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Disclaimer

Please read these instructions carefully before using the equipment or taking any other actions with
respect to the equipment. Only trained and qualified persons are allowed to perform installation,
operation, service or maintenance of the equipment. Such qualified persons have the responsibility to
take all appropriate measures, including e.g. use of authentication, encryption, anti-virus programs,
safe switching programs etc. necessary to ensure a safe and secure environment and usability of the
equipment. The warranty granted to the equipment remains in force only provided that the instructions
contained in this document have been strictly complied with.

Nothing contained in this document shall increase the liability or extend the warranty obligations of the
manufacturer Arcteq Relays Ltd. The manufacturer expressly disclaims any and all liability for any
damages and/or losses caused due to a failure to comply with the instructions contained herein or
caused by persons who do not fulfil the aforementioned requirements. Furthermore, the manufacturer
shall not be liable for possible errors in this document.

Please note that you must always comply with applicable local legislation and regulations. The
manufacturer gives no warranties that the content of this document is in all respects in line with local
laws and regulations and assumes no liability for such possible deviations.

You are advised to notify the manufacturer in case you become aware of any errors in this document or
of defects in the equipment.

The manufacturer reserves the right to update or amend this document at any time.

Copyright

Copyright © Arcteq Relays Ltd. 2026. All rights reserved.
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1 Document information

1.1 Version 2 revision notes

Table. 1.1 - 1. Version 2 revision notes

Revision 2.00
Date 18.12.2023
- New more consistent look.
- More descriptions to schemes.
Changes - Drawings redone.
- Added new schemes with AQ-103.
- Rearranged order of schemes.
Revision 2.01
Date 7.11.2024
- Fixed AQ-110P SS:7a binary input connection descriptions.
Changes - Revised connection drawings for application with one tie breaker and multiple incoming
feeders.
Revision 2.02
Date 20.12.2024
Changes - Additional details in the detailed application drawings included in the zip package.
Revision 2.03
Date 19.9.2025
Changes - Updated DIP-switches in detailed application drawings.
Revision 2.04
Date 04.02.2026
Changes - Updated the included detailed application drawings to have layers that can be hidden/
9 shown (devices, I/O, logic matrix, sensors, SLD and zones).
Revision 2.05
Date 09.09.2026
Changes - Changed the position of current transformer in application drawings.
¢ - Added recommended DIP switch settings.

1.2 Version 1 revision notes

Table. 1.2 - 2. Version 1 revision notes

Revision

© Arcteq Relays Ltd
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Version: 2.05
Date 1.10.2010
Changes - First revision.
Revision 1.01
Date 1.8.2011
Changes - Added more information and selectable schemes.
Revision 1.02
Date 1.9.2011
Changes - Added more information and selectable schemes.
Revision 1.03
Date 1.11.2011
Changes - Corrected information.
Revision 1.04
Date 1.8.2012
Changes - Corrected information.
Revision 1.05
Date 1.8.2017
Changes - Add new schemes and layouts.
Revision 1.06
Date 1.8.2020
Changes - Revised AQ-101S connection diagrams.

1.3 Safety information

This document contains important instructions that should be saved for future use. Read the document
carefully before installing, operating, servicing, or maintaining this equipment. Please read and follow all
the instructions carefully to prevent accidents, injury and damage to property.

Additionally, this document may contain four (4) types of special messages to call the reader's attention
to useful information as follows:

NOTICE!

"Notice" messages indicate relevant factors and conditions to the concept discussed in the
text, as well as to other relevant advice.

CAUTION!

"Caution’

" messages indicate a potentially hazardous situation which, if not avoided,

could result in minor or moderate personal injury, in equipment/property damage, or

software

corruption.

© Arcteq Relays Ltd
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WARNING!

"Warning" messages indicate a potentially hazardous situation which, if not avoided, could
result in death or serious personal injury as well as serious damage to equipment/property.

DANGER!

& "Danger" messages indicate an imminently hazardous situation which, if not avoided, will
result in death or serious personal injury.

These symbols are added throughout the document to ensure all users' personal safety and to avoid
unintentional damage to the equipment or connected devices.

