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General Purpose and Operation

*Maintain near constant secondary © } Nt
voltage with a variable primary *
voltage

N, and N, are fixed turns ratios
determined by connected positions , N,
(N, can be changed with
transformer out of service) LN, Vs

*N; represents the LTC which )
adds or subtracts windings to the o
N, turns ratio

*Avista’s typical LTC on

+ 0

Autotransformers has 17 positions; N, + N;
range 247.5 kV to 225.5 kV with V= V,=a-V,
nominal at 236.5 kV N,
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Mechanical Operation

*VVarious methods/devices are used for LTC e
sExample at right:
= Tap selector switches numbered 1 to 8

= Diverter resistors A and B prevent high
circulating current

000000 —O

OQOOLOOOOQ

= Change from tap position 2 to 3 P
. PN
— Close switch 3 under no load PR~ B
(&
— Rotary switch causes load current to -3
flow through resistor A, then o

momentarily through both resistor A
and B with switches 2 and 3 closed

— Once resistor B is shorted, load
current flows through switch 3
Neutral

— Switch 2 now opens under no load terminal




SCADA vs. Modeling Labeling Convention

SCADA Convention Modeling Convention
*Positive tap position increases *Positive tap position decreases
secondary voltage, total tap ratiois  secondary voltage, total tap ratio is
decreased Increased
*Negative tap position decreases *Negative tap position increases
secondary voltage, total tap ratiois  secondary voltage, total tap ratio is
increased decreased

SCADA Modeling
247.5 kV -8 247.5 kV 8
242.0 kV -4 a= (236.5+l.375X-8)/112.75 =2 242.0 kV 4

a = (236.5+1.375x+8)/112.75 = 2.195

236.5 kV 0 236.5 kV 0
231.0 kV 4 231.0 kV -4
225.5 kV 8 225.5 kV -8
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Other Labeling Conventions

247.5 kV 17 247.5 kV
242.0 kV 13 242.0 kV
236.5 kV 9 236.5 kV
231.0 kV 5 231.0 kV
225.5 kV 1 225.5 kV

Any labeling convention works so long as it is consistent and
documented!
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LTC Discussion

L TC Advantages:
= \oltage control
= Added flexibility
oL TC Disadvantages:
= Costs: Adds ~15-18%
= Maintenance issue:
— Moving parts
— Increased outages
= Failure probability higher with LTC
= | TCs generally not utilized today (confirm with Pl data)
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LTC Discussion Cont.

*PJM has analyzed and recommends NO LTC on 500/230 kV banks
*Alternatives to LTC’s:
= Capacitor banks: distribute MVAR to optimum location
— Approximately 3 tap positions is equivalent to one cap bank:
o 22 MVAr at 115 kV or
e 67.1 MVAr at 230 kV
— No flexibility for high voltages
= Move generation (not likely for Avista)
= Specify LTC’s on lower voltage transformers
= Specify LTC for special situations
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Taps vs Caps

LTC
Initial cost: ~$390k

= Assume 250 MVA transformer

= 15-18% of total transformer cost
Maintenace: $20k, 5-7 years

= 70,000 operations

= Requires outage coordination
Life expectancy: 50 years
Total life cycle costs:
~$500k

Capacitors
Initial cost: ~$750k
= 3 —-70 MVAr banks at 230 kV
= [ and acquisition will add to cost
Maintenance: $20k, 5-6 years
= 4000 operations
Life expectancy: 14 years for CB
= Circuit breaker mechanism will require
parts: $300k
Total life cycle costs (50 years):
~$2 million
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Where do you start?

O Transformer test reports and other company records

4 Collect the following data:

—
1. Impedance (%Z and full load loss)

Primary nominal voltage G

Bus j

Secondary nominal voltage
MVA rating
NLTC fixed tap position

m O«w—
& s
w

LTC min & max tap

N o Ok D

LTC step size
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What base values should you use?

