRUMENTS . COM
SERIAL HUMBER: 21001

FAX: <¢90%9> 923-9391

Figure 36.0 Dynl Column Format Printout
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14.1 Delta-To-Wye (Dyn) Transformer Test Column Format Printout (continued)

The delta-wye test results printout is explained below for Figure 36.0.

no

No ok ow

Test record time and date is printed at the top of the printout.
Test voltage is 40 volts at 60 Hz for this test. Refer to paragraph 19.0 for more details
about test voltages and frequencies.
Type of transformer under test is Delta to Wye with X0 available (Dyn1).
Transformer configuration diagram.
H tap voltage is 12,000 volts.
X tap voltage is 208 volts.
Three-Phase measured ratio, excitation current, phase angle, % Diff.
A phase: Ratio=57.757, Ext Current= 2.3mA, 30.01 degrees, % Diff=0.11
B phase: Ratio=57.754, Ext Current= 2.4mA, 150.00 degrees, % Diff=0.11
C phase: Ratio=57.741, Ext Current= 3.4mA, 270.01 degrees, % Diff=0.08
Single Phase measured ratio, excitation current, phase angle, % Diff.
A phase: Ratio=100.06, Ext Current= 2.4mA, 0.11 degrees, % Diff= 0.14
B phase: Ratio=100.02, Ext Current= 1.9mA, 0.10 degrees, % Diff= 0.09
C phase: Ratio=100.02, Ext Current= 2.6mA, 0.09 degrees, % Diff= 0.09
Winding polarity is shown as “+” or in phase.
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TRI-PHASE OPERATING™ INSTRUCTIONS

14.2 Delta-To-Wye Transformer Test Detail Format Printout

RECORD NUMBER 40
TRANSFORMER TEST RESULTS

DARTE :: 1LO~1 [ -O8 TIFME: L7 : 7 @ Z599—+4— 1
COMFPFAalNY = vanNncuaRD
STAaTION: FARCToOoORY
CIRCUIT = A=0
HMFER = (o1 = ] ==t
FMOoODEL : SHOFR TRANSFORMER
SN = A=assrTra=s
[ P RTG: SooKkWwe
OFERAaTOR : H&a I 2
I
TEST VOLTAGE = 4O V, &0 H= 60— |
TYFPE = Dym 1 ¢ 3
Dyge 1
H4 ~a
~= o ] 4
H= H= =
THREE FHARSE TEST RESUL. TS *r—t 5
TEST Hi—H3 AanD x1—=xa @ 6

HAME PLATE UL TAGE—s

H O UOL TAGESs L=, OO0
H TAaP SETTINGs

- UOLTAGE s ZCIE. 8
> TAF SETTIHRGE

HAaME FPLAaTE RATIOs ST .as9=

MEAasSuUuURED RAaTIOs =N, T s
DIFFERENCE:R O. 1 1> - 11
MEASURED PHARaRSE—AHGLEa [O . O1 DEG.__ 12
MEASURED CURREMNMNTSs 2.3 mﬁ.\\ 13
& 14

TEST HIZE—H21 AND ME=—0 1

HNAaME FPLAaTE oL TAGE s

H UL TAacEs 1=, OO0
H TEaF SETTINGSs

< UL TAGEs =0
el AP SETTINHGE
HAaME FPFLLAaTE RATIOs SV . S92 17
o——1 — 18
MEASURED RATIOs sT. TSsa
———4— 19
DODIFFEREHNCE: O 113
o—1—— 20
MEASURED PFHARSE—FHNHGL Es 1SS0 .00 oDEG
MEASURED CURREMNT s - ms o 21
L 22

TEST H3—H= ARND M3

HarME FLATE vl TAaGEs

- UL TAacEss i1iz=, 000
H TAFPF SETTINGs

> UOLTAGEnR =08
M TAPF SETTIHGs

HNARHE FPLATE RAaTIOs SV . SsS2

MEASURED RAaTIOs =s7v.7T1

ODIFFEREHNCE: a.om | 27
MEASURED FPHASE—AMNGLE: =7o.01 bDeEc® | 28
MEASURED CURREMNT: S.a ma T 29

Figure 37.0 Dyn1 Detail Format Printout
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TRI-PHASE OPERATING™ INSTRUCTIONS

14.2 Delta-To-Wye Transformer Test Detail F

ormat Printout (continued)

SIMNGLE FPHASE TEST RESULTS o—— 30
TEST H1—H3= (=1 o8 | =] > 11— ® 31
HNanE FL_aTE IO _TwmGEs
H wOL  TEacEs 1=, OO0 ° 32
H TaF SETTIHG:
> O UOLTAGE:s =o= 9 33
o O TEaP SETTIMNGSs
CaLCULAaTED REaT IO So.oz=e e 34
MEASURED RaTIO:= 100.0s @ 35
DIFFERENCE O. 1z S 36
MEASURED FPHASE—AMHGLE: o.11 DEc ¢} —— 37
MEASURED CURRERT 2 =. a4 mea 38
TEST HZ2—H1 akNO ==—>0 ¢ 39
HEME PLATE UOLTEaGEs
H woLTAaGEs 1=,000 € 40
H TAF SETTIHNHG:»
= UOLTacE s —TeT=] L4 41
M TEAPF SETTIHGS
CRLCULATED RaTIOs ss.o=2s ® 42
MEASURED RaTIOs 1oo0.o0= ¢ 43
DIFFEREH CE:S . OS> 44
MEASURED FHASE—AHNGLES: o. 10 DEC® 45
MEAaSUuURED CURRERT = 1.5 ma ¢69——————— 46
TEST HI—HZ= AakHD =S o S 47
HEME PLATE UOLTAGES:
° 48
- UOLTrAoE:s 1=, OO0 hd
- TEeEaE SEET T IHNKCGE
° 49
= UOLTEGE s =0
 TAF SETTIHG:
CaLCULATED RaTIOs SS9 - 50
° 51
MEAaSURED RaT IO 100. o=
52
DIFFEREHNCEs O.-.0oS= e
MEAaSURED FHASE—@aHGLE s o. 0o DEG 53
—1 54
MEAaSURED CSURREHT = = . = me

TRI-PHASE TTR. REV 1.010 <C)? 2007-2008
UANGUARD IMSTRUMENT CO.. INC

i usa
TEL1< 209> 923-9390 FAM1 (909> 923-93%91
W, VANGUARD=INSTRUMENTS. COM
SERIAL NUMBER: 21001

Figure 37.0 Dyn1 Detail Format Printout (continued)
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14.2 Delta-To-Wye Transformer Test Detail Format Printout (continued)
The same 3-phase test results are now shown in detailed format printout (Figure 37.0).

The test results printout is explained below:

1.

no

Test record time and date is printed at the top of the printout.

Test voltage is 40 volts at 60 Hz for this test. Refer to section 11.2 for more details about
test voltages.

Type of transformer under test is Delta to Wye with X0 available.

Transformer configuration diagram (H and X).

Three Phase Test Results heading (numbers 6 through 29).

Test H1-H3 and X1-X3 heading.

H1-H3 tap voltage is 12,000 volts.

X1-X3 tap voltage is 208 volts.

H1-H3, X1-X3 calculated voltage ratio is 57.692.

H1-H3, X1-X3 measured voltage ratio is 57.755.

H1-H3, X1-X3 percentage error between calculated ratio and measured ratio is 0.11%.
Measured phase angle between H1 to X1 is 30.01 degrees.

H1-H3 measured excitation current is 2.3mA.

Test H2-H1 and X2-X1 heading.

H2-H1 tap voltage is 12,000 volts.

X2-X1 tap voltage is 208 volts.

H2-H1, X2-X1 calculated voltage ratio is 57.692.

H2-H1, X2-X1 measured voltage ratio is 57.754.

H2-H1, X2-X1 percentage error between calculated ratio and measured ratio is 0.11%.
Measured phase angle between H1 to X2 is 150.01 degrees.

H2-H1 measured excitation current is 2.4mA.

Test H3-H2 and X3-X2 heading.

H3-H2 tap voltage is 12,000 volts.

X3-X2 tap voltage is 208 volts.

H3-H2, X3-X2 calculated voltage ratio is 57.692.

H3-H2, X3-X2 measured voltage ratio is 57.741.

H3-H2, X3-X2 percentage error between calculated ratio and measured ratio is 0.08%.
Measured phase angle between H1 to X3 is 270.01 degrees.

H3-H2 measured excitation current is 3.4mA.
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14.2 Delta-To-Wye Transformer Test Detail Format Printout (continued)

30.  Single Phase Test Results (numbers 31 through 54).

31. Test H1-H3 and X1-X0 heading.

32.  H1-H3tap voltage is 12,000 volts.

33.  X1-XO0 tap voltage is 208 volts.

34.  H1-H3, X1-X0 name plate calculated voltage ratio is 99.926.

35.  H1-H3, X1-X0 measured voltage ratio is 100.06.

36. H1-H3, X1-XO0 percentage error between calculated ratio and measured ratio is 0.14%.
37.  H1-H3, X1-X0 measured phase angle is 0.11 degrees.

38.  H1-H3 measured excitation current is 2.4mA.

39. Test H2-H1 and X2-X0 heading.

40. H3-H2 tap voltage is 12,000 volts.

41.  X2-XO0 tap voltage is 208 volts.

42.  H2-H1, X2-X0 name plate calculated voltage ratio is 99.926.

43.  H2-H1, X2-X0 measured voltage ratio is 100.02.

44,  H2-H1, X2-X0 percentage error between calculated ratio and measured ratio is 0.09%.
45. H2-H1, X2-X0 measured phase angle is 0.10 degrees.

46. H2-H1 measured excitation current is 1.9mA.

47.  Test H3-H2 and X3-X0 heading.

48.  H3-H2 tap voltage is 12,000 volts.

49.  X3-XO0 tap voltage is 208 volts.

50. H3-H2, X3-X0 name plate calculated voltage ratio is 99.926.

51. H3-H2, X3-X0 measured voltage ratio is 100.02.

52.  H3-H2, X3-XO0 percentage error between calculated ratio and measured ratio is 0.09%.
53.  H3-H2, X3-X0 measured phase angle is 0.09 degrees.

54.  H3-H2 measured excitation current is 2.6mA.

15.0 Auto Detect Transformer Configuration Capability

The auto detect feature of the TRI-PHASE™ enables it to detect the specific transformer
configuration. The user only has to select the general transformer configuration for test (for
examples, see figures Figure 15.0 Transformer Configuration Selection First Menu and Figure
16.0Transformer Configuration Selection Second Menu). The TRI-PHASE™ will identify the
specific transformer configuration and run the test. The TRI-PHASE™ is capable of detecting the
vector diagrams of the following transformer types.

Delta-Delta Delta-ZigZag
Wye-Wye ZigZag-Delta
Delta-Wye ZigZag-Wye
Wye-Delta T Type

The transformer configurations supported by TRI-PHASE™ are listed in Appendix B. Once the
correct three phase transformer configuration is identified, the TRI-PHASE™ will perform the turns
ratio test.
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16.0 Test Record Options
16.1 Restore A Test Record To Print Procedure
The following procedure allows the operator to restore a test record from FLASH EEPROM.

TRI-PHASE OPERATING™ INSTRUCTIONS

Table 7.0 Restore A Test Record To Print Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from the |1.RUN TEST | Press key number 2
“Main Menu” 2 SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Save/Restore Record” |1.RECORD ID Press key number 5
from the “Setup Menu” 2 TEST VOLTAGE Selection of 5 may be
3.TEST FREQUENCY made by turning the
4.PRINT RECORD Control Knob. Push
5.SAVE/RESTORE RECORD down Control Knob
6.SET TIME after 5 is selected
3 Select “Restore Record” from |1.RESTORE RECORD | Press key number 1
the “Save/Restore Menu” 2 SAVE RECORD or push down Control
3.RECORD DIRECTORY Knob
4.ERASE RECORD
4 Select “Enter Record RESTORE RECORD Press key number 1
Number” from the “Restore |1.ENTER RECORD NUMBER | or push down on the
Record Menu” 2 SCROLL TO SELECT Control Knob
5 “Restore Record Number RESTORE RECORD Use keys 0-9 to enter
Status” display NUMBER: record number
Enter record number to be (41 was entered)
restored
6 Confirm record number RESTORE RECORD Press “ENTER” key
NUMBER: 41 to confirm
7 “Record Restored Menu” RECORD RESTORED! Press key 1 or push
Record recalled from FLASH PRINT RECORD? down Control Knob
EEPROM to volatile memory |1.YES
2.NO
8 “Print Record Menu” PRINT RECORD Press key number 2

[1.PRINT TO LCD

2.PRINT TO PRINTER

Selection of 2 may be
made by turning the
Control Knob. Push
down Control Knob
after 2 is selected
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TRI-PHASE OPERATING™ INSTRUCTIONS

16.1 Restore A Test Record Procedure (continued)

Table 7.0 Restore A Test Record To Print Procedure (continued)
STEP DESCRIPTION DISPLAY ACTION
9 “Print Format Menu” PRINT FORMAT? Press key number 1
Select either print format |1.COLUMN or key number 2.

2 DETAILED Selection of 1 or 2
may be made by
turning the Control
Knob. Push down
Control Knob after
selection is made

10 Test record is printed PLEASE WAIT... None
PRINTING REPORT
11 Return to “Main Menu” |1.RUN TEST None
2.SETUP
3.TEST PLAN

4. DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08

60




TRI-PHASE OPERATING™ INSTRUCTIONS

16.2 Setup Menu

1.RECORD ID
2.TEST VOLTAGE
3.TEST FREQUENCY
4.PRINT RECORD
5.SAVE/RESTORE RECORD
6.SET TIME

Figure 38.0 Setup Menu

a. Description: Allows the operator to select other operational features of the TRI-PHASE™
test device.

b. Origin: From the “Main Menu” (Figure 14.0) select menu option 2.

c. Action Options: Press key number 1 or push down on the Control Knob to select the
status displays for editing the record identification (ID) which is printed with each test
result or test record. Press key number 2 to select the “Test Voltage Menu”. Press key
number 3 to select the “Test Frequency Menu”. Press key number 4 to select the “Print
Record Menu” for printing the current test record. Press key number 5 to select the
“Save/Restore Record Menu”. Press key number 6 to display the status displays for editing
the time and date settings. Selection of 2, 3, 4, 5, or 6 may be made by turning the Control
Knob to the desired number and pushing down the Control Knob after it is selected.

d. Action To Perform: Restore record #41. Select menu option 5 for this example.
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TRI-PHASE OPERATING™ INSTRUCTIONS

16.3 Save/Restore Record Menu

1.RESTORE RECORD
2.SAVE RECORD
3.RECORD DIRECTORY
4. ERASE RECORD

Figure 39.0 Save/Restore Record Menu

a. Description: Allows the operator to restore a test record, save a test record, print a
directory of test records, erase a single test record, or erase all test records.

b. Origin: From the “Setup Menu” (Figure 38.0) select menu option 5.
c. Action Options: Press key number 1 or push down Control Knob to select the “Restore

Record Menu”. Press key number 2 to select the “Save Record Menu”. Press key number 3
to select the “Record Directory Menu”. Press key number 4 to select the “Erase Record

Menu”.

d. Action To Perform: Select menu option 1 for this example.
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16.4 Restore Record Menu

RESTORE RECORD
[L.ENTER RECORD NUMBER |
2.SCROLL TO SELECT

Figure 40.0 Restore Record Menu
a. Description: Allows the operator to restore a test record.
b. Origin: From the “Save/Restore Record Menu” (Figure 39.0) select menu option 1.
c. Action Options: Press key number 1 or push down on the Control Knob to select “Enter
Record Number” option. Press key number 2 to select “Scroll To Select” option. Selection
of number 2 may be made by turning the Control Knob and pushing down the Control

Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
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TRI-PHASE OPERATING™ INSTRUCTIONS

16.5 Restore Record Number Status Display

RESTORE RECORD
NUMBER:

Figure 41.0 Restore Record Number Status Display
a. Description: The operator enters the record number to restore.
b. Origin: From the “Restore Record Menu” (Figure 40.0) selection menu option 1.
c. Action Options: Enter the record number to restore by pressing on the key numbers 0
through 9 and pressing “ENTER” to confirm. When an incorrect number(s) is/are pressed,
then pressing “CLEAR” before pressing “ENTER” clears the number(s) displayed and

allows for another number to be keyed.

d. Action To Perform: Restore record #41. Press key number 4, then key number 1 (i.e., 41
displayed) then press “ENTER” for this example.

NOTE:
If test record 41 does not exist, then use any record number the operator chooses to restore.
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TRI-PHASE OPERATING™ INSTRUCTIONS

16.6 Record Restored Menu

RECORD RESTORED!
PRINT RECORD?