Please note that although these warnings relate to direct damage to personnel and/or equipment, it
should be understood that operating damaged equipment may also lead to further, indirect damage to
personnel and/or equipment. Therefore, we expect any user to fully comply with these special
messages.

© Arcteq Relays Ltd 6
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1.4 Abbreviations

AQD - Arc quenching device

Bl — Binary input

BO - Binary output

CBFP — Circuit breaker failure protection

HSO - High-speed output

L> — Arc light signal

Lext> — Arc light signal received from an external device

[> — Overcurrent detected by the device i.e. internal overcurrent.
lext> — Overcurrent signal received from an external device.

MT — Master trip

SS - Standard Scheme. Operation logic of the arc protection device. Selectable by the user.

7 © Arcteq Relays Ltd
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2 General

Arcteg’s AQ 100 series offers a complete solution for arc flash protection focusing on simplicity while
maintaining both flexibility and function. The devices are built for a single purpose: to provide effective
arc flash protection for low-voltage or medium-voltage applications. This MV Standard Arc

Schemes (AQ-SAS™) instruction manual includes a collection of pre-engineered, fully tested, and fully
documented protection schemes which ensure correct operation in all conditions. The schemes are
suitable for various typical switchgear layouts.

This document includes:

» Descriptions of each application

» Comparison of each solution (advantages and disadvantages)
» Example single-line diagram of the application

+ Trip and I/O operation logics

+ Setting instructions

» Wiring diagrams

» Ways to make modifications to typical applications.

This document is distributed as a zip package. In addition to this PDF document, the package includes
application drawings of each scheme with higher detail than what you can find in this document.

For detailed information about AQ 100 series devices refer to their manuals at https://www.arcteq.fi/
documents-and-software/.

© Arcteq Relays Ltd 8
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3 Without a tie breaker

This chapter lists various typical arc protection application solutions for substations without tie
breakers. The device types, the used logic schemes and the wiring vary between the solutions, but the
basic operation logic is the same in all of them. Suggested schemes in this chapter are completely
selective. Later chapters explain the design and operation of each suggested solution in higher detail.

Figure. 3 - 1. Position of each point sensor in a substation.
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(4) . (4) '

(3)

2 ) @ X 2)
X§OOXE U X
(1) ' (1 ' (1) ' (M)

© Arcteq Relays Ltd
IMO0068



AQ-SAS MV Standard Arc Schemes

3 Without a tie breaker ;
Instruction manual

Version: 2.05
Table. 3 - 3. Simplified arc protection operation logic in a substation without tie breakers.
# Fault location Circuit breaker to trip CBFP trip
Outgoing feeder cable * Incoming feeder(s)

» The outgoing feeder with the fault

compartment » All outgoing feeders

Outgoing feeder circuit breaker
compartment » Incoming feeder(s) » HV side of incoming
» All outgoing feeders feeder(s)

3 | Busbar compartment

* Incoming feeder(s)

4 Incoming feeder circuit breaker » HV side of incoming feeder with » HV side of other incoming
compartment the fault feeders
» All outgoing feeders
. » The incoming feeder with the fault )
5 Incoming feeder cable - HV side of the incoming feeder All outgoing feeders

compartment + Other incoming feeders

with the fault

Incoming feeder protection

Each suggested incoming feeder protection solution has point sensors installed to cable
compartments, circuit breaker compartments and busbar compartments. Incoming feeder devices
exchange information (light, master trip and current signals) with outgoing feeder devices and other
incoming feeder devices with I/O.

Figure. 3 - 2. Typical point sensor positions in incoming feeders with suggested devices and schemes.

i S
8.8 L0

AQ-110P AQ-110P AQ-110P
SS:2a S5S:4a SS:4a !
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Table. 3 - 4. Devices installed to incoming feeders.

Device (scheme) Description

+ "Master incoming feeder" device.

» (Can detect overcurrents and earth faults and share this information it with other devices
AQ-110P in the system.

(SS:2a) + Sends master trip and current signals to outgoing feeder devices.

» Sends master trip signals to "Follower incoming feeder" devices.

» At most 20 external devices can be connected to this device with I/O.

» "Follower incoming feeder" device.

