T-PRO Application in Reactor Protection
Using Neutral Differential and
Timed Over-Current Back-up Protection

87N Neutral Differential

Neutral Differential protection (87N), which is also known as Restricted Earth Fault, provides
sensitive protection to the transformer, auto-transformer or reactors for internal winding to
ground faults. The function is restricted to detecting ground faults only within the zone
between the CTs that define the 87N zone.

The 87N differential protection uses essentially three principles; the percentage differential
slope, the delta-phase (phase angle comparison), and the rate of change of operating and
restraining currents for differential trajectory tracking to increase the security of the
differential protection during external or through faults.

Note the winding 3-phase CTs must be Wye connected. Delta CT's cannot be used as they
would trap the zero sequence current making it unavailable to the 87N function.
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Settings

Using T-PRO Offiliner.

Creating a new setting.

On T-PRO 8700

Please select the followings

Product: (B ~

E:Bttingversiun:lﬂ vI

Cancel |

On T-PRO 4000

Pleaze select the followings
Product: |IEEEETT -
Setting version: |4|;|.1 - I

Cancel |
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Nameplate Data

Enter the power of the reactor in MVA.

On T-PRO 8700 & 4000

Eile Edit Tools Window Help
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-] Analog Inputs
i--[] External Inputs
.[] Output Contacts
[----. Mameplate Data
[=-[] Connections
[ Winding/CT/PT

: [[] Temperature Scaling
--[_] Record Length
=[] Protection Functions
-.[] 87N
..[] 49
[ TOEWS
D 74
-] 59N
] 27
-.[]&0
-] 81
-] 50051
-] SOMN/STN
[ &7
--[] THD Alarm
--[_] Through Fault Monite
=[] ProLogic
-] PL 1 [ProLogic 1]
--[] PL 2 [ProLogic 2]
-] PL 3 [ProLogic 3]
--[_] PL 4 [ProLogic £]
-] PL 5 [ProLogic 5]

<

L]

Nameplate Data

| Transformer 3 Phase Capacity (1-2000 MVA)

Maximum Trans fermer Rating

Transformer Windings

3

Tap Changer Range

0

%

Normal Loz of Life Hot Spot Temperature

10.0 [°C

Mote: IEEE Standard: 110°C for 65°C rise trf; 95°C for 55°C rise trf.

Transformer Temperature Rise

[i5)

[c

Tranzformer Cooling Method

Self cooled

Temp. Rize Hot Spot (TrizeHS)

25.00

°C

Temp. Rize Top Oil (TriseTop)

55.00

°C

Temp. Time Const. Hot Spot (TauHS)

0.03

Temp. Time Const. Top Oil (TauTop)

3.00

Ratio of Load Loss to Iron Loss (R)

3.20

Hot Spot Temp. Exponent (m)

0.80

Top Oil Temp. Exponent (n}

0.30

T-PRO Offliner

|Settings ¥11 |[Enter a value between 1.0 and 2000.0 HVA

Connections > Winding/CT/PT

Enter the Reactor Voltage in kV being the HV side voltage level and its connection in

Y’

Enter the PT Turns Ratio and its location being ‘HV".

Enter HV CT Connection being ‘Y’, CT Phase degree being ‘0’ and its Turns Ratio.
Leave the default settings on the other inputs.

To enable 87N-HV, Input 5 must be set to ‘87N Auto’.

For T-PRO 4000 only, enter the HV Neutral CT Turns Ratio.
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On T-PRO 8700

Eile Edit Tools Window Help
D@ %[f 8| =|n|S]E 2
Winding/CT/PT Connections

E-[] dentification ~

[ Relay

[] Analog Inputs

[] External Inputs

[] Output Contacts Transformer Mameplate Woltage Input Connection
--[_] Nameplate Data HV v ™
N nnections Voltage (kW) 230.0 15.0 | PT Turns Ratio 3333.0 :1|

Connection A = = Location [V |

[[] Temperature Scaling Phase (deq) [ -
-] Record Length {ref. A Phase ) i | 1Y jlﬂ-’ j
=[] Protection Functions
-[]87 Current Input Connection

-[] B7M CcT CT Phase CT Turns
.[]49 Current Inputs Winding Connection {deg) Ratio (1) External Input

-] TOEWS | input 1 ||V =y e = 1DD.DD|I{nDne>
g g;rq input 2| |LV v =] 20000 [<none-
27 Input 3 IW jl\r jl 1667.00 I{nnne>