1.YES
2.NO

Figure 42.0 Record Restored Menu

a. Description: Allows the operator to decide to print or not print the restored record.
Selecting menu option 1 (“YES”) allows for viewing of the record on the LCD screen or
printing to the printer.

b. Origin: Pressing “ENTER” from the “Restore Record Number Status Display” after test
record number is keyed in (Figure 41.0).

c. Action Options: Press key number 1 (“YES”) or push down on the Control Knob to
advance to the “Print Record Menu”. Press key number 2 to select “NO” option. Selection
of number 2 may be made by turning the Control Knob and pushing down the Control
Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
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16.7 Print Record To LCD Or Printer Menu

PRINT RECORD
[1.PRINT TOLCD |
2.PRINT TO PRINTER

Figure 43.0 Print Record Menu

a. Description: Allows the operator to decide to display the restored test record on the LCD
or print the restored record.

b. Origin: Selecting menu option 1 (“YES”) from the “Record Restored Menu” (Figure
42.0).

c. Action Options: Press key number 1 to select “PRINT TO LCD” option. The record data
is displayed on the LCD when selecting to print to LCD. Press key number 2 to select
“PRINT TO PRINTER” option. Selection of number 2 may be made by turning the Control
Knob and pushing down the Control Knob after number 2 is selected. The test record is
displayed on the LCD.

d. Action To Perform: Select menu option 2 for this example.
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16.8 Print Format Menu

PRINT FORMAT?
[1.COLUMN
2.DETAILED

Figure 44.0 Print Format Menu

a. Description: Allows the operator to select which format to use for printing the test record.
Refer to Figure 45.0 for a typical test record column format printout. Refer to Figure 46.0
for a typical test record detailed format printout.

b. Origin: This menu is displayed after the operator selects menu option 2 from the “Print
Record Menu” (Figure 43.0  Print Record Menu).

c. Action Options: Press key number 1 or push down the Control Knob to select the column
format. Press key number 2 for detail format or by turning the Control Knob and push down
the Control Knob after number 2 is selected.

d. Action To Perform: Either menu option 1 or 2 from step ¢ may be selected.
e. Results of Action Performed: Once the print format is selected the test report is printed

and the LCD displays the following status message momentarily, then displays the “Main
Menu”.

PLEASE WAIT...
PRINTING REPORT
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16.9 Test Record Printout Column Format

TRANSFORMER TEST RESULTS

DATE = 1LO 13 -O8 TIFAE : 1.7 = 7 = 39
COFMPFPAaNNY = vAanGuAarRD
STAT ION: FAacCcT oORY
CIRCUIT - A=
MFER - (=] =] =
HMODEL = SHOF TRAaNSFORMMER
SN = 1A =a55aTEa>
ey RTE s SookWV A
OFERAaTOoOR = Hme I
TEST VOLTAGE = =SSO W, s Hae
TYFPE = Dgrm 1L
Dy 1
H1 ~ 1
== o
H>= H= —_=
H TaFs H UDOL TAacEs 1=, OoO00o
= TeaFs > O  TAaGEs =0

HAEaME FLAaTE RATIO=sx

THREE FHASE TEST RESULTSs=

SV . asS=

FH= mM_FAaTIO m&s PHAaS=SE =DOIFF

(=] SV . TS == =0 . Ol O. 11

B SV . TS = . = 1S5S0 . OO oL 11

= =T . 7= 1 2-= Z=FO.01 oo oS

SIHNHGLE PHRARaSE TE=T RESUL . T==

FHS M_RAaTIo m& FHARSE =DIFF

(=] =+ 100 .. O = = O. 11 O . 1=

= =100 0= 1A= O 10 0. O

= - 100 0= = s oO. o9 o. o9
DAaaTE : Lo ~A33 o83 TIFME : A7 :: 37 = 33

TRI-PHASE TTR
UANGUARD INST
1 S. ELLM
ONTARRIO. CA.

TEL1< 909> 923
WK . UANGUARD-—
SERIAL HUMBER

« REU 1.010
RUMENT CO..
AN

AVE.
21761. USA
—39390 FAXs
INSTRUMENTS. COM
1 21001

<C» 2007-2008
INC

€909 > 923-9391

Figure 45.0 Test Record Printout Column Format
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16.10 Test Record Printout Detailed Format

RECORD NUMBER 40
TRANSFORMER TEST RESULTS

DARTE: L0133 o8 TIFE: A7 :37 :: 3<%
COMMFANY VvVaAaNGUAaRD

STAaTION: FARCTOoORY

CIRCUIT = A=C

HFFER= = (=] = | =i

FODEL = sHoF TRANSFORMER

S = A=SaSaTeas

[V = RTGEG: SookWVE

OFERaTOR @ H&a I

TEST VOLTAaGE _ e =] . [ =l=J] Hae

TYPE: Dygn 1
[ = TEPOE
HL <3
~= o
HS H= =

THREE FPHASE TEST RESUL. TS

TEST Hi—H3 ANHD 1L —3

HAaME FPLaTE uJuUoOLrTeacEs

H wuOoL  TAacEs 1=, OO0
H TAaP SETTINGs

= UOLTAacEs ==0s
> TAaPR SETTIRGs

HAaME PLAaTE RAaTIOs ST .Ss9S=
MEASURED RAaTIOs ST .. TS
DIFFERENCES [= S B
MEAaSURED FPHAaSE—AHGCLESs =JO. o1 oEc
MEASURED CURREHNTSs 2.3 m&a

TEST HZ=E—H21 AHD =<1

HAME FLAaTE vUoOLTAaGEs

H UOL TARGESs 1=, o0oo
H TAF SETTIHNGSs

> UOLTAGEs =0s

> TAPF SETTIHNGE

HAaME FLLAaTE RAaTIOs ST .92

MEARASURED RATIO= ST . TS
ODIFFERENCESR O. 113

MEASURED FHAaSE—mNGLE:s 1=o0. 00 DOEG

MEASURED CURRENTS .=t mA

TEST H3—H= AND MO
HamME FPLaTE VUL TAacEs

H uUuOoL TacEs 1=, 000
H TAaPF SETTINHGs

> UOLTAGEns =0s
M TAFPF SETTIHRGs

HAaME FPLATE RAaTIO= ST .s92
MEAaSURED RaTIOs =P . 71
ODOIFFERENCE:: (=T =1= L
MEAasSURED FHAaSE—aHGLESs =2vo .01 DEG
MEASURED CURREHRT:= P.=S mA

Figure 46.0 Test Record Printout Detailed Format
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16.10

Test Record Printout Detailed Format (continued)
SIHNHGLE FHRAaSsSE TE=T RESLUUL.T=
TEST H1i—HH3 =D > 1 —>=
HNAarfE FL.AaTE O TwHwmaCCE s
| o | O TrAacEs A=, OO
H TEF SETTIHNHGSE
= UOLTAacGE:s =0
- TrAFPF SETTIHNHNGSs
CAalcCcuUuULAaTED RAaTIO= h—h— R — S =5
MEASURED RAaTIOs 100 . e
DODIFFEREHCE:S 0O e 1 =32
MEARSURED FHAaSE—FHGLE:® O. 11 DE=
MEASURED CURRENHT s = . = m&
TE=ST H=—H21 AaeHD _E=—
HAamME FLAaTE UOL T TAacEs
H UOLTrAacEs 1=, OO0
H TFEAF SET T IHG:
] oL TrHAacE:s =09
- TAaPF SETTIHGSs
CRARlLCcuULAaTED REaTIOs TS, SEE
MEASUJURED RAaTIOs 100 .. O=
DIFFEREH CE®S 0O . OS>
MEASURED FHARSE—HGLE:s O. 10 DEoG
MEAaSURED CIUOURREHT = 1= m~
TEST H3E—HZ=ZE AHD =3—<0O
HAEaME FLAaTE LUOLTAaGESs
- O TrFAoE—ss 1=, OO
H T SEET T IHGSE
= UOLTAcE—s =0
= TEearF SETTIHGa
CARAalLCcCuUuLAaTED RAaTIO= == 1
MEAaSURED FEAaT IO 100 .. O=
OIFFEREHCE:R O . OS>
MEARSURED FHARSE—mHGLE:=s 0. O DOEcG
MEAaSURED CURREHRT:s = . s mE

TRI-PHASE TTR. REU 1.010
UVANHGUARD INSTRUMENT CO. .
1520 S. HELLMAMN_AUE.
ONTARIO. CA. 91761. USA
TEL1<909 > 923-93%0 FAX1 (909> $23-9391
Mkl . VANGUARD=INSTRUMENTS . COM

SERIAL HNUMBER: 21001

<C>» 2007-2008
INC

Figure 46.0 Test Record Printout Detailed Format (continued)
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16.11 Save Test Results To A Test Record Procedure

The following procedure allows the operator to save test results to a test record. The operator may
perform one or more transformer tests of an identical transformer configuration, each time saving
the test results in working memory. All of the test results remain in the temporary memory at the
completion of the testing. At that time the operator decides to save all of the test results to a test
record in flash memory and performs the following procedure. This procedure allows the operator
to perform multiple tests quickly without generating a test record for each individual test performed.

TIME: 20:15:00
DATE: 07/16/08

Table 8.0 Save Test Results To A Test Record Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Perform one or more refer to Table 5.0 or to Table 6.0 Perform a transformer
transformer test(s) and save the test using Table 5.0
test results each time but do not steps 1 through 11,
save the test results to a test steps 12 and 13 are
record until all testing is optional,
completed save the test results at
step 14
Select menu option 1 or
3 from the “Run
Another Test Menu” at
step 16 of Table 5.0 or
step 17 of Table 6.0
each time a test is
performed
2 When no more tests are to be RUN ANOTHER TEST? Press key number 2
performed select menu option 2 | [1.YES | Selection of 2 may be
(“NO”) from the “Run Another | 2 NO made by turning the
Test Menu” at step 16 of Table | 3. REPEAT PREV. TEST Control Knob. Push
5.0 or step 17 of Table 6.0 down Control Knob
after 2 is selected
3 Select menu option 1 (“YES”) SAVE THIS RECORD? Press key number 1
from the “Save This Record |1.YES | or push down Control
Menu” 2 NO Knob
NOTE:
Refer to note at end of Table
5.0 or Table 6.0
4 Test record confirmation status RECORD NUMBER # Press any key or push
display HAS BEEN SAVED! down Control Knob
All test results saved to a test
record
5 Return to “Main Menu” [1.RUN TEST | None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
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16.12 Print Test Record Directory

The following procedure allows the operator to print the directory of test records stored in FLASH
EEPROM.

Table 9.0 Print Test Record Directory Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from the “Main [L.RUN TEST | Press key number 2
Menu™ 2.SETUP ,
3.TEST PLAN Selection of 2 may be
4.DIAGNOSTIC made by turning the
TIME: 20:15:00 Control Knob. Push
DATE: 07/16/08 down Control Knob
after 2 is selected
2 Select “Save/Restore Record” |]__RECORD ID | Press key number 5
from the “Setup Menu” 2 TEST VOLTAGE
3.TEST FREQUENCY Selection of 5 may be
4.PRINT RECORD made by turning the
5.SAVE/RESTORE RECORD Control Knob. Push
6.SET TIME down Control Knob
after 5 is selected
3 Select “Record Directory” from | |1. RESTORE RECORD | Press key number 3
the “Save/Restore Menu” 2 SAVE RECORD
3.RECORD DIRECTORY Selection of 3 may be
4.ERASE RECORD made by turning the
Control Knob. Push
down Control Knob
after 3 is selected
4 Select “Short directory” from PRINT DIRECTORY Press key number 1 or
the “Print Directory Menu” |1.FULL DIRECTORY | push down Control
2.SHORT DIRECTORY ng]fb
Press key number 2.
Selection of 2 may
also be made by
turning the Control
Knob. Push down
Control Knaob after 2
is selected
5 Return to “Main Menu” [1.RUN TEST | None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08
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16.13 Print Directory Menu

PRINT DIRECTORY
1.FULL DIRECTORY
2.SHORT DIRECTORY

Figure 47.0 Print Directory Menu

a. Description: Allows the operator to print a short directory or full directory of test record
headers. Selecting the short directory will print the last ten record headers stored in FLASH
EEPROM. Selecting the full directory will print all test record headers stored in FLASH
EEPROM.

b. Origin: From the “Save/Restore Menu” (Figure 39.0) select menu option 3.

c. Action Options: Press key number 1 to print all the test record headers. Press key number
2 to print the short directory of the last ten test record headers. Selection of number 2 may
be made by turning the Control Knob and pushing down the Control Knob after number 2 is
selected.

d. Action To Perform: Select either menu option 1 or 2.

e. Result of Action: The test record directory is printed and the “Main Menu” is displayed on
the LCD.
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16.14 Record Directory Printout

The TRI-PHASE™ record directory printout shows a total of 3 records stored in FLASH EEPROM memory.
Record #33 is a single-phase transformer with one test result in record. Record #34 is a single-phase
transformer with two test results in record. Record #35 is a Delta to Wye transformer with one test result in

record.
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Figure 48.0 Record Directory Printout

The test results printout is explained below:

Record number
Date and time

Name of substation
Circuit voltage

Model of transformer

BOoo~NoOR~WDNE

Manufacturer of transformer

Serial number of transformer
0. KVA rating of transformer

Type of transformer configuration tested
Number of test results in record
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16.15 Restore Test Record To LCD Procedure

The following procedure allows the operator to restore a test record from FLASH EEPROM and
display it on the LCD for viewing.

Table 10.0 Restore Test Record To LCD Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from the “Main |1.RUN TEST | Press key number 2
Menu” 2 SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Save/Restore Record” [1L.RECORD ID | Press key number 5
from the “Setup Menu” 2 TEST VOLTAGE Selection of 5 may be
3.TEST FREQUENCY made by turning the
4.PRINT RECORD Control Knob. Push
5.SAVE/RESTORE RECORD down Control Knob
6.SET TIME after 5 is selected
3 Select “Restore Record” from IllRESTORE RECORD | Press key number 1 or
the “Save/Restore Menu” 2 SAVE RECORD push down on the
3.RECORD DIRECTORY Control Knob
4 ERASE RECORD
4 Select “Enter Record Number” RESTORE RECORD Press key number 2
from the “Restore Record |1.ENTER RECORD NUMBER | Selection of 2 may be
Menu” 2 SCROLL TO SELECT made by turning the
Control Knob. Push
down Control Knob
after 2 is selected
5 Scrolling through the test RECORDS DIRECTORY See note at bottom of
records for viewing on the LCD this page
is enabled “UP” TO SCROLL FWD
“DWN” TO SCROLL REV
6 “Restored Record Status #43 07/17/08 07:28:59 None
Display” 1 TESTS
Either the first test record is (test record number 43
displayed, or the last test record | FACTORY selected for this
is displayed on the LCD 120V example)
Scrolling will either advance or | 120V
reverse through all stored test ABC
records TEST TRANSFORMER
NOTE:

Pressing the ““PAPER .4 CONTRAST”” key displays the first record stored in FLASH EEPROM.
Pressing the “PAPER W CONTRAST” key displays the last record stored in FLASH EEPROM.
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16.15 Restore Test Record To LCD Procedure (continued)

Table 10.0 Restore Test Record To LCD Procedure (continued)
STEP DESCRIPTION DISPLAY ACTION
7 “Restored Record Status #43 07/17/08 07:28:59 None
Display” 1 TESTS
Observe test record displayed on After viewing the test
LCD FACTORY record header press
120V “ENTER?” or push
120V down Control Knob to
ABC restore the record
TEST TRANSFORMER
8 “Record Restored Menu” RECORD RESTORED! Press key number 1 or
PRINT RECORD? push down on the
Record recalled from FLASH lL.YES Control Knob
EEPROM to temporary memory | o> NO
9 “Print Record Restored Menu” PRINT RECORD Press key number 1 or
Display test record to LCD or |1.PRINT TO LCD push down on the
print test record 2 PRINT TO PRINTER Control Knob
10 “Restored Record First Status SINGLE PHASE Observe first part of
Display” Num Tests: 1 test record displayed
0717/08 07:28:59 on LCD
FACTORY Press key number 1 or
120 push down on the
ABC Control Knob to view
TEST TRANSFORMER remaining test record
11 “Restored Record Second Status | 1 SINGLE PHASE Observe second part
Display” 40 VOLTS of test record
displayed on LCD
SINGLE-PHASE RESULTS:
RATIO mA  %DIFF Press “STOP” to
+10.005 1.9 0.05 return to “Main
Menu”
12 Return to “Main Menu” |1.RUN TEST None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC

TIME: 20:15:00
DATE: 07/16/08

NOTE:

After viewing the test record, another test record may be viewed by pressing either the
“PAPER 4 CONTRAST” key or the “PAPER W CONTRAST” key and repeating steps 5 and 6.

When all desired records have been viewed press “ENTER” to advance to step 8.
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16.16 Scroll Test Record Menu

RECORDS DIRECTORY

“UP” TO SCROLL FWD
“DWN” TO SCROLL RVS

Figure 49.0  Scroll Test Record Menu

a. Description: Allows the operator to scroll in forward or reverse order through all of the
test records stored in FLASH EEPROM.

b. Origin: This menu is displayed after the operator selects menu option 2 from the “Restore
Record Menu” (Figure 40.0).

c. Action Options:
Pressing the “PAPER A CONTRAST” key displays the first test record header stored in
FLASH EEPROM. Thereafter each instance of pressing the “PAPER A CONTRAST” key
displays the next higher sequential test record header stored in FLASH EEPROM. Pressing
the “PAPER ¥ CONTRAST” key displays the next lower sequential test header stored in
FLASH EEPROM. Pressing “PAPER ¥ CONTRAST” key when the first test record is
displayed will return the LCD display to Figure 49.0.