» Used if there is more than one incoming feeder in the substation.

+ Up to five (5) "Follower incoming feeder" devices can be connected to the "Master
incoming feeder" device.

+ Sends light and overcurrent signals to "Master incoming feeder" device.

AQ-110P
(SS:4a)

Outgoing feeder protection

Each suggested outgoing feeder protection solution has point sensors installed to cable
compartments, circuit breaker compartments and busbar compartments. Outgoing feeder protection
devices exchange information (light, master trip and current signals) with "Master incoming feeder"
device with I/O.

11 © Arcteq Relays Ltd
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Figure. 3 - 3. Typical point sensor positions in outgoing feeders with suggested devices and schemes.

X

A

Table. 3 - 5. Devices installed to outgoing feeders.

Device

(scheme)

Description

Monitors one outgoing feeder per device.
Max. 20 outgoing feeders per substation.

AQ-101

(SS:1) Advantages:

Fault location can be indicated with high accuracy with LEDs.
Less feeders unprotected in case of device failure.

© Arcteq Relays Ltd
IM00068
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Device

(scheme)

3 Without a tie breaker

Description

Disadvantages:

» Lower maximum number of outgoing feeders compared to other schemes.
* More devices to install.

» Monitors max. two outgoing feeders per device.
» Max. 40 outgoing feeders per substation.

Advantages:
» Fewer protection devices needed for outgoing feeders compared to AQ-101 (SS:1).

AQ-101 » Less wires to install for I/O.
(SS:4) » Less cables to wire for point sensors.
Disadvantages:
» If afault occurs either in the outgoing feeder circuit breaker compartment or in the busbar
compartment the location is not indicated with LEDs as accurately as with other options.
» Two outgoing feeders are left unprotected at once in case of device failure.
» Monitors max. four outgoing feeders per device.
» Max. 80 outgoing feeders per substation.
Advantages:
» Fewest number of devices to install to outgoing feeders.
AQ-103 » Fault location can be indicated with high accuracy with LEDs.
(SS:4) » Fewest number of I/O to wire.
+ Ability to report signals to SCADA with Modbus connection (order option).
Disadvantages:
» Four outgoing feeders are left unprotected at once in case of device failure.
» One point sensor per channel. More sensor cables to run for the same protection capability.
NOTICE!
Up to 20 devices can be connected to "Master device". "Maximum number of outgoing
- feeders per substation" for each solution assumes that the substation has only one incoming
] feeder per busbar section. Each additional incoming feeder deducts from maximum number

of outgoing feeder protection devices that can be connected. When designing arc
protection solution for a very large substation, please contact your nearest Arcteq
representative for more information.

© Arcteq Relays Ltd
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3.1 One incoming feeder — one outgoing feeder per device

Figure. 3.1 - 4. Single-line diagram for an application with one incoming feeder and one outgoing feeder (without a

tie breaker).

A 4 A 4
X X
52 52
r S1 r S1
v v
/0 <=

This is a fully selective scheme for protecting substations with one (1) incoming feeder and up to 20
outgoing feeders. The scheme uses the following basic logic:

Table. 3.1 - 6. Simplified operation logic description.

Fault location

» Outgoing feeder cable compartment

Circuit breaker to trip

The outgoing feeder with the
fault

CBFP trip

* Incoming feeder
+ All outgoing feeders

» Qutgoing feeder circuit breaker
compartment
« Busbar compartment

Incoming feeder
All outgoing feeders

* HV side of the incoming
feeder

© Arcteq Relays Ltd
IM00068
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Fault location Circuit breaker to trip CBFP trip
* Incoming feeder
* Incoming feeder circuit breaker * HV side of the incoming . NA
compartment feeder
» All outgoing feeders
* Incoming feeder
* Incoming feeder cable compartment » HV side of the incoming » All outgoing feeders
feeder
3.1.1 Incoming feeder AQ-110P (SS:2a)
Table. 3.1.1 - 7. Outputs of the incoming feeder AQ-110P (SS:2a) device.
Output Connects to Action
T1 Incoming feeder circuit breaker.
Opens circuit breaker.

T2 Incoming feeder HV side circuit breaker.