O System MVA base (100 MVA) & system voltage base
* |.e. 500 kV, 230 kV, 115 kV

O System MVA base & transformer voltage base

4 Transformer MVA base & system voltage base

O Transformer MVA base & transformer voltage base
* Read directly from test report

e | ess calculations!
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The Transformer Model

Transformer Base Model

From Bus Current mMax Tap Ratio To Bus
Side Tap (% Side
Ratio
Fixed Tap
ToBus <—__ Letthe software do the
R Fixed Tap base conversion
From Bus
G iBrr
2 2
G Oibp System Base Model
MVA Base
@
Nominal kV Nominal kV
From Bus Side To Bus Side From Bus jx ToBus
Side T E Side
ap AP _@5@\.___.
= Ratio
G Max Tap
2 Step Size
G iB
Min Tap 2 2
Gmalﬂg ijaq
®




Example Test Report

Based on normal rating,

Resistance, Exciting Current, Losses and Impedance
unless otherwise stated. Losses and regulation are based on wattmeter measurements.

VA TECH Ferranti-Packard de México, S.A.DEC.V Page 1
Report of Transformer Tests
rustomer:  AVISTA CORPORATION Cust. Order # 030413 FPT Order $ —— FP S/N: TP -543
st Date;  JULY 10-26,2008 Cooling: ONAN / ONAF1 / ONAF2 Hz: 60 Phases: 3 Insulating Fluid: OIL Temp rise: 55°C // 65°C
Winding HIGH VOLTAGE _ LOW VOLTAGE TERTIARY VOLTAGE
MVA 150 / 200/ 250 // 280.0 150/ 200/ 250 // 280.0 33.3/44.4/555162.2
kV 236.5/136.543 (Y) 112.75/85.096 (Y) 13.80 (A)
Taps,0OC +4.65 % in 16 Steps +4.88 - 5.23 % in 4 Steps ———

For three-phase transformers the resistances are the sum of the three phases in series.
Resistance in ohms at % exciting No-load HV: 236.5 KV HV: 236.5 KV LV: 11275 KV
SERIAL 75°C current at kW at LV: 11275 KV TV: 13.8KV TV: 13.8 KV
NUMBER 100% 100% 250.0 MVA 250.0 MVA 250.0 MVA
HV Lv TV. rated voltage | rated voltage Load loss Load loss Load loss
% 1Z % 1Z % 1Z
(H-X) (X - HOX0) @MVA: 150 20°C kw, 75°C kW, 75°C kW, 75°C
TP-543 0.42667 0.12843 | 0.040498 0.0544 75.977 276.71 7.086 1944.78 48.05 1864.31 39.00
e ——
Calculated 0.16 73.5 302.08 7.13 2136.60 2098.04
Guarantee 74.0 311.11 6.8 "1 aso 37.0
% Regulation at 75°C, HV.TAP N, LV. TAP 3 100 % PF 90 % PF 80 % PF
150 /250 MVA, Lagging 0.15/0.35 1.97/3.36 2.65/4.47

Temperature Rises Average rise in degrees C, corrected to instant of shutdown, with windings connected and loaded as follows, until constant temperature rise

was reached.

T
N - 1 A mmbimmd Tammnaratira °0

Pounds




Example Data Entry

Bus View for BOULDER 48524

= b~ Rls lBOULDER [230 |V |:48524:|I%$']| _F.ilr_1d__, .FLIII Tapalogy - Options ~ Views = _HI'_SFOW -
Bus: BOULDER (48524) Data from test report
Nom kY: 230.00 TransFormer From Bus To Bus Circuit I
trem: NORTHWE ST (401) i | desz || |E] ind By Murnbers |

Mumber |
Zone: AvA Spokane (147 | T [ —— E] Find By Mames

Name |BOULDER | |BOULDERE |
1.0281 pu mmmm=l  Arcalame |NORTHWEST (40) | |MORTHWEST (401} | £ Transformer Parameters

0L00 MW

23683 KY Mominal ki | 230.0 | | 115.0 | Transformer Base Parameters | Transformer Base Model | $ystem Made| Conwersion Equations |
T7.25 Deg - -
The walues at the right are derived from By changing theke values along with the bases
0,00 1Mk
% Labels ... ] !no labels | 1, The transformer bases (below) on this dialog, volwill modify the values stored
2. Fixed taps (below) on the sytem base:

| Display | Parameters | Transformer Contral | Fadlt Info || Cwner, Area, Zdl 3. System bases (system Mita base, and bus nom k)
4, & corresponding walue stored on the system bases

Transformer Information BT Control Trpe
Cff-nominal Turns Ratio 1,01188 S arerrir Atk R | 0.001115 |