Pressing the “PAPER ¥ CONTRAST” key displays the last test record header stored in
FLASH EEPROM. Thereafter each instance of pressing the “PAPER W CONTRAST” key
displays the next lower sequential test record header stored in FLASH EEPROM. Pressing
the “PAPER A CONTRAST” key displays the next higher sequential test header stored in
FLASH EEPROM. Pressing “PAPER A CONTRAST” key when the last test record is
displayed will return the LCD display to Figure 49.0

d. Action To Perform: Either option may be selected.
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16.17 Restored Record Status Display

*#43  07/17/08 07:28:59
*1TESTS

\
\
> T FACTORY
/
/

120V
e 120V
L« ABC
TEST TRANSFORMER

Figure 50.0 Restored Record Status Display

The restored test record header is displayed on the LCD screen.

NOTE:
The first line of the LCD displays the test record number, date and time of test
The second line of the screen displays the number of tests in test record
The third line of the screen displays the substation name
The fourth line of the screen displays the circuit voltage
The fifth of the screen displays the circuit voltage
The sixth line of the screen displays the transformer manufacture name

Uk~ wd P

NOTE:
After viewing the test record, another test record may be viewed by pressing either the
“PAPER 4 CONTRAST” key or the “PAPER W CONTRAST” key and repeating steps 5 and 6.
When all desired test record headers are viewed press “ENTER”” to advance to step 8.
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16.18 Record Restored Menu

RECORD RESTORED!
PRINT RECORD?

1.YES
2.NO

Figure 51.0 Record Restored Menu

a. Description: Allows the operator to decide to print or not print the restored record.
Deciding not to print the test record allows for viewing of the record on the LCD screen.

b. Origin: Selecting menu option 1 (*“YES”) from the “Restore Record Status Display”
(Figure 50.0).

c. Action Options: Press key number 1 to select “YES”. Press key number 2 to select the
“NO” option. Selection of number 2 may be made by turning the Control Knob and pushing
down the Control Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
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16.19 Print Record Restored Menu

PRINT RECORD
1.PRINT TO LCD
2.PRINT TO PRINTER

Figure 52.0 Print Record Restored Menu

a. Description: Allows the operator to decide to display the restored test record on the LCD
or print the restored record.

b. Origin: Selecting menu option 1 (“YES”) from the “Record Restored Menu” (Figure
51.0).

c. Action Options: Press key number 1 to select “PRINT TO LCD” option. Press key
number 2 to select “PRINT TO PRINTER” option. Selection of number 2 may be made by
turning the Control Knob and pushing down the Control Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.

e. Result of Action: The restored test record is displayed on the LCD.
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16.20 Restored Record Status Displays

SINGLE PHASE
Num Tests: 1
07/17/08 07:28:59

FACTORY

120

ABC

TEST TRANSFORMER

Figure 53.0 Restored Record First Status Display

1 SINGLE PHASE
40 VOLTS 60 Hz

SINGLE-PHASE RESULTS:
RATIO MmA%DIFF
+10.005 1.9 0.05

Figure 54.0 Restored Record Second Status Display

a. Description: The test record is displayed on the LCD in two displays.

b. Origin: Selecting menu option 1 (“YES”) from the “Print Record Restored Menu” (Figure
52.0).

c. Action To Perform: Observe the first status display of the test record on the LCD, then
press key number 1 or push down the Control Knob. Observe the second status display of
the test record on the LCD, then press the “STOP” button.
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16.21 Erase A Test Record Procedure
The following procedure allows the operator to erase a test record from FLASH EEPROM memory.

Table 11.0 Erase A Test Record Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from the “Main [1.RUN TEST | Press key number 2
Menu” 2 SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Save/Restore Record” [1L.RECORD ID | Press key number 5
from the “Setup Menu” 2 TEST VOLTAGE Selection of 5 may be
3.TEST FREQUENCY made by turning the
4.PRINT RECORD Control Knob. Push
5.SAVE/RESTORE RECORD down Control Knob
6.SET TIME after 5 is selected
3 Select “Erase Record” from the |L.RESTORE RECORD | Press key number 4
“Save/Restore Menu” 2 SAVE RECORD Selection of 4 may be
3.RECORD DIRECTORY made by turning the
4.ERASE RECORD Control Knob. Push
down Control Knaob
after 4 is selected
4 Select “Erase Single Record ERASE RECORD Press key number 1 or
Number” from the “Erase |1.ERASE SINGLE RECORD | push down on the
Record Menu” 2 ERASE ALL RECORDS Control Knob
“STOP” TO EXIT
5 Enter record number to be ERASE RECORD Use keys 0-9 to enter
erased NUMBER: record number
(50 was entered)
6 Confirm record number ERASE RECORD Press “ENTER” key
NUMBER: 50 or push down Control
Knob to confirm
(50 was keyed)
7 Record erased from FLASH ERASING RECORD Wait for next display
EEPROM PLEASE WAIT...
8 Record number erased from RECORD NUMBER 50 Press any key or push
FLASH EEPROM confirmation | ERASED! down Control Knob
9 Option to choose erasing single ERASE RECORD Press the “STOP” key

or all test records

[1L.ERASE SINGLE RECORD |

2.ERASE ALL RECORDS
“STOP” TO EXIT

to return to “Main
Menu”
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16.22 Erase Record Menu

ERASE RECORD
1.ERASE SINGLE RECORD
2.ERASE ALL RECORDS

“STOP” TO EXIT

Figure 55.0 Erase Record Menu

a. Description: Allows the operator to erase a single test record, or erase all test records from
FLASH EEPROM.

b. Origin: From the “Save/Restore Record Menu” (Figure 39.0) select menu option 4.

c. Action Options: Press key number 1 or push down on the Control Knob to select the
“Erase Single Record” option. Press key number 2 to select the “Erase All Records” option.
Selection of number 2 may be made by turning the Control Knob and pushing down the
Control Knob after number 2 is selected. Press the “STOP” key to return to the “Main
Menu”.

d. Action To Perform: Select menu option 1 for this example.

NOTE:
This menu is designed for quick erasing of multiple record numbers without erasing all test records.
After erasing a single test record this menu is displayed again for entry of another test record to be
erased.
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16.23 Erase Record Status Display

ERASE RECORD
NUMBER:

Figure 56.0 Erase Record Status Display
a. Description: Allows the operator to enter the test record number to be erased.
b. Origin: From the “Erase Record Menu” (Figure 55.0) select menu option 1.
c. Action Options: Enter the record number to erase by pressing on the key numbers 0
through 9 and pressing “ENTER” or push down Control Knob to confirm. When an
incorrect number is pressed, pressing “CLEAR” before pressing “ENTER?” clears the

number displayed and allows for another number to be keyed in.

d. Action To Perform: Press key number 5 then key number 0 (i.e., 50 displayed), then press
“ENTER?” for this example.

e. Results Of Action: After confirming the record number to be erased the following
message is displayed:

ERASEING RECORD
PLEASE WAIT...

NOTES:
The following message will display when a record is not found in FLASH EEPROM memory.
“RECORD NUMBER ##
NOT FOUND!
where ## is the test record number that was entered
then “Main Menu” is displayed

If test record 50 does not exist, then use any record number the operator chooses to erase.
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16.24 Record Number Erased Confirmation Status Display

RECORD NUMBER 50
ERASED!

Figure 57.0 Record Number Erased Status Display
a. Description: Confirmation of test record erased from FLASH EEPROM memory.

b. Origin: After keying in the test record number to be erased and pressing the “ENTER”
key.

c. Action To Perform: Press “STOP” to return the “Main Menu” for this example.
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16.25 Erase All Test Records Procedure
The following procedure allows the operator to erase all test records from FLASH EEPROM.

Table 12.0  Erase All Test Records Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from the “Main [1.RUN TEST | Press key number 2
Menu” 2 SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Save/Restore Record” |1.RECORD ID | Press key number 5
from the “Setup Menu” 2 TEST VOLTAGE Selection of 5 may be
3.TEST FREQUENCY made by turning the
4.PRINT RECORD Control Knob. Push
5.SAVE/RESTORE RECORD down Control Knob
6.SET TIME after 5 is selected
3 Select “Erase Record” from the IllRESTORE RECORD | Press key number 4
“Save/Restore Menu” 2 SAVE RECORD Selection of 4 may be
3.RECORD DIRECTORY made by turning the
4.ERASE RECORD Control Knob. Push
down Control Knob
after 4 is selected
4 Select “Erase All Records” from ERASE RECORD Press key number 2 or
the “Erase Record Menu” [L.ERASE SINGLE RECORD | push down on the
2.ERASE ALL RECORDS Control Knob
“STOP” TO EXIT
5 Confirm that all records are to be ERASE ALL RECORDS! Press “ENTER” to
erased Are you SURE? confirm
“ENTER” TO CONTINUE.
6 Records being erased from ERASING RECORDS Wait for next display
FLASH EEPROM
PLEASE WAIT...
7 All records erased from FLASH | RECORDS ERASED! Press any key or push
EEPROM confirmation down Control Knaob
9 Return to “Main Menu” [1.RUN TEST | None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC

TIME: 20:15:00
DATE: 07/16/08
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16.26 Erase All Records Status Display

ERASE ALL RECORDS!
ARE you SURE?

“ENTER” TO CONTINUE.

Figure 58.0 Erase All Records Status Display
a. Description: Allows the operator to erase all test records from FLASH EEPROM.
b. Origin: From the “Erase Record Menu” (Figure 55.0) select menu option 2.

c. Action Options: Press “ENTER” to confirm to erase all test records. Press “STOP” to
abort and return to “Main Menu”.

d. Action To Perform: Press “ENTER” to confirm to erase all test records.

e. Results of Action: After confirming to erase all test records the following message is
displayed.

ERASEING RECORDS
PLEASE WAIT...
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16.27 Record Number Erased Confirmation Status Display

RECORDS ERASED!

Figure 59.0 Records Erased Status Display

a. Description: Confirmation that all test records have been erased from FLASH EEPROM
memory.

b. Origin: After pressing “ENTER” or pushing down Control Knob from the “Erase All
Records” status display.

c. Action To Perform: Press any key or push down Control Knob to return the “Main
Menu”.
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17.0 Test Plan Options
17.1 Load a Test Plan and Test a Transformer Procedure
Table 13.0 shows the procedure to test a single-phase transformer using a test plan for this example.

This procedure may be used for any transformer configuration. Each of the menus is described in
detail in the following paragraphs.

Table 13.0 Load a Test Plan and Test a Transformer Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Load a test plan that is designed |1.RUN TEST Press key number 3
to test a single phase transformer | > SETUP Selection of 3 may be
3.TEST PLAN made by turning the
Select “Test Plan” from the 4.DIAGNOSTIC Control Knob. Push
“Main Menu” TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 3 is selected
2 Select “Load Test Plan” from |1.LOAD TEST PLAN Press key number 1 or
the “Test Plan Menu” 2 UNLOAD TEST PLAN push down Control
3.PLAN DIRECTORY Knob
4.PRINT TEST PLAN
5.ERASE TEST PLAN
6.SAVE TEST PLAN
3 “Load Test Plan Status Display” | LOAD TEST PLAN Use keys 0 through 9
Enter test plan number NUMBER: to enter test plan
number
4 “Load Test Plan Status Display” | LOAD TEST PLAN Press “ENTER” key
NUMBER: 1 or push down Control
Confirm test plan number Knob
(1 was entered)
5 Return to “Main Menu” |1.RUN TEST Press key number 1 or
2 SETUP push down Control
Perform test on transformer with | 3 TEST PLAN Knob
test plan 4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08
6 “Test Plan Loaded Menu” TP #1 Dynl Press key number 1
LCD displays test plan loaded in | TAPS: 1 or push down Control
temporary memory to be used to Knob to continue
test the transformer TEST PLAN LOADED
Confirm to use test plan loaded |1.CONTINUE
2.UNLOAD TEST PLAN
7 “Test Plan Loaded Status TAP NUMBER 1 Press “START” key
Display” HVTG: 12,000 to perform test
XVTG: 208
LCD displays H and X voltages
for test 1 “START” to RUN TEST
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17.1 Load a Test Plan and Test a Transformer Procedure (continued)

Table 13.0 Load a Test Plan and Test a Transformer Procedure (continued)
STEP DESCRIPTION DISPLAY ACTION
8 “Testing In Progress Status TEST IN PROGRESS None
Display” PLEASE WAIT...
9 “Test Results Status Display” SINGLE PHS TEST RSLT: None
RATIO mA %DIFF
Observe test results A+99.985 26 0.06P “P” indicates test
The three phase test results are B+100.08 1.8 016 P passed
displayed first, then the phase X ' '
information for A, B, and C C+99.994 24 007P Note:
_ Pass and Fail results
The single phase test results are XFMR TYPE: Dynl are shown as “P”” or
displayed last “F”” on the LCD.
10 “Test Results Status Display” SINGLE PHS TEST RSLT: Press any key or push
RATIO mA %DIFF down Control Knob
Go to next LCD display A+99.985 2.6 0.06P
B+100.08 1.8 0.16P
C+99.994 24 0.07P
XFMR TYPE: Dynl
11 “Print Test Results Menu” PRINT TEST RESULTS? Press key number 1 or
[1.YES push down Control
Print test result on built-in 2 NO Knob
printer option
12 Select “Column” from the “Print | PRINT FORMAT Press key number 1 or
Format Menu” |1.COLUMN push down Control
2.DETAILED Knob
13 “Keep This Reading Menu” KEEP THIS READING? Press key number 1 or
Store test reading in FLASH [1.YES push down Control
EEPROM 2.NO Knob
14 “Test Saved Status Display” TEST SAVED Press any key or push
down Control Knob
15 “End of Test Plan Status END OF TEST PLAN Press any key or push
Display” down Control Knaob
Last test completed from test
plan
16 “Save This Record Menu” SAVE THIS RECORD? Press key number 1 or

Save record in FLASH
EEPROM option

[1.YES

2.NO

push down Control
Knob
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17.1 Load a Test Plan and Test a Transformer Procedure (continued)

Table 13.0 Load A Test Plan And Test Transformer Procedure (continued)
STEP DESCRIPTION DISPLAY ACTION
17 “Record Saved Status Display” RECORD NUMBER 60 Press any key or push
HAS BEEN SAVED! down Control Knob to
Test results saved in FLASH return to “Main Menu”
EEPROM to a test record Test record 60 saved
confirmation for this example
18 “Main Menu” [1.RUN TEST | None
2.SETUP
3.TEST PLAN
4. DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08
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17.2 Test Plan Menu

1.LOAD TEST PLAN
2.UNLOAD TEST PLAN
3.PLAN DIRECTORY
4.PRINT TEST PLAN
5.ERASE TEST PLAN
6.SAVE TEST PLAN

Figure 60.0 Test Plan Menu
a. Description: Allows the operator to select various test plan options.
b. Origin: From the “Main Menu” (Figure 14.0) select menu option 3.

c. Action Options: Press key number 1 or push down on the Control Knob to select the
“Load Test Plan” status display. Press key number 2 to select the “Unload Test Plan” status
display. Press key number 3 to print the test plan directory. The printing of the test plan
directory commences immediately after this selection is made. Press key number 4 to select
the “Print Test Plan Menu”. Press key number 5 to select the “Erase Test Plan Menu”. Press
key number 6 to select the “Save Test Plan” status display. Selection of 2, 3, 4, 5 or 6 may
be made by turning the Control Knob to the desired number and pushing down the Control
Knob after it is selected.

d. Action To Perform: Select menu option 1 for this example.
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17.3 Load Test Plan Number Status Display

LOAD TEST PLAN
NUMBER:

Figure 61.0 Load Test Plan Number Status Display

a. Description: Allows the operator to enter a test plan number to test a transformer. The
pass/fail test requirements for %DIFF are defined in the test plan. This enables the printing
of the pass/fail status of the test.

b. Origin: From the “Test Plan Menu” select menu option 1.

c. Action Options: Enter the test plan number to load by pressing on the key numbers 0
through 9 and pressing “ENTER” or push down on the Control Knob to confirm. Press
“STOP” to abort and return to “Main Menu”. Press “CLEAR” prior to either of the above
actions to enter a different test plan number.

d. Action To Perform: Enter the test plan number 1 for this example by pressing the key
number 1 and pressing “ENTER” or push down on the Control Knob to confirm.