~[160 Input & - I 450.00 |=none=
D a1

NC bl | A ld
[ 50451 B?I-J.b.utn L"Y - L| 4000.00 |<none=

1 Ennc Ak

£
T-PRO Offliner |Settings v11 |

On T-PRO 4000

Eile Edit Tools Window Help
O[] 4 |%(@]-| w|a|s)E 2|
B L] Wentification * | Winding/CT/PT Connections

-] Analeg Inpute

-] External Inputs.
-[] Output Contacts Transformer N ameplate YYoltage Input Connection
[ Virtual Inputs Ly v
<[] Setting Groups Yoltage (kW) 230.0 115.0 13.8 | PT Tumz Ratio 33330 1 |

-[_] Nameplate Data Connection |y || - v - Location | Hy -
=[] Connections —I _I J

et A-Phaser? 0 =]

Current Input Connection

-] 5CADA Communication o ey o T
) aze s
[=-[] DNP Configuration . " -
I:=| ] Paint h?ap Current Inputs— Winding Conmectian [deq) Ratico[:1] Estemal lnput

-[] Class Data | Input 1| |Hy L"Y ;"D° ;" 100.00 | <rone:
-] SCADA Setting 5 n

E S g Summary Input 2| [V ~lv <o = 20000]cnones
-] Setting Group 1 [Setting C Input 3| | T v ~lfo - 20000 <rone:

=[] Protection Functions Irput 4| [NC i v L"Do LII 45U.Uﬂl<none>
Input 5 IB?N Auto ;I ¥ ;"D° ;II 4DDD.DD|<n0ne>

MNeutral CT Tumns
-] TOEWS Fiatial:1]

-] 24 Input B [HY) I [20.00]

:E o Input 58 (L) [ zmooo

&0 IrpLit 5C [TV) [ 20000

.71 SORF

<
T-PRO Difliner |Settings v401 |Enter a value between 1.00 and 50000.00
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Protection Functions > 87N

IOmin
Per unit minimum level that operates the device 87N.

The setting value should consider CT errors.

IRs

Per unit point on the restraint axis of the differential characteristic where
Slope 1 and Slope 2 intersect.

S1
Slope of first part of characteristic meeting IOmin and Slope 2.

The setting value should account for tap-changers, inrush current, CT
mismatch.

S2
Slope of second part of characteristic meeting Slope 1.

The setting value should account for CT saturation for high magnitude
currents. However, for the Reactor Neutral Differential application, it is not
critical.

Neutral CT Turns Ratio (for T-PRO 8700 only)
Enter the HV Neutral CT Turns Ratio.
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On T-PRO 8700

Eile Edit Tools Window Help

D[ (@] &|w(@]-| ®lo|sE e

i i " |87N - Neutral Differential

-] Analog Inputs —
-[] External Inputs SR - Neral DiSerenial

| = Differential Characteristics J

--["] Mameplate Data
=[] Connections
f[] Winding/CTIFT
-] Temperature Scaling
--["] Record Length
=[] Protection Functions
87N
148
-] TOEWS
.[] 24
-[] 59N
-] 60 Grid On Refresh Print Graph IReset Zoom j
-] 0451 27N - Neutral Differential
-] SOMISIN IR=s S 52 Neutral
-] 67 {pu) (%) (%) | CT Turng Ratio
L] THD Alarm ¥ HV Enabled 77| 200 3000( s0.00 20.00]

-] Through Fault Monitor
B[] ProLogic [~ LVEnabled 200 | 2000 40.00 200.00

‘(] PL 1 [FroLogic 1] [T TVEnabled ; 2.00 | 20.00| 40.00 1000.00
1Pl 2 TPral nairc 71
>

T-PRD Offliner |Settings ¥11 |Enter a value between 1.00 and 1000000 for CT Tumns Rat

On T-PRO 4000

File Edit Tools Window Help
D[] & |8[@[«w| = |6<[E 2]

L onion " |87N - Neutral Differential

[] Analog Inputs
[] External Inputs
[] Output Contacts.
=[] Wirtual Inputs
E---|:| Setting Groups
-["] Nameplate Data
=[] Connections.
‘[ Winding/CT/PT
[ ] Temperature Scaling
-[] SCADA Communication
=[] DNP Configuration
j [] Point Map
‘.[] Class Data
-[] SCADA Setting Summary
-[_] Record Length
EH[] Setting Group 1 [Setting ¢
EI[] Protection Functions Grid On I Refresh Print Graph IResei Zoom d