It -
Phase Shift {degrees) 0.0 Yoltage Regulation (aYR) e 0.070584 |

[ Change Automatic Cont Transformer Base Yalues and Fixed Taps E 0.000000
Automatic Control Enabled Fixed Tap From Bus 1,000000 G 0,000000
Fixed Tap To Bus 1.024400 Magnetizing B 0.000000

Mominal kY From Bus 236,50 Magnetizing G 0.000000 ]
(Mote, tap andfor phase shift is always on the From Bus side) —e A KT e R e E
[ Specify Transformer Bases and Impedances. .. ] M——— Femoon | i e ppe—

Maximum Tap Ratio Wiaﬂ—i

Step Size fﬁuﬁn—i

o o [ X cancel ] ’ ? Help ]
’ x Cancel ] [ ? Help ] 48822
1.0115 pu

Shstamistste 11632 K




Modeling Assumptions

UMagnetizing impedance is neglected

* Magnetizing current ~ 0.5% of rated current

* |Less than 20% xfmrs in WECC cases model B and G
UIimpedance is proportional to number of turns squared

* If NLTC is off nominal (i.e. + 2.44%), Z = Z,,,(1.0244)?

* Measured impedance may differ by ~ £8% or ~ 0.5 ohms
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Conversion to System Base

¢ Transformer Parameters

Transfarmer Base Parameters | Transformer Base Maodel | System Model | Conversion Equations

The following eguations convvert the kap, minimum tap, maximumn kap, and skep size from the transFormer base to the syskem bag .
A= 2 & 2 2 ) Branch Options

TanMult 1 » NomKVTogy,  NomKVFrompy,
apiulr = = ireLil
? FixedTapTo, NomKVIop NomKVFromgy Rl 48;::“ e 4;5':'232“5 ermt B
o Mum
MinTap o = (MinTap 1 + FixedTapFromy —1)* TapMult T — o D
MHarme
MaxTap ;. = (MaxT: + FixedTapF; —1)* TapMult Find ...
@x1apsys = (MaxTapp + FixedTapFrompy —1)* TapMu SreaMame  |NORTHWEST (400 MORTHWEST (40
Tap ;. = (Tap g + FixedTapFrompg —1)* TapMult []From End Metered
. Morminal kv 230.0 115.0

StepSize ;. = (StepSize ) * TapMult
no labels

Display | Parameters | Transformer Conkrol | Fault Info | Owner, Area, Zone, Sub || Cuskom | Stability

The Fallowing equations convert the impedance and admittance parameters fram the transformer base ko the system base.

MVABaseyy: I FixedTapTog * NomKVTog T

ImpedanceRatioSysOverTran = Skatus Per Unit Impedance Parameters MW A Limits
= r AT, P
MVABaserp | NomKVTosys J © open Series Resistance (R 0.00045 Lirrit. £ 275.000
Ry = R * ImpedanceRatioSysOverTran X p; = X * ImpedanceRatioSysOverTran @ Closed Serles Reackance (X) 0.02548 Limnit B 275,000
i ) MVABase Branch Device Type ! Lirnit < 381.000
AdmittanceRatioSysOverTran = ——— & shunt Charging (B) 0.00000 o
) MV ABase Transformer Lirnit O 381,000
. SIE shunt Conductance (G) 0.00000 it E 213,000
— E 4 4 ) 2, — = ;. - . . .
Giys = G ® AdmittanceRatioSysOverTran By = By ® AdmittanceRatioSysOverTran A Magnetizing Conductance | 0.000000 Lo 215,000
Length 1.00
J > Magnetizing Susceptance | 0.000000 Lirnit G 313.000

Calculate Line Shunks Lirnit H 313,000
Impedances =

[ Convert Transformer to Line ]

Let the program do the calculations ——>

¢OK [ xCancel l [ ? Help ]




Conclusions

U Hand Calculations should be avoided
« Computers excel at repetitive mathematical operations

* |IF a bug exists that causes a math error when fixed all of the
errors will be corrected

- This is NOT the case with hand calculations
U Data needs to be easily traced back to a proper source

* |f you enter data off the test sheets (as much as possible)
then there is NO DOUBT as to the accuracy of the data.

1 Avista Procedure
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