NOTE:
If test plan 1 does not exist, then use any test plan number the operator chooses to load.
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17.4 Test Plan Loaded Menu

TP# 1 Dyn1
TAPS: 1

TEST PLAN LOADED
1.CONTINUE
2.UNLOAD TEST PLAN

Figure 62.0 Test Plan Loaded Menu

a. Description: Confirms that test plan 1 (i.e., “TP#1) is loaded in temporary memory.
Allows the operator to perform a transformer test using test plan 1 or perform a test with the
operator inputting the test parameters (i.e., refer to step 2 of Table 5.0 or step 2 of Table
6.0). The transformer configuration is set by the test plan and for this example it is a Dynl.
The number of tests performed is set by the test plan and referred to as “TAPS” and for this
example it is one test.

b. Origin: With a test plan loaded in temporary memory, select menu option 1 from the
“Main Menu”.

c. Action Options: Press key number 1 or push down the Control Knob to use test plan.
Press key number 2 to perform a test without a test plan. Selection of number 2 may be
made by turning the Control Knob and pushing down the Control Knob after number 2 is
selected.

d. Action To Perform: Select menu option 1 for this example.
NOTE:

Selecting menu option 2 results in the display of the “Transformer Configuration Selection First
Menu’ (Figure 15.0).
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17.5 Test Plan Loaded Status Display

TAP NUMBER 1
HVTG: 12,000
XVTG: 208

“START” to RUN TEST

Figure 63.0 Test Plan Loaded Status Display

a. Description: Displays H and X voltages set by test plan test number 1 used for testing the
transformer.

b. Origin: With a test plan loaded in temporary memory, select menu option 1 from the “Test
Plan Loaded Menu”.

c. Action Options: Press “START” to perform test number 1. Press “STOP” to abort the test
and return to the “Main Menu”.

d. Action To Perform: Press “START” to perform test number 1 for this example.
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17.6 Test Plan Test Results Status Display

SINGLE PHS TEST RSLT:
RATIO MmA%DIFF

A+99.985 2.6 0.06 P
B+100.08 1.8 0.16 P
C+99.994 2.4 0.07 P

XFMR TYPE: Dynl

Figure 64.0 Test Plan Test Results Status Display

a. Description: The single phase test results of the measured transformer turns-ratio,
excitation current, percentage error, and “PASS/FAIL” (i.e., P for pass, F for fail) status is
displayed for this test. The three phase test results are displayed first, then the phase
information for A (i.e., H1-H3, X1-X3 phase difference), B (i.e., H2-H1, X2-X1 phase
difference), and C (i.e., H3-H2, X3-X2 phase difference). The single phase test results are
displayed last. The single phase differences are: A (H1-H3, X1-X0), B (H2-H1, X2-X0),
and C (H3-H2, X3-X0).

b. Origin: This menu is displayed after the TRI-PHASE™ performs a test plan test.

c. Action To Perform: Press any key or push down the Control Knob to advance to the
“Print Test Results Menu”.

NOTE:

“PASS” or “FAIL” status is shown as “P”” or “F”” next to the “%DIFF” test result for A, B, and C.
The Pass and Fail results are based on the % difference. If the % difference is less than the preset
value, the “P”’(Pass) is displayed. If the % difference is greater than the preset value, the “F’(Fail)
is displayed.
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17.7 Print Test Plan Test Results

a. Description: The TRI-PHASE™ has the capability to print the test plan test results using
the built-in thermal printer.

b. Origin: The “Print Test Results Menu” (Figure 25.0) is displayed after operator presses
any key or pushes down on the Control Knob from the “Test Plan Test Result Status
Display” (Figure 64.0)

c. Action Options: Refer to the “Print Format Menu” (Figure 26.0). Press key number 1
(“YES”) or push down the Control Knob to print test results. Press key number 2 to
advance to “Keep This Reading Menu”. Select number 2 by turning the Control Knob, then
pushing down on the Control Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
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17.8 Test Plan Test Results Printout

TRANSFORMER TEST RESULTS

DAaTE : OF —==-—08 TIMNE : 15 : O : SO
COoOMMPAalNNY = vAaNnGuUuaRD
STATION: FARCToORY
CIRCUIT = i1=0
MFER = (=] =] ==
MODEL = TEST TRAaNSFORMER
S—MN = i i i i
=va RFRTE: SookvVae
OFERAaTOR - DAavE
TEST VOL TAGE = SO WV, S0 He=e
TYFPE - Dygyrm 1
Dy 1
H <1
—_= —_o
H= H= —_=
H TAEFE e - oL TAacEs 1=, OO
= TFAaFs > UOLTAGEs= =08
HEME PLLAaTE RAaTIOs= ST osas9S=

THREE FPHASE TEST RESULTS:=

M_~=RAaT IO mA FHARSE =DOIFF

7
0

L}

- BV . TS == 20 .. 0= O. 11 l;'\

= sV .71 = 1 A=0O. Ol 0. 1= [l

= =r_. 7= =I.«a =Fo.o1 o.aos &

INDICATION

PH= M_~R&aT IO m&A FHAaSE =D IFF

=1 ==, SasS = s (== P = e 0O . O |

= +~100. 0= 1.= o. 1= o. 1= ~

= e, S =.a o. 1= o.o" &

]

DATE : O7F —=4-O8 TIME: 1S : 049 : SO

Figure 65.0 Test Plan Test Results Printout Column Format

NOTE:
“PASS” or “FAIL” status is shown as “P”” or ““F”” next to the “%DIFF”* printout.
The Pass/Fail parameter for this test is %DIFF of 0.5%.
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17.9 Unload a Test Plan Procedure

TRI-PHASE OPERATING™ INSTRUCTIONS

The following procedure allows the operator to clear a test plan from the FLASH EEPROM non-
volatile memory.

TIME: 20:15:00
DATE: 07/16/08

Table 14.0 Unload A Test Plan Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Test Plan” from the |1.RUN TEST | Press key number 3
“Main Menu” 2 SETUP Selection of 3 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 3 is selected
2 Select “Unload Test Plan” from |1.LOAD TEST PLAN | Press key number 2
the “Test Plan Menu” 2 UNLOAD TEST PLAN Selection of 2 may be
3.PLAN DIRECTORY made by turning the
4.PRINT TEST PLAN Control Knob. Push
5.ERASE TEST PLAN down Control Knob
6.SAVE TEST PLAN after 2 is selected
3 “Test Plan Unloaded” status TEST PLAN UNLOADED! Press any key or push
display down Control Knob
4 Return to “Main Menu” [1.RUN TEST | Return to “Main
2.SETUP Menu”
3.TEST PLAN
4.DIAGNOSTIC

NOTE:

After initial power-on of the TRI-PHASE™ or at any time that this
procedure is performed, the same result occurs.

99




TRI-PHASE OPERATING™ INSTRUCTIONS

17.10 Print Test Plan Directory Procedure

The following procedure allows the operator to print the test plan directory stored in FLASH
EEPROM non-volatile memory.

TIME: 20:15:00
DATE: 07/16/08

Table 15.0 Print Test Plan Directory Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Test Plan” from the |1.RUN TEST Press key number 3
“Main Menu” 2 SETUP Selection of 3 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 3 is selected
2 Select “Plan Directory” from the |1.LOAD TEST PLAN Press key number 3
“Test Plan Menu” 2 UNLOAD TEST PLAN Selection of 3 may be
3.PLAN DIRECTORY made by turning the
4.PRINT TEST PLAN Control Knob. Push
5.ERASE TEST PLAN down Control Knob
6.SAVE TEST PLAN after 3 is selected
4 Return to “Main Menu” [1.RUN TEST Return to “Main
2.SETUP Menu”
3.TEST PLAN
4. DIAGNOSTIC

NOTE:

The test plan directory is immediately printed after selecting menu option 3.

100




TRI-PHASE OPERATING™ INSTRUCTIONS

17.11 Test Plan Directory Print Out
Typical Test Plan Directory is shown in Figure 66.

TEST FPL_~/Aald DO =

TE=T FL_&~A HUUOmMmBEER= 10 2
1 —FTVF’EU Dumn 1

HUMBER OF TESTS: 1¢— 3

COmMFAaHY = UaHGuUuUAaFED

MEFR= Aaac

MODEL = TEST TRANSFORMER

A= RTGoGs SOoOOuasS

COMFMMMERHNT==

Figure 66.0  Test Plan Directory Print Out

The Test Plan Direct Printout is explained below.

1. Transformer configuration
2.  Test plan number
3. Number of tests to perform
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17.12 Print Test Plan Procedure

Table 16.0 shows the procedure to perform for printing a transformer test plan stored in FLASH
EEPROM. Transformer test plans contain the transformer nameplate voltages for each test (i.e.,
TAP). The calculated ratios (derived from the transformer name plate voltage) are then compared
with the measured ratios and the percentage error is calculated (i.e., %DIFF). A test report using the
test plan will indicate “PASS” or “FAIL” based on the test plan pass/fail parameters.

TRI-PHASE OPERATING™ INSTRUCTIONS

Table 16.0 Print Test Plan Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Test Plan” from the |1.RUN TEST Press key number 3
“Main Menu” 2 SETUP Selection of 3 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 3 is selected
2 Select “Print Test Plan” from the |1.LOAD TEST PLAN Press key number 4
“Test Plan Menu” 2 UNLOAD TEST PLAN Selection of 4 may be
3.PLAN DIRECTORY made by turning the
4.PRINT TEST PLAN Control Knob. Push
5.ERASE TEST PLAN down Control Knob
6.SAVE TEST PLAN after 4 is selected
3 “Print Test Plan Number” status | PRINT TEST PLAN Use keys 0 through 9
display NUMBER: to enter test plan
number
4 Confirm test plan number PRINT TEST PLAN Press “ENTER” key to
NUMBER: 1 confirm
(1 was entered)
5 Return to “Main Menu” [1.RUN TEST None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08
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17.13 Print Test Plan Status Display

PRINT TEST PLAN
NUMBER:

Figure 67.0 Print Test Plan Status Display

a. Description: Allows the operator to enter the test plan to be printed. The test plan header
information will be printed.

b. Origin: From the “Test Plan Menu” (Figure 60.0) select menu option 4. Selection of 4 may
be made by turning the Control Knob. Push down the Control Knob after option 4 is
selected.

c. Action Options: Enter the test plan number and then press “ENTER” or push down the
Control Knob.

d. Action To Perform: Press key number 1 then press “ENTER” or push down the Control
Knob.

NOTES:
If test plan 1 does not exist, then use any test plan number the operator chooses to print.
The “Main Menu”” is displayed on the LCD after step d is performed.

103



TRI-PHASE OPERATING™ INSTRUCTIONS

17.14 Typical Three Phase Dyn1 Test Plan Printout
The test plan test parameters are displayed in Figure 68.0.

TEST L~ A

TwFE= Cigmy 1

TEST oL  TAacE - =% La =0 He
COmMmMFAaHY = UasHGuUuUAaRD

mMEFRs (=] =1 =

MODEL-= TE=ST TRAaHMNSFORMER
L= RTGs SO0 uU&A

COMMMENT=Ss=

1 :[Ma:w-c ODOEWUIAaTION: O . =So=
2 HUMBER OF TaPSs 1

3 TP TEAFP w1
H UOLTacE: O1=, 000 u
4 — ® L UOLTAaGE: OO0, oS U

Figure 68.0 Typical Three Phase Dyn1 Test Plan Printout

The test plan direct printout is explained below.

Maximum %Diff limit

Number of tests (i.e., TAPS)

Test number 1 heading

Test number 1 parameters: H and X voltages

pPOONME
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17.15Erase A Test Plan Procedure

The following procedure allows the operator to erase a test plan stored in FLASH EEPROM non-
volatile memory.

TIME: 20:15:00
DATE: 07/16/08

Table 17.0 Erase A Test Plan Procedure
STEP DESCRIPTION DISPLAY ACTION

1 Select “Test Plan” from the |1.RUN TEST | Press key number 3

“Main Menu” 2 SETUP Selection of 3 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 3 is selected

2 Select “Erase Test Plan” from | [1.LOAD TEST PLAN | Press key number 5

the “Setup Menu” 2 UNLOAD TEST PLAN Selection of 5 may be
3.PLAN DIRECTORY made by turning the
4.PRINT TEST PLAN Control Knob. Push
5.ERASE TEST PLAN down Control Knob
6.SAVE TEST PLAN after 5 is selected

3 “Erase Test Plan Menu” ERASE TEST PLAN Press key number 1

[L.ERASE SINGLE TEST PLAN | or push down Control
2.ERASE ALL TEST PLANS Knob

4 “Erase Test Plan Number” ERASE TEST PLAN Use keys 0-9 to enter
status window NUMBER: test plan number

(1 was entered)
5 Confirm test plan number ERASE TEST PLAN Press “ENTER” key
NUMBER: 1 or push down Control
Knob to confirm

6 Test plan erased from FLASH | ERASING TEST PLAN Wait for next display
EEPROM PLEASE WAIT...

7 Test plan number 5 erased TEST PLAN NUMBER 1 Press any key or push
from FLASH EEPROM ERASED! down Control Knob
confirmation

8 Return to “Main Menu” [L.RUN TEST | None

2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
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17.16 Erase Test Plan Menu

ERASE TEST PLAN
1.ERASE SINGLE PLAN
2.ERASE ALL PLANS

Figure 69.0 Erase Test Plan Menu

a. Description: Allows the operator to erase a single test plan, or erase all test plans from
FLASH EEPROM.

b. Origin: From the “Test Plan Menu” (Figure 60.0) select menu option 5.

c. Action Options: Press key number 1 or push down on the Control Knob to select the
“Erase Single Plan” option. Press key number 2 to select “Erase All Plans” option. The
“Erase All Plans” option may be selected by turning the Control Knob and pushing down
the Control Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
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17.17 Erase Test Plan Status Display

ERASE TEST PLAN
NUMBER:

Figure 70.0 Erase Test Plan Status Display

a. Description: Allows the operator to enter the test plan number to be erased.

b. Origin: From the “Erase Test Plan Menu” (Figure 69.0) select menu option 1.

c. Action Options: Enter the test plan number to erase by pressing on keys number 0 through
9 and pressing “ENTER” or pushing down the Control Knob to confirm. When an incorrect
number is pressed, pressing “CLEAR” before pressing “ENTER” clears the number
displayed and allows for another number to be keyed.

d. Action To Perform: Press key number 1 for this example then press “ENTER”.

e. Results of Action Performed: After pressing “ENTER” to confirm the test plan number to
be erased the following message is displayed.

ERASING TEST PLAN
PLEASE WAIT...

NOTES:
The following message will be displayed when a test plan is not found in FLASH EEPROM memory.
“TEST PLAN NUMBER ##
NOT FOUND!
where ## is the test plan number that was entered
Press any key or push down Control Knob to return the “Main Menu”

If test plan 1 does not exist, then use any test plan number the operator chooses to erase.
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17.18 Test Plan Number Erased Confirmation Status Display

TEST PLAN NUMBER 5
ERASED!

Figure 71.0 Test Plan Number Erased Status Display
a. Description: Confirmation of test plan number erased from FLASH EEPROM memory.

b. Origin: After confirming the test plan to be erased.

c. Action To Perform: Press any key or push down the Control Knaob to return to the “Main
Menu”.
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18.0 Entering Test Record Identification Information Procedure

The following procedure allows the operator to enter transformer identification information for the
test record ID. This information is printed on each test record printout.

Table 18.0 Entering Test Record Identification Information Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from “Main [1.RUN TEST | Press key number 2
Menu” 2 SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Record ID” |1.RECORD ID | Press key number 1 or
2 TEST VOLTAGE push down Control
3.TEST FREQUENCY Knob
4.PRINT RECORD
5.SAVE/RESTORE RECORD
6.SET TIME
3 Enter Company name COMPANY: Use the alpha-numeric
keys to enter
VANGUARD INSTRUMENTS Company name*
Press “ENTER” key to
T TO POSITION confirm
“ENTER” TO ACCEPT (Vanguard
Instruments entered)
4 Enter Substation name STATION: Use the alpha-numeric
keys to enter
FACTORY Substation name*
Press “ENTER” key to
T TO POSITION confirm
“ENTER” TO ACCEPT (Factory entered)
5 Enter Circuit name CIRCUIT: Use the alpha-numeric
keys to enter Circuit
120V name*
Press “ENTER” key to
T TO POSITION confirm
“ENTER” TO ACCEPT (120V entered)
6 Enter Manufacturer name MANUFACTURER: Use the alpha-numeric
keys to enter
ABC transformer
manufacturer name*
T TO POSITION Press “ENTER” key to
“ENTER” TO ACCEPT confirm
(ABC entered)

*see note at end of table
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Table 18.0 Enter Transformer Identification for Test Record Procedure (continued)
STEP DESCRIPTION DISPLAY ACTION
7 Enter Transformer Model MODEL.: Use the alpha-numeric
keys to enter
TEST TRANSFORMER Transformer model*

TH TO POSITION
“ENTER” TO ACCEPT

Press “ENTER” key to
confirm
(Single Phase entered)

8 Enter Transformer Serial SERIAL NUMBER: Use the alpha-numeric
Number keys to enter
7777771 Transformer serial
number*
T TO POSITION Press “ENTER” key to
“ENTER” TO ACCEPT confirm
(1234567890 entered)
9 Enter Transformer KVA rating KVA RATING: Use the alpha-numeric
keys to enter
500KVA Transformer KVA
rating*
T TO POSITION Press “ENTER” key to
“ENTER” TO ACCEPT confirm
(500 entered)
10 Enter Operator name OPERATOR: Use the alpha-numeric
keys to enter the
DAVE Operator name
performing test*
T TO POSITION Press “ENTER” key to
“ENTER” TO ACCEPT confirm
(Hai Nguyen entered)
11 Return to “Main Menu” |1.RUN TEST None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08
*see note

NOTE:

Press the A (moves cursor to right) and/or ¥ (moves cursor to left) keys to position the cursor in
the proper location in the line.
Successively pressing a key on the keypad will cycle through the characters

on the key’s legend and display it at the cursor location.
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19.0 Test Voltage Selection Procedure

Table 19.0 shows the procedure to perform in order to select a transformer test voltage. Refer to
section 19.1 for a description of the available transformer test voltages.