T3 (Not usable in this application) (Not usable in this application)

T4 Alarming unit (optional). Trip alarm signal.

BO1 (Not usable in this application) (Not usable in this application)

HSO1 BI1 of outgoing feeder AQ-101 (SS:1) devices. Sends overcurrent and earth fault signals.

HSO2 | BI2 of outgoing feeder AQ-101 (SS:1) devices. Sends master trip signal.

Table. 3.1.1 - 8. Inputs of the incoming feeder AQ-110P (SS:2a) device.

Input Connects to Action
IL1, . .
IL2 » Sensor channels and external light signal (BI2) can be set up to use
’ . overcurrent and earth fault signal as an additional criterion for tripping.
IL3 Incoming feeder. ; .
» Overcurrent and earth fault signal can be sent to outgoing
o feeder AQ-101 (SS:1) devices with HSO1.
+ Trips incoming feeder circuit breaker with T1 relay.
 Trips incoming feeder HV side circuit breaker with T2 relay.
Incoming feeder cable | ¢ Sends master trip signal with HSO2 to outgoing feeder AQ-101 (SS:1)
S1 : .
compartment. devices after CBFP time delay.
+ This channel must be set to "Light only" mode if current measurement
point is located after the sensor.
Incomin + Trips incoming feeder circuit breaker with T1 relay.
$2 feeder c?rcuit breaker + Trips incoming feeder HV side circuit breaker with T2 relay.
+ Sends master trip signal with HSO2 to outgoing feeder AQ-101 (SS:1)
compartment. devices

15
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S3 * Busbar compartment.
S4
» Optional
S5

+ BO1 of outgoing
feeder AQ-101 (SS:1)
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Action

Trips incoming feeder circuit breaker T1.

Sends master trip signal with HSO2 to outgoing feeder AQ-101 (SS:1)
devices.

Trips incoming feeder HV side circuit breaker with T2 relay after CBFP
time delay.

05

BI2 .
devices.
» Receives light signal.
BI1 + N/A N/A

Figure. 3.1.1 - 5. Logic matrix of the incoming feeder AQ-110P (SS:2a) device.

OUTPUTS
S1 x* x* x* CBFP!
S2 Xl X1 Xl Xl XZ
$3,54,55 x| CBFP'| X X' | X
Lext> (BI2) x' | cBFP'| X! X' X
I> (phase currents) X
lo> (residual current)

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1> or lo>) is

ON.

2. Activates only if phase overcurrent signal (I>) is ON.

Figure. 3.1.1 - 6. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) device.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On/ Off |}__H| S1:L>/L>+1> [}_H 8
Pulse blocking: On/ Off (| ___H| S2:L>/L>+1> |f__m| 7
(reserved) (M| L>/L>+1> |f__H} 6
S5: Fiber loop /AQD W a/b m__| 5
FAST /CBFP [f|__ M| | H}| 4
100 ms /150 ms | __ W] Scheme [ ]| 3
I>1A/5A W selection m ]2
10>:1A/5A [[___H| | W} 1

3.1.2 Outgoing feeders AQ-101 (SS:1)

Table. 3.1.2 - 9. Outputs of the outgoing feeder AQ-101 (SS:1) devices.

Output Connects to Action
T1 Qutgoing feeder circuit breaker. Opens circuit breaker.
T2 N/A N/A

© Arcteq Relays Ltd
IM00068
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Output Connects to Action
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 BI2 of incoming feeder AQ-110P (SS:2a) device. Sends light signal.

Table. 3.1.2 - 10. Inputs of the outgoing feeder AQ-101 (SS:1) devices.

Input Connects to Action
* HSO1 of incoming
fee(_jer AQ-110P (SS:2a) » If a sensor channel has been set to "Light and current" mode, this
BI1 device. . ) !
Recei input must be active for the sensor channel to trip.
* Receives overcurrent or
earth fault signal.
* HSO2 of incoming
BI2 feeder AQ-T10P (SS:2a) + Trips outgoing feeder with T1 relay.
device.
* Receives master trip signal.
. . + Trips outgoing feeder with T1 relay.
S1 S;;go;??njsﬁ?er cable » Sends light signal to incoming feeder AQ-110P (SS:2a) device
P ' with BO1 after CBFP time delay.
» Qutgoing feeder circuit
S2
breaker compartment.
S3 - Busbar compartment. + Sends light signal to incoming feeder AQ-110P (SS:2a) device
with BO1.
S4
+ Optional
S5

Figure. 3.1.2 - 7. Logic matrix of the outgoing feeder AQ-101 (SS:1) devices.