FTHEHY - Neural Difisrential

| — Differential Characteristics ‘l

87N - Meutral Differential

IRz 51 52 Neutral
-] TOEWS (pu) | (%) (%) | CT Turns Ratio

g i;m [V HWV Enabled X 3.00 | 30.00| 60.00 20.00
027 [T LV Enabled 5.00 | 30.00 | 100.00 200.00

~[]180 [ TV Enabled 5.00 | 30.00 | 100.00 200.00
81

<
T-PRO Difliner |Settings v401 | Selting Group 1|
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Protection Functions > 50N/51N (Back-up)

51N Pickup

Minimum level that operates device 51N.

Curve Type

Sets the type of curve.

TMS

Factor for altering inverse time curve.

TR

Factor for altering the reset time.
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On T-PRO 8700

File Edit Tools Window Help
D[] 2 [B|@[o] =|[s)E 2|

e * | 50N/51N - Neutral Overcurrent
-[] Analog Inputs
-[] External Inputs
-] Qutput Contacts
-[] Nameplate Data Pickup:
=[] Connections T =TMs| B+ A
-] Winding/CT/PT I
[] Temperature Scaling
-[] Record Length L pichay
[=-[] Protection Functions
[ 8T
-] 87N
D 49 T{U = TS TR
-] TOEWS 7
-[]24 =1l
-] 58N ‘rPid'.up = I
27 : ;
-] 80 SOM/S1M - Neutral Overcurrent
-] &1 50N 51N
Pickup| Pickup

Reset:

Refrezh Print Graph

(&) | Delay ()| Curve Type A
-] THD Alarm 10.00 1.00 IEEE very inverse 3.9220
-[_] Through Fault Monitor
=-[] ProLogic

~[] PL 1 [ProLogic 1] 10.00 1.00 [EC very inverse . 13.5000
-] PL 2 [ProLogic 2]
-[_] PL 3 [ProLogic 3]

10.00 1.00 IEC very inverse . 13.5000

<
T-PRO Dffliner |Settings ¥11 |

On T-PRO 4000

Eile Edit Tools Window Help
D[c|d| @@ =|alsE 2]
" | 50N/51N - Neutral Overcurrent

[] Output Contacts
[] wirtual Inputs. Pickup:

A
T¢T) = ThaS | B+

-] Mameplate Data : F
=[] Connections =1l
i..[] Winding/CT/PT T pictuy ]
[] Temperature Scaling
[] sCADA Communication
=[] DNP Configuration
; [] Point Map YD) = TMS TR
[] Class Data [ 7 ]2 1

Reset

-[] SCADA Setting Summar

--[] Record Length

=[] Setting Group 1 [Setting

|_:_||:| Protection Functions SOM/S1N - Neutral Overcurrent

-] 87 SON 51N

-] 87N Pickup| Pickup Pickup Neutral

-] 49 CT Turng

-.[] TOEWS (&) | Delay (s) [A) Curve Type Ratio(:1)

-] 24 5.00 1.00 5.00 | [EEE very inverse L 20.00

..[] 59N
g 80 5.00 1.00 1.00 | [EC standard inverse 1 L 200.00

[ 81

‘rPichep

Refresh Print Graph

5.00 1.00 1.00 | EC standard inverse d g 200.00

£

T-PRO Offliner |Settings v401 | Setting Group 1| |
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Calculation Example (87N IOmin)

Assuming the following data:
System
Reactor Power = 100 MVA
HV Voltage = 230 kV
Phase CT Ratio = 100:1
Neutral CT Ration = 20:1

Setting
IOmin = 0.3 pu

Calculating the minimum pickup current

kVA 1 100103 1

[0min(4) = V3% kV " Phase CTR

Phase CTR 100

Neutral CTR - 20
I0min(A)referred to Neutral = 0.75+ 5 = 3.754

Magnitude Correction Factor (MCF) =

*10min(pw) = =20 * 100

Page 10 of 10

* 0.3 = 0.754

So, if a current equal or greater than 3.75A is seen by the Neutral CT, T-PRO

picks up.

The specifications and product information contained in this document are subject to change without notice.
In case of inconsistencies between documents, the version at www.erlphase.com will be considered correct.
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