Table 19.0 Transformer Test Voltage Selection Procedure

STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from “Main [1.RUN TEST | Press key number 2
Menu” 2 SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knoh. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Test Voltage” from the |1.RECORD ID | Press key number 2
“Setup Menu” 2 TEST VOLTAGE Selection of 2 may be
3.TEST FREQUENCY made by turning the
4.PRINT RECORD Control Knob. Push
5.SAVE/RESTORE RECORD down Control Knob
6.SET TIME after 2 is selected
3 Select “8 Volts” [1. 8 Volts | Press key number 1 or
2. 40 Volts push down Control
3. 100 Volts Knob
(8 volts is selected)
4 Confirm test voltage 8 VOLTS SET Press any key or push
down Control Knob
5 Return to “Main Menu” [1.RUN TEST | None
2.SETUP
3.TEST PLAN
4 DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08
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19.1 Test Voltage Selection

The TRI-PHASE™ has the capability to output three different test voltages of 8Vac, 40Vac, or
100Vac. The test voltages are generated by an internal oscillator.

The 8Vac test voltage is for testing transformers which require low test voltages, such as
metering Current Transformers (CT). Higher test voltages may drive the CT's into saturation
giving invalid results.

The 40Vac test voltage is recommended for testing power transformers. When the
TRI-PHASE™ is powered-on, the transformer test voltage is set to 40Vac.

The 100Vac is recommended for testing power transformers in noisy environments.

The test voltages are selected either when using the “Computer Interface Mode” or from the
keypad.

1.8V
2. 40V
3. 100V

Figure 72.0 Test Voltage Selection Menu

Description: The operator selects the desired test voltage (8Vac, 40Vac, and 100Vac).
The default voltage of 40V is set at power-on.

Origin: From “Setup Menu” select menu option 2. Selection of 2 may be made by turning
the Control Knob. Push down the Control Knob after 2 is selected.

Action Options: Press key number 1 or push down the Control Knob to select 8Vac. Press
key number 2 to select 40V. Selection of number 2 may be made by turning the Control
Knob. Push down the Control Knob after number 2 is selected. Press key number 3 to select
100V. Selection of number 3 may be made by turning the Control Knob. Push down the
Control Knob after number 3 is selected.

Action To Perform: Select menu option 1 for this example.

NOTE:

After a test voltage is selected the TRI-PHASE™ will continue to use the test voltage until another

test voltage is selected or the unit is powered-down.
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20.0 Test Frequency Selection Procedure

Table 20.0 shows the procedure to perform in order to select a transformer test frequency. Refer to
section 20.1 for a description of the available transformer test frequencies.

Table 20.0 Transformer Test Frequency Selection Procedure

STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup” from “Main |1.RUN TEST | Press key number 2
Menu” 2 SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Test Voltage” from the [L.RECORD ID | Press key number 3
“Setup Menu” 2 TEST VOLTAGE Selection of 3 may be
3.TEST FREQUENCY made by turning the
3.PRINT RECORD Control Knob. Push
4.SAVE/RESTORE RECORD down Control Knob
5.SET TIME after 3 is selected
3 Select “8 Volts” [1. 60 Hz | Press key number 1 or
2.50 Hz push down Control
Knob
(60 Hz is selected)
4 Confirm test voltage 60 Hz SET Press any key or push
down Control Knob
5 Return to “Main Menu” [1L.RUN TEST | None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08

113



TRI-PHASE OPERATING™ INSTRUCTIONS

20.1 Test Frequency Selection

The TRI-PHASE™ has the capability to output two different test frequencies of 50 Hz or 60 Hz.
The test frequencies are generated by an internal oscillator. The test frequencies are selected either
when using the “Computer Interface Mode” or from the keypad.

1. 60 Hz
2.50 Hz

Figure 73.0 Test Frequency Selection Menu

a. Description: The operator selects the desired test frequency (50 Hz or 60 Hz). The default
frequency of 60 Hz is set at power-on.

b. Origin: From “Setup Menu” select menu option 3. Selection of 3 may be made by turning
the Control Knob. Push down the Control Knob after 3 is selected.

c. Action Options: Press key 1 or push down the Control Knob to select 60 Hz. Press key
number 2 to select 50 Hz. Selection of number 2 may be made by turning the Control Knaob.
Push down the Control Knob after number 2 is selected.

d. Action To Perform: Select menu option 1 for this example.
NOTE:

After a test frequency is selected, the TRI-PHASE™ will continue to use it until another test
frequency is selected or the unit is powered-down.
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21.0 Change Date And Time Procedure
The following procedure allows the operator to change the TRI-PHASE™ date and time.

Table 21.0 Change Date and Time Procedure

STEP DESCRIPTION DISPLAY ACTION
1 Select “Setup Menu” [1.RUN TEST | Press key number 2
2.SETUP Selection of 2 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 2 is selected
2 Select “Set Time Menu” [1.RECORD ID | Press key number 6
2. TEST VOLTAGE Selection of 6 may be
3.TEST FREQUENCY made by turning the
4.PRINT RECORD Control Knob. Push
5.SAVE/RESTORE RECORD down Control Knob
6.SET TIME after 6 is selected
3 “Enter Date” status display ENTER DATE Use key numbers
Enter date using the 0 through 9 for data
MM-DD-YY format MM-DD-YY entry
4 “Enter Time” status display ENTER TIME Use key numbers
Enter time using the 0 through 9 for data
HH-MM-SS format HH-MM-SS entry
5 “Main Menu” |1.RUN TEST | Return to “Main
2.SETUP Menu”
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08

NOTES:
The “Enter Time” status is displayed immediately after entering the last digit of the year from the
“Enter Date” status display.

The “Main Menu” is displayed immediately after entering the last digit of the seconds from the
“Enter Time™ status display.
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21.1 Enter Date Status Display

ENTER DATE
MM-DD-YY

Figure 74.0 Enter Date Status Display

a. Description: The date is stored in a battery powered volatile memory. The time and date
are displayed on the lower portion of the LCD when the TRI-PHASE™ is operational.

b. Origin: From the “Start Up Menu”, press key number 6. Selection of number 6 may be
made by turning the Control Knob. Push down the Control Knob after number 6 is selected.

c. Action To Perform: Enter month, day, year using key numbers 0 through 9. The date
format is MM-DD-YY.

NOTES:
The “Enter Time” status is displayed immediately after entering the last digit of the year from the
“Enter Date” status display.

“CLEAR” cannot be used to revise incorrect data entry.
If incorrect data entry is made, press the “STOP” key and start over.
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21.2 Enter Time Status Display

ENTER TIME
HH-MM-SS

Figure 75.0 Enter Time Status Display

a. Description: The time is stored in a battery powered volatile memory. The time and date
are displayed on the lower portion of the LCD when the TRI-PHASE™ is operational.

b. Origin: Immediately after entering the last digit of the date from step c of section 21.1.

c. Action To Perform: Immediately after entering the last digit of the date, enter hours,
minutes, and seconds using key numbers 0 through 9. The 24 hour time format is
HH-MM-SS.

NOTES:
The “Main Menu” is displayed immediately after entering the last digit of the seconds from the
“Enter Time™ status display.

“CLEAR” cannot be used to revise incorrect data entry.
If incorrect data entry is made, press the “STOP” key and start over.
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22.0 H And X Cable Diagnostic Test Procedure
The following procedure allows the operator to perform diagnostics on the TRI-PHASE™ H and X

cables.
Table 22.0 H And X Cable Diagnostic Test Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Diagnostic” from “Main |1.RUN TEST Press key number 4
Menu” 2 SETUP Selection of 4 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 4 is selected
2 Select “Cable Test” from the DIAGNOSTIC Press key number 1 or
“Diagnostic Menu” |1.CABLE TEST push down Control
2.VERIFICATION TEST Knob
3 Connect cables as instructed in CABLE TEST Press “ENTER” key
display CONNECT: HO0-X0, H1-X1 after connecting
H2-X2, H3-X3 cables
“ENTER” TO CONTINUE
4 Observe test results CABLE TEST Press any key to or

HO-X0, H1-X1: OK
HO-X0, H2-X2: OK
HO-X0, H3-X3: OK

push down Control
Knob return to “Main
Menu”

“Main Menu”

[1.RUN TEST

2.SETUP
3.TEST PLAN
4.DIAGNOSTIC
TIME: 20:15:00
DATE: 07/16/08

None

NOTE:

A failed diagnostic on the cable test will display “NOT OK”’.
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23.0 TRI-PHASE™ Verification Test Procedure
The following procedure allows the operator to perform a verification test on the TRI-PHASE™

electronics.
Table 23.0 TRI-PHASE™ Verification Test Procedure
STEP DESCRIPTION DISPLAY ACTION
1 Select “Diagnostic” from the |1.RUN TEST Press key number 4
“Main Menu” 2 SETUP Selection of 4 may be
3.TEST PLAN made by turning the
4.DIAGNOSTIC Control Knob. Push
TIME: 20:15:00 down Control Knob
DATE: 07/16/08 after 4 is selected
2 Select “Verification Test” from DIAGNOSTIC Press key number 2
the “Diagnostic Menu” |1.CABLE TEST Selection of 2 may be
2.VERIFICATION TEST made by turning the
Control Knob. Push
down Control Knob
after 2 is selected
3 Connect cables as instructed in VERIFICATION TEST Press “ENTER” key
display CONNECT: HO0-X0, H1-X1 after connecting
H2-X2, H3-X3 cables
“ENTER” TO CONTINUE
4 Test is performed on Delta to TEST RESULTS Press “ENTER” key to
Delta transformer configuration | RATIO mA %DIFF advance
+1.0000 0001
+1.0000 0001
+1.0000 0001
5 Test is performed on Y to Y TEST RESULTS Press “ENTER” key to
transformer configuration RATIO mA %DIFF advance
+1.0000 0001
+1.0000 0001
+1.0000 0001
6 Return to “Main Menu” TEST COMPLETE Press any key to or
push down Control
Knob
“Main Menu” |1.RUN TEST None
2.SETUP
3.TEST PLAN
4.DIAGNOSTIC

TIME: 20:15:00
DATE: 07/16/08

NOTE:

A ratio reading of 1.0000 +0.1% is expected for all the test combinations for the TRI-PHASE™.

Disregard the excitation current reading in this test.
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24.0 Load Tap Changer

A built-in Load Tap Changer (LTC) controller provides the capability to raise or lower the LTC tap
position from the TRI-PHASE™ front panel. The LTC interface cable has four connectors that are

color coded. The two green cable connectors are labeled “RAISE”, and two white cable connectors
are labeled “LOWER”.

LOWER fuse
drv contact switches 250Vac/ 1A fast blow

(]

L]

i

- 4

: -

] o L 2

i “ T.é{\z"'& e TRUONIS. 0, 1)
- 2 \\ Ettttl L€ SELAY PCH MY e
«9®)) 83 5237

n FEEERE

wis =02
oCd =20

RAISE fuse
250Vac/ 1A fast blow

Figure 76.0 Load Tap Changer Controller
The components of the LTC that the operator needs to be aware of are:

Two sets of dry contact switches

Two 1A/250Vac fuses (5 X 20mm fast-acting type, 217 000 series P/N 217001)
The RAISE switch electrically closes the raise contact

The LOWER switch electrically closes the lower contact
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25.0 USB FLASH Thumb Drive

With the USB FLASH thumb drive inserted many of the operational menus described in this
manual will contain an extra option to select the thumb drive. When this option is selected, the
submenus will allow for selection of the internal FLASH EEPROM memory or the thumb drive
FLASH memory. The following paragraphs describe each menu that has these added options and

their related status displays.

25.1 Save/Restore Record With Thumb Drive Menu

1.RESTORE RECORD
2.SAVE RECORD
3.RECORD DIRECTORY
4.ERASE RECORD
5.COPY TO THUMB DRIVE

Figure 77.0 Save/Restore Record With Thumb Drive Menu

a. Description: Allows the operator to restore a test record, save a test record, print a
directory of test records, erase a single test record or all test records, or copy test record(s)

to the thumb drive.
b. Origin: From the “Setup Menu” (Figure 38.0) select menu option 4.

c. Action Options: Press key number 1 or push down the Control Knob to select the “Restore
Record Menu”. Press key number 2 to select the “Save Record Menu”. Press key number 3
to select the “Record Directory Menu”. Press key number 4 to select the “Erase Record
Menu”. Press key number 5 to select the “Copy To Thumb Drive” record menu. Selection
of 2, 3, 4, or 5 may be made by turning the Control Knob to the desired number and
pushing down the Control Knob after it is selected.

NOTE:
When test record(s) is/are saved to or copied to the thumb drive a new folder is added to the root
directory of the thumb drive. The name of this folder is VANGUARD. The test record(s) that were
saved or copied are contained in this new folder in a sub-folder named TRI-PHS.
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25.2 Copy Record To Thumb Drive Menu

COPY REC TO THUMB DRV
[1.COPY SINGLE RECORD |
2.COPY ALL RECORDS

Figure 78.0 Copy Record To Thumb Drive Menu

a. Description: Allows the operator to copy a single record to the thumb drive or copy all
records to thumb drive.

b. Origin: From the “Save/Restore Record With Thumb Drive Menu” (Figure 77.0) select
menu option 5.

c. Action Options: Press key number 1 or push down the Control Knob to select the “Copy
Single Record” status displays. Press key number 2 to select the “Copy All Records” status
displays. Selection of number 2 may be made by turning the Control Knob to 2 and pushing
down the Control Knob after number 2 is selected.
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25.3 Copy Single Record To Thumb Drive Status Displays

ENTER RECORD NUMBER
TO COPY TO FLASH DRV

NUMBER:

REC_## SAVED TO
THUMB DRIVE

Figure 79.0 Copy Single Record To Thumb Drive Status Displays
a. Description: Allows the operator to copy a single record to thumb drive.

b. Origin: From the “Copy Record To Thumb Drive Test Menu” (Figure 78.0) select menu
option 1.

c. Action Options: Enter the record number to copy to the thumb drive using key numbers 0
through 9. Press the “CLEAR” key to enter another number. Press the “ENTER” key or
push down the Control Knob to confirm.

d. Status Displays: The top status display is for entering the record number. The bottom
status display confirms that the record has been saved to thumb drive.
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25.4 Copy All Records To Thumb Drive Status Displays

The following status displays when menu option 2 of “Copy To Thumb Drive Test Record Menu”
has been selected.

SAVING RECORD ##
TO THUMB DRIVE

PLEASE WAIT...

ALL RECORDS HAVE BEEN
TRANSFERRED TO THUMB
DRIVE

Figure 80.0 Copy All Records To Thumb Drive Status Displays

a. Description: Status displays while each record is saved to thumb drive. The record
numbers appear in sequential order.

b. Origin: After confirming to copy all records to thumb drive from the “Copy Record To
Thumb Drive Menu” (Figure 78.0).

c. Action Options: Press any key or push down the Control Knob.
d. Status Displays: The top status displays, in sequential order, each record number that is

saved. The bottom status display confirms that all records have been transferred (i.e., saved)
to thumb drive.
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25.5 Test Plan With Thumb Drive Menu

1.LOAD TEST PLAN
2.UNLOAD TEST PLAN
3.PLAN DIRECTORY
4.PRINT TEST PLAN
5.ERASE TEST PLAN
6.SAVE TEST PLAN
7.COPY TO THUMB DRIVE

Figure 81.0 Test Plan With Thumb Drive Menu

a. Description: Allows the operator to select various test plan operations.

b. Origin: From the “Main Menu” (Figure 14.0) press key number 3. Selection of number 3

may be made by turning the Control Knob. Push down the Control Knob after number 3 is
selected.

. Action Options: Press key number 1 or push down on the Control Knob to select the
“Load Test Plan” status display. Press key number 2 to select the “Unload Test Plan” status
display. Press key number 3 to print the test plan directory. The printing of the test plan
directory commences immediately after this selection is made. Press key number 4 to select
the “Print Test Plan Menu”. Press key number 5 to select the “Erase Test Plan Menu”. Press
key number 6 to select the “Save Test Plan” status display. Press key number 7 to select
“Copy To Thumb Drive” status display. Selection of 2, 3, 4, 5, 6 or 7 may be made by
turning the Control Knob to the desired number and pushing down the Control Knob after it
is selected.

NOTE:

When test plan(s) is/are saved to or copied to the thumb drive a new folder is added to the root
directory of the thumb drive. The name of this folder is VANGUARD. The test plan(s) that were

saved or copied are contained in this new folder in a sub-folder named TRI-PHS.
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25.6 Copy Test Plan To Thumb Drive Status Display

ENTER TP NUMBER
TO COPY TO FLASH DRV

TP NUMBER:

Figure 82.0 Copy Test Plan To Thumb Drive Status Display

a. Description: Allows the operator to copy a test plan from internal memory to the thumb
drive.

b. Origin: This menu is displayed after the operator selects menu option 7 (“Copy To Thumb
Drive”) from the “Test Plan With Thumb Drive Menu” (Figure 81.0).

c. Action Options: Enter the test plan to copy from the thumb drive using key numbers 0
through 9. Press the “CLEAR” key to enter another number. Press the “ENTER” key or
push down the Control Knob to confirm.
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25.7 Test Plan Saved To Thumb Drive Confirmation Status Displays

COPYING TEST PLAN
TO THUMB DIRVE.

PLEASE WAIT...

TP## SAVED TO THUMB
DRIVE AS PLAN_###

Figure 83.0 Test Plan Saved To Thumb Drive Confirmation Status Displays
a. Description: Confirmation of a test plan copied to thumb drive from internal memory.

b. Origin: This menu is displayed after the operator selects the test plan number from the
“Copy Test Plan To Thumb Drive” (Figure 82.0) status display.

c. Action Options: Press any key or push down the Control Knob.
d. Status Displays: The top status displays first while the test plan is copied from internal

memory to the thumb drive. The bottom confirmation status displays the test plan number
with the corresponding thumb drive test plan number.
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25.8 Load Test Plan With Thumb Drive Menu

[1.INTERNAL STORAGE |
2. THUMB DRIVE

Figure 84.0 Load Test Plan Number With Thumb Drive Menu

a. Description: Allows the operator to load a test plan from either the internal memory or
from the thumb drive.

b. Origin: This menu is displayed after the operator selects menu option 1 (“Load Test Plan”)
from the “Test Plan With Thumb Drive Menu” (Figure 81.0).

c. Action Options: To load a test plan from internal memory press key number 1 or push
down the Control Knob. To load a test plan from the thumb drive press key number 2.
Selection of number 2 may be made by turning the Control Knob to 2 and pushing down
the Control Knob after number 2 is selected.
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25.9 Load Thumb Drive Test Plan Status Displays

LOAD THUMB DRIVE TP

PLAN_

LOAD THUMB DRIVE TP

PLAN_###

Figure 85.0 Load Thumb Drive Test Plan Status Displays
a. Description: Allows the operator to load a test plan from the thumb drive.

b. Origin: This menu is displayed after the operator selects number 2 (“Thumb Drive”) from
the “Load Test Plan Number With Thumb Drive Menu” (Figure 84.0).

c. Action Options: Enter the test plan to load from the thumb drive into internal memory
using key numbers 0 through 9. Press the “CLEAR” key to enter another number. Press the
“ENTER” key or push down the Control Knob to confirm.

d. Status Displays: The top status displays first. The bottom status display indicates the test
plan number entered by the operator.
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25.10 Print Test Plan Directory With Thumb Drive Menu

[L.INTERNAL DIRECTORY |
2. THUMB DRIVE DIR

Figure 86.0 Print Test Plan Directory With Thumb Drive Menu

a. Description: Allows the operator to print a test plan directory from the internal memory or
from the thumb drive.

b. Origin: This menu is displayed after the operator selects menu option 3 (“Plan Directory”)
from the “Test Plan With Thumb Drive Menu” (Figure 81.0).

c. Action Options: Press key number 1 or push down the Control Knob to select Internal
(test plan) Directory. To select the thumb drive test plan directory, press key number 2.
Selection of number 2 may be made by turning the Control Knob to 2 and pushing down
the Control Knob after number 2 is selected.

NOTE:
The test plan directory is immediately printed after selecting either menu option.
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25.11 Print Test Plan With Thumb Drive Menu

[1.PRINT INTERNAL TP |
2.PRINT FLASH DRV TP

Figure 87.0 Print Test Plan With Thumb Drive Menu

a. Description: Allows the operator to print a test plan from either the internal memory or
from the thumb drive.

b. Origin: This menu is displayed after the operator selects menu 4 (“Print Test Plan”) from
the “Test Plan With Thumb Drive Menu” (Figure 81.0).

c. Action Options: Press key number 1 or push down the Control Knob to select an internal
test plan. To select a thumb drive test plan, press key number 2. Selection of number 2 may
be made by turning the Control Knob to 2 and pushing down the Control Knob after
number 2 is selected.
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25.12 Print Thumb Drive Test Plan Status Displays

PRINT THUMB DRIVE TP

PLAN_

PRINT THUMB DRIVE TP

PLAN_###

Figure 88.0 Print Thumb Drive Test Plan Status Displays
a. Description: Allows the operator to enter a thumb drive test plan number to be printed.

b. Origin: This menu is displayed after the operator selects menu option 1 (“Print Internal
Tp”) from the “Print Test Plan With Thumb Drive Menu” (Figure 87.0).

c. Action Options: Enter the test plan to print from the thumb drive using key numbers 0
through 9. Press the “CLEAR” key to enter another number. Press the “ENTER” key or
push down the Control Knob to confirm.

d. Status Displays: The top status displays first. The bottom status display indicates the test
plan number entered by the operator.
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25.13 Erase Test Plan With Thumb Drive Menu

[L.ERASE INTERNAL PLAN |
2.ERASE THUMB DRV PLAN

Figure 89.0 Erase Test Plan With Thumb Drive Menu

a. Description: Allows the operator to erase a test plan from the internal memory or from the
thumb drive.

b. Origin: This menu is displayed after the operator selects menu option 5 (“Erase Test
Plan”) from the “Test Plan With Thumb Drive Menu” (Figure 81.0).

c. Action Options: Press key number 1 or push down the Control Knob to erase an internal
test plan. To erase a thumb drive test plan, press key number 2. Selection of number 2 may
be made by turning the Control Knob to 2 and pushing down the Control Knob after
number 2 is selected.
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25.14 Erase Thumb Drive Test Plan Status Displays

ERASE THUMB DRIVE TP

PLAN_

ERASE THUMB DRIVE TP

PLAN_####

Figure 90.0 Erase Thumb Drive Test Plan Status Displays
a. Description: Allows the operator to enter a thumb drive test plan number to be erased.

b. Origin: This menu is displayed after the operator selects 1 (“Erase Internal Tp”) from the
“Erase Test Plan With Thumb Drive Menu” (Figure 89.0).

c. Action Options: Enter the test plan to erase from the thumb drive using key numbers 0
through 9. Press the “CLEAR” key to enter another number. Press the “ENTER” key or
push down the Control Knob to confirm.

d. Status Displays: The top status displays first. The bottom status display indicates the test
plan number entered by the operator.
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25.15 Save Test Plan With Thumb Drive Menu

[1.SAVE INTERNALLY |
2.SAVE TO THUMB DRIVE

Figure 91.0 Save Test Plan With Thumb Drive Menu

a. Description: Allows the operator to save a test plan to internal memory or to the thumb
drive.

b. Origin: This menu is displayed after the operator selects menu option 6 (“Save Test Plan”)
from the “Test Plan With Thumb Drive Menu” (Figure 81.0).

c. Action Options: Press key number 1 or push down the Control Knob to save an internal
test plan. To save a test plan from internal memory to the thumb drive, press key number 2.
Selection of number 2 may be made by turning the Control Knob to 2 and pushing down
the Control Knob after number 2 is selected.

NOTE:
A test plan must be loaded in internal FLASH EEPROM memory.
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26.0 Computer Interface Description
26.1 Computer Interface Status Display

*** IDANGER! ***
REMOTELY CONTROLLED.

HIGH VOLTAGE MAY
BE PRESENT.

Figure 92.0 Computer Interface Status Display

a. Description: Testing may be remotely controlled via an IBM-compatible PC through
either an RS-232C port or through the USB port using the TTRA software application.
Using this software application, the user has the ability to

® Transfer test records stored in the FLASH EEPROM to the PC

® Transfer transformer test plans generated with the software application into the
FLASH EEPROM memory

® Run tests under control of the PC

b. Origin: Connection of either the RS-232C or the USB cables between the TRI-PHASE™
and the PC. Initiating the TTRA software application on the PC.

c. Action Option: Initiate the TTRA software application on the PC.

NOTE:
From the TTRA software application, the user can select the USB or RS-232 port.
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26.2 Emergency Turn Off Switch

The emergency turn off button switch (Figure 1.0 and Table 4.0 index 2) provides for those situations
where immediate removal of power output from the TRI-PHASE™ to the transformer under test is
necessary for safety of the test personal. To immediately turn off output power from the TRI-
PHASE™ to the transformer under test push down on the button switch. When the emergency turn
off button switch is pushed down it remains locked in this position and the following message is
displayed on the LCD.

RESET EMERGENCY
SWITCH TO CONTINUE!

Figure 93.0 Computer Interface Status Display

To reset the emergency turn off button switch, twist button in the direction indicated by the arrows.
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27.0 TRI-PHASE™ Firmware Programming Notes

The TRI-PHASE™ firmware may be updated anytime by the users in the field. The current
firmware revision is posted under “Downloads” on the Vanguard Instruments web site
(www.vanguard-instruments.com).

To request a copy of the TRI-PHASE™ firmware, select the “Downloads” option on the web site.
The user is then required to fill out the request form. The user needs to select the check mark on the
corresponding TRI-PHASE™ firmware request on the form. The firmware request is then
processed by Vanguard personnel after it is received from the user. The firmware download zip file
is then sent to the user via the users email account. The zip file contains two files, the
“TRIPHASE.hex” file and the “Firmware Programming Notes for TRIPHASE.doc” file. The HEX
file is the firmware update and the Microsoft Word file contains the instructions which are shown
below. It is important to place the HEX file in the root directory; otherwise the TRI-PHASE™ will
not be able to locate the file.

Follow the following procedure to update the firmware for the TRI-PHASE™.

1.  Copy the TRIPHASE.HEX file to the root directory of a USB thumb drive.

2. Power down (i.e., turn off) the TRI-PHASE™.

3. Insert the USB thumb drive into the TRI-PHASE™ USB thumb drive port on the front
panel.

4.  Press and hold down the “STOP” key while powering-up the TRI-PHASE™ until the

“Start Handshake or Insert Thumb Drive” message appears on the LCD. Release the

“STOP” key, and insert the Thumb Drive.

The TRI-PHASE will display erase messages as it removes old firmware components.

6. The TRI-PHASE™ will now automatically update its firmware and display a message
on the LCD that it is performing the firmware update.

7. The TRI_PHASE will now reboot itself.

8.  Verify the new firmware revision on the TRI-PHASE™ as it is displayed on the LCD.

o

The following figures depict the LCD displays during power-up of the TRI-PHASE™. The
firmware version is displayed on the TRI-PHASE™ LCD during power-up.

@ Vanguard

Instruments
TRI-g™
True Three Phase TTR

BootLdr Rev 1.00

Figure 94.0 Firmware Revision Menu 1
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27.0 TRI-PHASE™ Firmware Programming Notes (continued)

@ Vanguard

Instruments
TRI-@™
True Three Phase TTR

MAIN CODE REV 1.008

Figure 95.0 Firmware Revision Menu 2

@ Vanguard

Instruments
TRI-g™
True Three Phase TTR

Oscillator Code Rev. 1.00

Figure 96.0 Firmware Revision Menu 3

@ Vanguard

Instruments
TRI-@™
True Three Phase TTR

VDRV REV 03.62/1.00

Figure 97.0 Firmware Revision Menu 3
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27.0 TRI-PHASE™ Firmware Programming Notes (continued)

@ Vanguard

Instruments
TRI-@™
True Three Phase TTR

S/N 20002

Figure 98.0 Firmware Revision Menu 4

@ Vanguard

Instruments
TRI-g™
True Three Phase TTR

OPERATION: 513

Figure 99.0 Firmware Revision Menu 5

@ Vanguard

Instruments
TRI-g™
True Three Phase TTR

Calibrating...

Figure 100.0 Firmware Revision Menu 6
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APPENDIX A

TRANSFORMER VECTOR GROUP CODES

Utility power transformers manufactured in accordance with IEC specifications have a Rating Plate
attached in a visible location which contains a list of the transformer's configuration and operating
specifications. One such rating is the winding configuration and phase-displacement code. This code follows
a convention that comprises letter and number sets that denote three-phase winding configurations (i.e.,
Wye, delta, or zig-zag). Letter symbols for the different windings are noted in descending order of their
rated voltages. That is, symbols denoting higher voltage ratings will be upper-case (i.e., capital) letters and
symbols denoting lower or intermediate voltage ratings will be lower-case letters. If the neutral point of
either a wye or zig-zag winding is brought out, the indication shall be an N (high voltage) or n (lower
voltage). The end numeral is a 30° multiplier that indicates phase lag between windings.

Accordingly, the following standard practice applies:
Woye (or star) =Y (high voltage) or y (low voltage)
Delta = D (high voltage) or d (low voltage)
Zig-zag = Z (high voltage) or z (low voltage)

An example: Dynl1 which decodes as follows:

D indicates that the high-voltage windings are connected in a Delta configuration

(Since delta windings do not have a neutral point, the N never appears after a D).

y indicates that the lower voltage winding is in a wye (or star) configuration.

n indicates that the lower voltage windings have the neutral point brought out.

11 indicates a phase-displacement lag of 330 degrees between the Wye and the Delta winding.

H1 H2 H3
He

H1 H3

X1 X2 X3

X2
.
@Xs
n X1

VECTOR DIAG.050103VE
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APPENDIX B
ANSI Transformers Description

Al X, Hi-Hz | X1—-Xo
f E "ao_% Dyn1 Ho—Hy | X2-Xo f,—:va :—:-\6
Hy Hy %2 Hz-H2 | X3-Xo
H, X4 H1-H3 Xp - X2
:‘ E }’{0’(1 Dyn3 Ho-H1 | Xo-X3 \\:—:W’E :,—:'Vé
Hy Hp | X2 H3—H2 | Xo-Xi

H1—H3 Xs—xo

Dyn5 Ho-Hi | X4=Xg [—+va|—-v3

TRANSFORMER
CONFIGURATION 7 Ll LS
VECTOR MEAS | TURNS | \reo
GRouP| A HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | yo i TAGE | VOLTAGE
WINDING (H) WINDING (X) E | JUMPER WINDING | WINDING
. W W
single H H
H,O—OH XO—OX Hy—H Xy =X Vi Vy
1 2 1 2 phase 1 2 1 2
Hy X, A | Ha—H2 | Hi-H3 | X;-X3 NO
Vy Vi ACCESSIBLE
f E *s Dy1 | B | Hi-Ha| Ha-Hi | Xp—X%4 Ve V8| v, V3| NEuTRAL ON
Hy H, X, C Ho—Hy | H3—-H2 [ Xg—-Xo LOW WINDING
Hy X3 A | H3—-H2 [ Hi-H3 | X1-X2 NO
Vi VH ACCESSIBLE
X = —_— —_—
A 1| Dy3 | B | Hi-Ha | Ha—H1 [ Xo-X3 |g=+V3|J=*V3| \E(TRAL ON
M Hy | X2 C | Ho-Hy | Ha=H2 | X5-x1 LOW WINDING
i Xy A | H3-H2 | Hi-H3 | X3-X2 NO
Vi Vi ACCESSIBLE
f E X Dy5 | B | Hi-Ha | Ha-H1 | X1-X3 |7=+V5| 5+ V3| NeuTRAL ON
H3 H, Xy C H2 —H1 H3 — H2 X2 _ X1 LOW WINDING
H X, A | H3-H2 | Hi-H3 X3 = X4 e
- VH VH ACCESSIBLE
A X; | Dy7 | B | Hi-Ha [ Ho—H1 | X1-Xo | Jreva| mevs| Geirmn on
Hy Hy | ox C | Ha-Hy | Ha—H2 | Xo-X3 LOW WINDING
Hy X, A | H3-H2 | Hi-Hz [ Xo-Xq NO
Vi Vi ACCESSIBLE
A) Xy Dy9 | B | Hi-Ha | Ho—H1 [ X3=Xo | =+ Va[ 5=+ V5| NeurRaL on
Hy Hy Xy cha-hr | Ha—ta | X1-%a LOW WINDING
Hy X, A | H3—-H2 | Hi-Hg | X2~ X3 NO
Vi Vi ACCESSIBLE
A) X3 Dy11 B Hq _H3 H2—H1 XS_X1 V_x'\'% V_K'V:-! NMEUTRAL ON
LOW WINDING
Ha Hy | X C | Ho-Hy [ Hg-Hp [ X4—X3
A
B
C
A
B
C
A
B
C

I
L ’
I
b4
(3]
/Z\)
[=]
4 >
< o

NOTES: 651VANGUARDO080308V1
1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER

CONFIGURATION WINDING TESTED

/ECTOR

MEAS | TURNS

HIGH Low RATIO | RATIO NOTES
INTERNAL | yoLTaGE | VOLTAGE
JUMPER | \wiNDING | WINDING

GROUP
HIGH-VOLTAGE | LOW-VOLTAGE

WINDING (H) | WINDING (X)

mwekrIv

1 X, i H1-H3 Xo— X4 I I
f E —ox, | Dyn7 Ha—Hq | Xg—Xp V—’:w'a \,—:va
Hy H | % Hg—-H2 [ Xo—X3
H‘I XQ H‘| e H3 X2—X0
v v
i‘ E xlo—é Dyn9 Ho-Hy | X3-Xg V_:\@ V—:Vg
Hy H, % H3 —H2 X1 - XO
H H{-Hs Xo— X3
Vy Vi

Dyn11 Ho'= Hj | X0 -3 il === V3] —~siV5

H3z —Ho Xo— X2

I
I
> >
L]
=

H‘:/D

>

n

>

H3—-H2 | H{—H3 X1 =X

—

: NO
vu V3| vy | ACCESSIBLE
Q/i\j ) Yd1 Hi-Hg | Ho—H1 | Xa-Xa |{te | L on
X *V3
Hs H, X, Ho—Hy | Ha—Ha | X3-—Xq HIGH WINDING
My X H3—-Ho | Hi1-H3 X3 =Xo il

=

V
Hy{-H3 | Ho—Hy [ X{—X3 b Y £ ACCESSIBLE

Yd3 Vo~ 2| Vy V3 | NEUTRALON

I
m:
I
ol w

Bt Ho—Hy | Ha—Ho | Xo—Xq HIGHWINDING
. H3-Hz2 | Hi-Hg | X3-Xq il
vds [ [ Hi-te | ra-r | %1% |33 S50 | ReCtaaron
> : YT ETTEeE e HIGH WINDING
Hy X H3—-H2 | Hy-Hg Xo = X4 o
C/L' %3 | Yd7 Hi-H3 | Ho—Hq | X3— X2 :_:v_g V:T\% :gﬁﬁ:ﬁﬁ
H3 H, X, Ho — H1 Hs — Ho X1 _XS HIGH WINDING
A X H3-H2 | H{-Hz | X2-X3 o
PR e e B
Hy Hy X Ho—Hi | H3—Ho | X1 -Xo HIGH WINDING
o X, H3—Hz2 [ Hi-H3 [ X1-X3 T
e I>> var1 [ B [Trs | Fo | doxr || o | pecessee
Hy H X HIGH WINDING

na

Ho—-Hy | Ha—H2 | X3-Xo

Vi Vi

H3-Hp | X3—X4

Vx oV3 | Vi «V3

L
L3+

oF T
T
o I
33 <
> = = o5
O W >»|0OW0 2|00 2|00 >|00> 00> |0W0>2>20w@>20w>EI0®O>

NOTES: 651VANGUARDOB0308V2
1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION | . Whlalh e S e Lrome
GEF?JSI? A HIGH Low aﬂATIO RATIO NOTES
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | vortace | voLTaGe
WINDING (H) | WINDING (X) E | JUMPER | \wiNDING | WINDING
Hy X4 A Hi-Ho | X3-% | | y
H H
A %1 [YNd3 | B Hy-Hg | Xy-X3 | & | .
Ha 2 | X C Hz—Hgy | Xo-X;
H, X, A H1-Hg | X3—Xq
VH Yh
Hy Xy YNd5| B Ho—-Ho [ X4=Xp Ve v | v
X - X
Hy Hy X C H3 —Ho Xo— X3
H, X5 A Hi-Ho | X2-X1 Vi v
H
o/&; *s [YNd7| B Ho-Ho | Xg-X2 | w3 | —
X
Hy Hy X C Hz-Hp | X1-X3
al X, A Hi-Ho | Xo-X3
VH Y
A X, YNd9| B H2-Ho | X3-X4 s | Y,
Hy Hy X3 C H3-Hp | Xq1-X2
oy X4 A Hi-Ho | X1-X3 y
v
H : Ho—Hg | X5-X & H
[/I%, 2 [YNd11] B 270 2T {w|
Hy Ho | %3 C Hy—Hp | X3-Xp
H, X, A H1-H3 | X1-X3
Vi Vi
Ddo | B H2-H1 | X2-X4 ¥ o
Hy Hy | %s Xy C H3-Ha | X3-X2
H, X X, A Hi—-H3z | X1-X2 . .
H H
A Dd2 | B Ho—-Hi | X2-X3 v, v
Hy Hy *2 C Hz-Ho | X3-X4
Hy X3 A Hi-H3 | X3—Xo
Xq—X ki s
Dd4 B H2 - H1 1 3 W "
x X
Hy Hy | % X, C H3—Hz2 | Xo=X;
ig X, X, A Hi-H3 | X3-X{ . .
A Dd6 | B Ho-Hy | Xq-X2 | % .
x X
Ha Hy * C Hz-Hz [ Xo-X3
Hy X A Hi-H3 | Xo—X;
_ X —X VH VH
Dd8 | B Ho-H1 | X3-X2 | v
x X
Hy Hy | %4 %3 C H3-Hz2 [ X;-X3
NOTES: 651VANGUARDO080308V3

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION P WINDING TESTED
VECTOR MEAS | TURNS NOTES
Grour| A HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | yoLTAGE | vOLTAGE
WINDING (H) WINDING (X) E JUMPER WINDING WINDING
H1 X_I x? A H-] = HS X2 = Xs VH VH
A Dd10 B H2—H1 X3—x1 Vx Vx
X
s ik : C H3-Hy | X1 -X5
H1 X‘I A H1 - H3 X1 = XS . v
H H NO
O/L? c/i\a Yo (B Ho-Hi | X=X |7y, e | Mo
Hy Hy | %3 X5 C H3 —H2 X3 - X2
Hy x§ X, A Hi-H3 | X1-X2 v, v, “
U/LD Rl b il B B B e
Hy Hy X C H3 —H2 X3 -Xq
H, X, A Hi—H3 | X3—-Xp2 y y \o
H H
A LA™ RN ITECT s
M3 Hy | %2 X4 C Hz3-Hz | X2-Xq
Hy . X, A Hi-Hs | Xs=%1 | . o
LT e ] %R | || e
Hy Hy Xy C Hz—Hy | Xo-X3
H, X, A H1-H3 | Xo-X4 O
\" \"
- _ H H ACCESSIBLE
U/L} O/L:; Y8 (B N et Yx Vi NEUTRAL
Hy Hy | %4 X3 C H3—-H2 | X1-X3
H, y A Hi-H3 | X2-X3
X4 2 vy vy NO
Yy10 | B Ho-Hy | X3-X4 ; - Ai(éﬁiilftE
Hy Hy X3 C Hz-H2 | X1-X2
H, X, A | Ho—H2 Hi-=Hp Xq=Xo NO
\" \"
U/T"\o) C/LQ YNyo| B | Ho-Hs | M2 Ho | %X || 5 | NEbranron
X x
Hy Hy | X3 X, C | Ho-H1 H3z - Ho X3 — X4 LOW WINDING
o X X, A | Ho-H2 | Hi-Ho | X3-X2 o
3 v v
H H
Y Y e o [t [ i | | | st
X x
" Xa A | Ho-Hz2 | Hi=Ho | Xg-Xq NO
YH VH ACCESSIBLE
[fiH{) C/L? Yiya B 1 o7 T8 | Per T 1% Vx Vy NEUTRAL ON
Hy H, X, X, C Ho — H1 H3 —Hp X2 = )(3 LOW WINDING
NOTES: 651VANGUARDO080308V4

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION i WINDING TESTED
JECTOR MEAS | TURNS
Group| A NOTES
HIGH LOW RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | yvoiTAGE | VOLTAGE
WINDING (H) WINDING (X) E | JUMPER | wiNDING | WINDING
Hy s % ALl tHg S Ly s H X NO
ACCESSIBLE
c/h} Y i B Ho B H3 H2 = HO Xg—Xo Vi Vi NESngL ON
A" ')
hy H, % G | e e e s 3 « | LOW WINDING
H, X A | Ho—-H2 | Hi—Hg | X2—X3 NO
ACCESSIBLE
G/EH\DD Q/L YNy8| B | Ho—H3 | Ha—Hg | X3—Xq Y i | NEUTRALON
v, v, | LOW WINDING
s 1 i *s Gl Koty |isegHo | S
21 X{ X A | Ho-H2 | Hi-Ho | X1—-X3 NO
ACCESSIBLE
O/k Y YNy10| B | Ho—H3z | H2-Hp | X2-X1 \;H :H NEUTRAL ON
X x| LOW WINDING
Hy H, X3 C | Ho—H1 | H3—Hop | X3—X2
H, X, A | Xg—X3 Hi—H3 | X1 -Xp e
O/LD Q/L} i ) Mo S i L e e
Hy Hy | X C [ X=X | Ha-Ha | X3-Xo Vx Vx| HIGH WINDING
H, g X, A | Xo—Xq Hy—Hgz [ Xo—-X> NO
O/LD Y Yyn2 B0 sl | | Dol el 'n :gﬁfgi:.aéﬁ
Hy H, s cilhor Hg - Hy D Vy Yy | HIGH WINDING
H, X, A | Xo—Xo H1-H3 | X3-Xo NO
W v
PPN =D e B e
y Hy [ % X, ol [P rRPTRYL [T HIGH WINDING
' x§ 4 A | Xo—X3 | Hi-H3 | Xo-X1 I I NO
ACCESSIBLE
G/I\D CNIQD Yyné | B Xo=Xq | Ha—H1 | Xo-X2 v: v: NEUTRAL ON
HIGH WINDING
Hy Hy X C | Xo=X2 | H3—H2 | Xo-X3
Hy Xy A | Xo—%4 Hi-H3z Xo—Xo y Y NO
A, [, [ | P o] | =
Hy Hy |x, Xg C | Xo—-%3 H3-Hz2 | Xq—Xg HIGH WINDING
H, " X, A | X0~ %2 Hi—H3 Xo—-X3 NO
\" W
Hy Hy Xg C | Xo—Xy | H3—H2 | Xp-X2 = X | HIGH WINDING
H1 X\] A H1— HO X1 = XO
\" W
= O/i){} YNynof B H2 sillolil XoisXo VH vH
X X
Hy Hy |% X C H3—Ho | X3—=Xp

NOTES: 651VANGUARDO080308V5

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION P WINDING TESTED
VECTOR| ¥ MEAS | TURNS NOTES
GROUP HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | yo) TAGE | VOLTAGE
WINDING (H) WINDING (X) E | JUMPER | winDING | WINDING
H1 ,KS X1 A H1 —HO XO—X2
W v
k Q\I’{ YNyn2| B Ho—Hg | Xg-X3 U" VH
Hy Ha ) C Hy—Hg | Xo—X4
Hy X, A Hi-Ho | X3-Xp
W A"
Hy Hy | X X4 C H3-Ho | Xo-Xg
o X X, A Hi-Ho | Xo-X1 , ,
k cjf [hymé] B Ho—Ho | Xo—X2 v: v:
Hy H, X, C H3-Hp | X0—X3
H, X A Hi-Ho | X2-Xo
W
Hy Hy 1% *3 C Hz—-Ho | X1-Xp g g
o X4 X A Hi-Ho| Xo—X3
_ \" W
c/li? Y N B Ho —Hp XO Xq \;H VH
H3 H2 xg C H3 e HO XO - X2 * *
H, X, A Hi—-H3 | X1-X3 , .
_ _ H Yy | ACCESSIBLE
Xs . | Dz0 B Ha—-H1 [ X2-X4 v %~V | NEUTRALON
Hy H 2 c Hs—Ho | X3-Xo g * | LOW WINDING
2
H‘I . X'I A HT _H3 X1 _X2 NO
3 \-—: Vi Vu | AccessiBLE
A Dz2 | B H2—H1 | X2-X3 v, |®*V, | NEuTRALON
Hs Hy "2 C H3—Hzo | X3 - X1 LOW WINDING
4 Xa A Hi-H3 | Xg-Xo ) O
— H v ACCESSIBLE
A < Dz4 | B Ho—Hy | X1-X5 v, |® o~ | NEUTRAL ON
H, Hy | xS 1 c Ha—Ha | Xa-Xq x| LOW WINDING
Hy ) X3 A H1-H3 [ X3-Xq NO
2 v v ACCESSIBLE
A Dz6 B Ha—Fh | X1-Xe vH s vH NEUTRAL ON
H, H, X, C Ha—Ha | X2-X3 X x | LOW WINDING
H1 x? A H1 - HS X2 -— X.l o
Ho—H1 | Xo-X Vi Viy | ACCESSIBLE
A X, X3 Dz8 | B IR v, |*° v, | NEUTRALON
Hy Hy C H3-H2 | X{—-X3 LOW WINDING
NOTES: 651VANGUARDOB0308V6

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION p =
VECTOR MEAS [TURNS | Norec
GRouP | A HIGH LOW RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | voLTAGE | VvOLTAGE
WINDING (H) WINDING (X) E | JUMPER | wiNDING | WINDING
H1 X2 A H1 — H3 X2 - Xs NO
g ACCESSIBLE
Dz10| B Ho—Hy | Xg=Xq | _Yu_ |,
Hy H, X C H3 = H2 )(1 - )(2 X LO DING
H, X4 A | Hi—H2 Hi-H3 | Xg—X3
Q o Dzn0| B [ Hz—Hs [ Ho—Hi [ Xo-Xq | & B[
Hy H, |%3 X C | H3-H4 Hz—H2 [ Xg—X5 Yx "
H, X, A | Hi=H2 | H1-H3 | X1-Xo
X3 v v
f E o |Dzn2|B | H2—H3 | Ha—Hy | X2-Xo | -0
Hy H, Xy C | Ha—H4 H3—Ho | X3-Xo *
Hy Xa A | Hi-H2 | Hy-H3 | Xo-X2
f E Jo Dzn4 | B | H2=H3 | Ha—Hy | Xo-X3 | 3.,
2 A" Vx
Hy Hy |%3 %y C | H3—H1 Hz—-H2 | Xo-X1 X
" Xa A | Hi-Ha | Hi-H3 | X3-Xg
X3 v v
X
Hy Hy X4 C | Ha3—Hy | Hg-Hz2 | Xo—-Xp '
A, X2 A | Hi—=H2 | Hi=H3 [ Xo-X4
v
i E Jo Dzn8 | B | H2—Ha | Ha—H1 | Xo-X2 [ 2.0, :H
A" X
H3 |-|2 X1 )(3 c HS — H1 HS — H2 XO _ XS x
H, Xo A | H1—-Hz Hi-H3 | X2—-Xo
X v v
A e Dzn10| B | H2—H3 | Ha—-H1 | X3-Xp %-V—H 3e v:
Hy Hy C | H3—-H1 | H3—H2 | X1-Xo "
H u A Hi—H3 | Xy-X3 NO
v v, | ACCESSIBLE
A Zdo | B Ho-Hy | Xo—X4 vH 5 | NEUTRAL ON
V.
H My [x, X, c Moo | Xa—%o X « | HIGH WINDING
H1 Xy X A H1—H3 X1-X2 NO
v v
H + Y| ACCESSIBLE
v Zd2 | B Ho-H1 | Xo-X3 v, | 3", | NEUTRALON
HS H, X, c Ha—Ha | Xa— X1 x | HIGH WINDING
Hy X3 A Hi-H3 | X3-X5 NO
B H2 o H‘I X, —X VH al .i" ACCESSIBLE
Zd4 173 v, |3 v | NEUTRALON
HS Hy |, X, C H3—Ha | Xo-—X, * | HIGH wINDING

NOTES: 651VANGUARDO080308V7
1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
P WINDING TESTED
CONFIGURATION vector| H MEAS | TURNS
p A NOTES
GROUP HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | yortageE | VOLTAGE
WINDING (H) WINDING (X) E | JUMPER | wnDING | WINDING
H - Xq—X
1 X2 X3 A H1 H3 3 1 v v NO
= ) H | 1,4 | ACCESSIBLE
Zde | B Ho-Hi | ®17% || 5°V, | NeutraLoN
HS H, X, C Hg—Hy | Xo—Xg HIGH WINDING
Hy X, A Hy-Hg X2—X1 NO
Yy v ACCESSIBLE
A Zds | B H2—H1 | X3-Xp v, = \T: NEUTRAL ON
H3 Hy | x, Xq C Hz—Hz | X;—Xg HIGH WINDING
H X, X, A Hi-H3z | X2-X3 | )
2 Va H 1 Y | AccessieLE
Zd10| B Ho-Hy | X3-X1 v, ?'Tx NEUTRAL ON
S Hy X, C Ha —Ho | X1-Xo HIGH WINDING
H1 Xy A | X2-X3 | Hi-Hp | X1-X2
\" WV
o i E ZNdO | B | X3-X4 Ho—-Hp | X2—-X3 %.V_H %.v_"
H3 "o Xg X, C | X1=Xo Hz—-Hp | X3-X14
Hi Xy X, A XB_X1 H, _HO XS_XQ v v
o v ZNd2| B [ X1-Xa | Ha—Hg | X4 =Xg | Z+" | 57
x X
H3 H2 )(2 C X2 - XS H3 -— H0 X2 — X1
Hy X3 A | X1-X2 | Hi—=Ho | X3-X4
Hg 2, E‘ L i"
ZNd4| B [ Xo-X3 | H2—-Ho | X4-X2 [y v,
H3 Ha | X2 X, C | X3—X1 | H3—Ho | X2-X3
Hy X X A | Xo=X3 | Hi—Ho | X2-Xq
2 3 Vil Vi
o ZNd6 | B | X3—X1 Ho—Hp | X3-Xo %'v_ o
x X
HS Hy X C | Xy-Xo | H3—Ho | X1-X3
Hy g A | X3—X% | Hi—Ho | Xp—X3 ,
v
x X
H3 H2 )(,I Xa C X2 - XS H3 = HO X1 = X2
Hi X, X, A | X1-X2 | H1-Ho | X1-X3
\" W
o ; ; ZNd10[ B | X2=X3 | Ha—Ho [ Xo-Xq | 2. [ L.
"3 " %2 C | X3—Xqy | Ha—Ho | X3-X2
Hy X A | Xg—Xo | HI=H3 [ X4-X5 “
B Yz1 | B | X4=X Ho —H Xo—Xa |0, BV Y51 \ccessiLe
’ z i i 2_3 1% 2|Ww NEUTRAL
Hy Hy X, C | Xo—Xq | Ha3—Hz2 | X3-X4

NOTES:

651VANGUARDOB0308V8

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION p LSS
VECTOR MEAS | TURNS |  norES
GROuP | A HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE s | INTERNAL | yortace | voLTace
WINDING (H) | WINDING (X) E | JUMPER | winDing | WINDING
Hy X3 A | H3-Hz | Hi-H3 | Xg-Xo
Vi V3| Vu NO
1| Yz3 | B | Hi-=H3 | Ho—H{ | X4—-X3 | 2«—=|-+v3| ACCESSIBLE
Vx 2| Vx NEUTRAL
ik Mo | % C | Ho—Hi | H3—Ho | Xo—%4
a X3 A | Ha-H2 | Hi-H3 | Xg-Xq
vy V3| v NO
[/LD X8 Yz5 | B | Hi—-H3 [ H2—Hq | X4-Xp V—H—z - * V3| AccessiBLE
X X NEUTRAL
H3 Hz Kl C H2—H1 H3—H2 x2—X3
M Xy A | H3-Hz2 | Hi-H3 | Xo-Xq
Vy V3| Vu NO
*s| Yz7 |B | H1—-H3 | Ho—H1 | X3g-X2 [g-*—5 |77 *"3| AccEssBLE
X X NEUTRAL
Hy Hy | x, C | H2—-H4 Hz-Ho | Xq1-X3
o X2 A | Ha-Hz | Hi-H3 | X2-X3 NO
X Y29 | B [H1-Hz | Ho—H1 | X3-Xq |~te2| 2. v5| ACCESSBLE
! ST 1% T2 % NEUTRAL
Hy Hy Xg C | Ho—Hqy | H3=Ho | X{-Xo
H, X, A | Haz—H2 H1-H3 X=Xz NO
W Vo | W,
X2 Hi-H Ho —H Xo—Xq |2, 2| 1H,\z| ACCESSIBLE
E/L: I g Tl R 2 1 1%°2| %] NeutraL
Hy Hy | x, C | Ho-H1 [ H3-Hp [ X3—Xo
H, X A | Hz—H2 H{i-H3 X1 —-Xo NO
Vi Va| v ACCESSIBLE
c/&u X YNz1 [ B | H1—-H3 | H2o—Hi X2-X3 u_:'_z V—:“'ﬁ NEUTRAL ON
Mg Hy X, C | Ho—Hy | H3—Ho | X3-X1 LOW WINDING
o X A | Ha-Hz2 [ Hi-Hz | X3-X2 .
vy V3| v ACCESSIBLE
5/&3 “¥Nza [B | H17H3 | Ha—H1 | X17X3 \.r_:._z _:‘Vﬁ NEUTRAL ON
Hy Hy | x, c [ Ho=H{ [ Hg=H2 | Xo-X1 LOW WINDING
o Xs A | H3-Hz [ Hi-Hz | X3—Xq NO
_ Vi V3| VW ACCESSIBLE
G/EH\DJ X, YNz5 | B | H1-Hg | Ho—Hi | Xqy=Xp [Tme— ) 5o 5 | (Eiiaat on
Hy H, X, C | Ho-Hi | H3=Ho | Xo-Xg LOW WINDING
Hy Xy A | Ha—Ho Hi-H3 | X2-Xq O
Vi V3| v ACCESSIBLE
E/EH{? X3 |YNz7 | B | H1—H3 Ho—Hy | X3—X2 V: % V3| NEUTRAL ON
Hy Hy | x, C | Ho-Hy | Ha—Ho | X1-X3 LOW WINDING
Hy X2 A Ha— Ho H1—Ha Xo - XS -
Vi V3| Vi ACCESSIBLE
A X, YNz9 | B | H1—H3 Ho—Hp [ X3 -X4 e ¥ * V3| NEUTRAL ON
Ha Hy Xy C H2 _ H1 H3 _ H2 X1 _ X2 LOW WINDING
NOTES: 651VANGUARDO80308V9

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION , . —
VECTOR MEAS | TURNS | Noreo
GrRouP | A HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S INTERNAL VOLTAGE VOLTAGE
WINDING (H) | WINDING (X) E | JUMPER [ \NDING | WINDING
A X A | H3—Ho | Hi-Hg | X4-X3 NO
X H, —H Ho—Hyq | Xo-Xq [Y2, %8| Y, - | ACCESSIBLE
O/IH\Oy 2(YN211 B 77 21 271 1% 2| V% "3 | neutrALON
Ha Ha [ % C | Ho—-Hy | Hz—Hy [ X3-X, LOW WINDING
o X A Hi-Hs | X{-Xp NO
Vy Vi ACCESSIBLE
O/L) X N Yzn1| B Ha—H1 | Xo—Xo V3|7 V3| NEUTRALON
. " HIGH WINDING
. 2 X, C Ha-Hz | X3-Xp
3 X3 A Hi-Hz | Xo-X2 No
Vi Vi ACCESSIBLE
U/LO % ©x [ Yzn3| B H2—H1 | X0-X3 [7=*V3|-* V3| NEUTRALON
e "2 | x, C Hz—Hz | Xo-X1 HIGH WINDING
H, X3 A Hi-Ha | X3-Xo NO
Viy Vi
X _ H, YH, ACCESSIBLE
O/I\j & : Yans (B H2 ~ H1 X1-Xo Vx V8 Vy NEUTRAL ON
Fa "z X, C Ha—Ho | X2 —Xo HIGH WINDING
H
1 X, A Hy—Hg | Xo—Xq o
_ _ v, v ACCESSIBLE
U/R X 0| Yzn7 | B Ha—Hi | Xo—%2 V_: *v3 V_: *V3 | NEUTRAL ON
Hy Hy X, C Hy—Ho [ Xo—X3 HIGH WINDING
H, X2 A Hi-H3z | Xo-Xpo NO
Vu Vi ACCESSIBLE
0 — —_—

U/LO X4 Yyn9 | B Ho—H1 | X3-Xo |5-*V3|v,* V3| NEUTRAL ON
H3 H2 )(3 C H3 _ H2 X1 _ XO HIGH WINDING
s X A Hi-Hz | Xo-X3 NO

Vh Vu ACCESSIBLE
Mi\; X °*2 |yzn11| B Ho-Hy | Xo-X1 v, " V3|7, * V3 | NEUTRAL ON
H3 Ha | x, C H3—Hp | Xo-X2 HIGH WINDING
Hy X A Hi-H3 | X1-Xg
\" W
O/EH{) XSK,% YNzni| B Ho — Hq Xo—Xp V—:.vg V—:.vg
HS H2 x2 C H3 -— H2 XS — XO
o Xy A Hi-H3 | Xo-X2
Vy Vi
Ho X °O*1 |YNzn3 | B H2 — H1 Xp-X3 v Va v V3
" "2 |x, C Hz-Ho | Xo-Xq
H, X3 A Hi-Hz | X3-Xg
\ W,
o/k X L0 YNzn5| B Ho—Hy | X4—Xp V—:-\@ V_':.\@
s 2 s C Hg—Ho | Xo-Xg
NOTES: 651VANGUARDO80308V10

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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TRI-PHASE OPERATING™ INSTRUCTIONS

APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
coNFiGuRATION | | WINDING TESTED .
GrouP | A HIGH Low RATIO | RATIO NOTES
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | yo) TAGE | VOLTAGE
WINDING (H) WINDING (X) E [ JUMPER | \wiNDING | WINDING
Hy Xy A H1 - H3 XO - X1
W \"
A o YNenT| B Ho— M | Xo—%o V_:VE V_:Va
H3 H2 K1 C H3 = H2 XO = XS
Hy X2 A Hi-Hz [ X2-Xg
Vi vy
(I“gj KON [YNznof B Ho—th | X3-%o |5+
Hy Hy Xq C H3 —Ho X1 —XO
H, Xy A H1 - H3 X0-X3
W \"
U/&J % ©%2 |YNzni1| B Ho-Hy | Xp—-Xq \,_H"“’E V_:'V5
H, Hy |, C Hz-Hs | Xo-Xo
Hy X, A | Hz-H2 | Hi—-Hz | X1-X2 o
X Hi-H3 | H,-H _ Yu Va| M
HS H, x5 C | H3—Hy | Hg—Hy | X3-X4
Hy XB A H3—H2 H‘| _HS XS_Xz
X B| Hy—-H Ho - H X;—Xa |8, 58] ACCES?SlBLE
Zy3 1~ Hz | Ho-H4 1778 |92 | e avs | ACCESSEL
HS Ha | %2 C | Ha—Hy | Hg—Hz | X3-X4
Hy X3 A | Hz-Hy | Hy-Hz | X3-Xi NO
_ Vi V3 _VH ACCESSIBLE
X3 ZyS |B | Hi—Hg| Ho-Hy | X1-X2 |5 |7 s | “NeutRaL
H3 Hy Xy C | Ho—Hy| Hz—Hy | Xo-X3
Hy X, A | Hz—Ha| Hi-H3 | Xa-Xq NO
7 Hy—H _ Yu V3| _Wu ACCESSIBLE
5| &Y B 18] Ho—H1 | X3—Xo Vx 2| Vg WV NEUTRAL
H3 H, Xy C Ho—Hy | H3-H2 | X1-X3
Hy X, A | Hg—Hy [ Hi-Hz | X2—X3 .
W, Vo W
Hy - H _ Xy |tem| ==
: 29 | 8 [ o [ ot [ a0 |35 % | somsa
HS Hy X3 C | Ho=Hy| Hg-Ha [ X4-Xo
Hy X, A Hg-Hy | H1—-Hg3 X1-X3
Vg V3 VH NO
| Y11 | B | Hi—Hg| Ho-H1 | Xo-Xq Ve 2| Vy vz | ACCESSIBLE
NEUTRAL
M3 Ha %3 C | Ho-Hy| H3—-H2 | X3-X2
Hy X, A HizHo | A=%p NO
VH VH
H, _ ACCESSIBLE
0 X ZNy1 | B Ho—-Ho | X2~ X3 Vx oV3 | Vx «V3 | NEUTRAL ON
hS H, X, c Ha—Ho | X3-Xq LOW WINDING
NOTES: 651VANGUARDOS0308V11

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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APPENDIX B (continued)
ANSI Transformers Description

it p WINDING TESTED
jector| H MEAS | TURNS NOTES
GROuP| A HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S | INTERNAL | yoLtace | VOLTAGE
WINDING (H) WINDING (X) E | JUMPER | wNDING | WINDING
Hy ;(3 A H-I —HO XS—Xz § 9 NO
H " H | ACCESSIBLE
- “ | zNy3 | B Ha—Ho [ X1 -X3 [ —7| 5wz | NEuTRALON
S Hy | xg c Hy—Hg | Xo—X LOW WINDING
Hy XS A H-] _HO XS—X1 NO
H i 5 Vi Vi ACCESSIBLE
. N < ZNy5 | B Ho—Fo | X1-% | 5| 55 | neutraLon
Hy H, xl C H3 i HO X2 H X3 LOW WINDING
Hy X A Hi-Hp | X2-X4 i g NO
X s H H | ACCESSIBLE
o 3 12zNy7 | B Ho—Ho | X3-X2 | 7% | % v3 | NEUTRALON
H , | X c Hz—Ho | X1 - X3 LOW WINDING
Hy X, A Hy—-Hg | X2-X3 NO
¥ Vi Vi | ACCESSIBLE
0 X, ZNys | B Ho—Ho | X3-X1 |75 | v-vs | NEUTRAL ON
LOW WINDING
H3 Hy *s C H3—Hg | X1-X2
Hq X A H-I = HO X1 = XS NO
i i Vi vy | ACCESSIBLE
L x, zny11] B 2GR0 k2 el s v v | REUTAC R
H3 Hy X3 C H3 - HO X3~ Xo
Hy X, A | H3—H2 | H1-H3 | X1-X2 NO
Vu Va| _VH ACCESSIBLE
%3 (xo Zynt | B [ H1-H3 | H2-H1 | X2-X3 |g=*—| 775 | NEUTRAL ON
HS H, X, o | FPE IR (B R HIGH WINDING
Hy X4 AilliiRaimtzilimmEsiliPemXe NO
Vi V| VW ACCESSIBLE
X 1| Zyn3 |B | Hi-Hg | Ho-Hi | X1-X3 |97 | vz | NEUTRALON
K Hy | xS | [T T [T R RV HIGH WINDING
Hy Xq A | FazHa | HizHs | X35 % NO
Vu V3| Vi | ACCESSIBLE
xR | zyns | B | Hi-Hg | Ha—H1 | Xy X5 |3t | (== neutmaLON
HIGH WINDIN
HS Hy X C | Ho—Hy | H3-H2 | Xo-Xg Erlihsbutiei
Hy X; A | Ha—Hz2 H1-H3 X2 — X4 NO
Vi V3| Vi | ACCESSIBLE
2—O%3 | zyn7 | B | H1—H3 | H2-H1 | X3-X2 |7-*%| 7= | NEUTRALON
0 X X V3
i " Y HIGH WINDING
3 2 1 C | Ho—Hy | H3—H2 | X4-X3
Hq X2 A H3_H2 H1_H3 X2_X3 NO
Vu V3| _VH | ACCESSIBLE
XF’_é Zyng [ B | Hi—-Hg | Ho-H1 | X3-Xy |97 | 5 | nEutRaLon
HS Hy X cilipsZaqilins=rzilia=xe HIGH WINDING
NOTES: 651VANGUARDO80308V12

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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APPENDIX B (continued)
ANSI Transformers Description

TRANSFORMER
CONFIGURATION h L SRS oy
VECTOR A MEAS | TURNS NOTES
GROUP HIGH Low RATIO | RATIO
HIGH-VOLTAGE | LOW-VOLTAGE S INTERNAL VOLTAGE VOLTAGE
WINDING (H) WINDING (X) E JUMPER WINDING WINDING
H, X, A | Ha—Ho | Hy-Hz [ X;-X3 NO
Ve V3| VM ACCESSIBLE
0% | Zyn11| B Hy—Hg | Hyo-Hy | X5-X V—:-—z V5 | NEUTRALON
" H, X c [ Hy-H, Ha—Hp | X3-Xp HIGH WINDING
L Vi Vi
X4 X, ZNyn1| B Ho—Hp | Xo—Xj v -3
Xg C HS — HO X3 — X-I
X A Hi-Ho | X3-X2 . .
H H
% 0% |Z\yn3| B Ho-Ho | X1-X3 | == | i vs
X2 (& Hz-Hp | Xo-X4
Hq—H -
X, A 1—Ho | X3-X14 Vi Vi
X X, ZNyn5| B Ho—Ho | X1-Xo | v g [ vy V3
X4 C Hz-Ho | X2-X3
X A Hi—Ho | Xo-Xq
2 VH VH
o 0% |ZNyn7| B Ho-Ho | X3—-Xo | —= | v s
X C H3-Ho [ Xy-X3
= A Hi-Ho [ X2-X3
2 Vy Vy
xo—dx,  |zNyno| B Ha—Ho | X3—-X1 |5 | % ova
X3 C Hz-Ho [ X1-X2
X, A Hi-Hp | X1-X3
%o Vi Vi
X, |zNyn11| B Ho—-Ho | Xo-X1 | T = | s
X3 C Hz-Ho | X3—-X2
X
1
A : e | TR VH Vi
TT | B Yy Vy
X 0 Hi-H2 | g He | xq =X ” ”
g 2 c | x1-Xo 1 3 1-A3
X V3
1 T A Ho—-H3z | H{—-H3 | X4 -X2 :—H-—z Vi
xS 3 (B w2l %
%2 | LAG | o | X1-X2 | He-H3 [ X1-X3 |3
H, ) A Vy V3
T Ho-Hg | Hi-Ha | X1-X3 |Z.—=]| |
2| 30 B =
_ _ Vi 2 X
e e xS LEAD c X1-X3 | Ha—H3 | Xo-Xq T
NOTES: 651VANGUARDOB0308V13

1) Meas Ratio is the ratio measured by the instrument, where Vh, Vx, are the Nameplate Voltages.
2) Turns Ratio is the physical ratio of the number of turns on the core, expressed in terms of Vh and Vx.
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