OUTPUTS
51 x! x! CBFP
S2, 53,54, S5 CBFP! X
Master Trip (BI2) X X

1. Activates only if channel has been set to light only mode or overcurrent signal (BI1) is ON.

17 © Arcteq Relays Ltd
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Figure. 3.1.2 - 8. Recommended DIP switch settings of the outgoing feeder AQ-101 (SS:1) devices.
ON SW1 OFF
L>/L>+1> W8
St1:L>/L>+1> |)_H}7
Latch: On/Off [f[__H[ 6
100 ms /150 ms [f_H}| 5
W} 4
Scheme O
selection [ w2
m 1
3.1.3 Connections
Figure. 3.1.3 - 9. I/O connections of master trips as well as light and overcurrent signals.
Incoming feeder Outgoing feeders
AQ-110P SS:2a AQ-101SS5:1
X3 X1 X2 X1
HS02) (HSO1 BI2 (BN BO1|( BI2 )
+ + + — + — — + ||+ —
[2][3T4 1415 16115 ]| | 2113 ][04 15
v A A
DC Supply (VDC) *+
Master trip
Overcurrent
L> f
© Arcteq Relays Ltd 18
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3 Without a tie breaker

3.2 One incoming feeder — two outgoing feeders per device

Figure. 3.2 - 10. Single-line diagram for an application with one incoming feeder and two outgoing feeders (without

a tie breaker).

X
(X
9

This is a fully selective scheme for protecting substations with one (1) incoming feeder and up to 40
outgoing feeders. The scheme uses the following basic logic:

Table. 3.2 - 11. Simplified operation logic description.

Fault location

+ Qutgoing feeder cable compartment

Circuit breaker to trip

The outgoing feeder with the
fault

CBFP trip

Incoming feeder
All outgoing feeders

» Outgoing feeder circuit breaker
compartment
* Busbar compartment

Incoming feeder
All outgoing feeders

HV side of the incoming
feeder

+ Incoming feeder circuit breaker
compartment

Incoming feeder

HV side of the incoming
feeder

All outgoing feeders

N/A

19
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Fault location Circuit breaker to trip CBFP trip

* Incoming feeder
* Incoming feeder cable compartment » HV side of the incoming » All outgoing feeders
feeder

3.2.1 Incoming feeder AQ-110P (SS:2a)

Table. 3.2.1 - 12. Outputs of the incoming feeder AQ-110P (SS:2a) device.

Output Connects to Action
T1 Incoming feeder circuit breaker.
Opens circuit breaker.
T2 Incoming feeder HV side circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 N/A N/A
HSO1 BI1 of outgoing feeder AQ-101 (SS:4) devices. Sends overcurrent and earth fault signals.
HSO2 BI2 of outgoing feeder AQ-101 (SS:4) devices. Sends master trip signal.

Table. 3.2.1 - 13. Inputs of the incoming feeder AQ-110P (SS:2a) device.

Input Connects to Action
IL1, . .
IL2 » Sensor channels and externgl light signal (B]?) can pe §et up to.usg
”_3’ + Incoming feeder overcurrent and earth fault signal as an additional criterion for tripping.
' » Overcurrent and earth fault signal can be sent to outgoing feeder
o AQ-101 (SS:4) devices with HSO1.
+ Trips incoming feeder circuit breaker with T1 relay.
+ Trips incoming feeder HV side circuit breaker with T2 relay.
s1 * Incoming feeder cable | ¢ Sends master trip signal with HSO2 to outgoing feeder AQ-101 (SS:4)
compartment. devices after CBFP time delay.
+ This channel must be set to "Light only" mode if current measurement
point is located after the sensor.
- Incoming + Trips incoming feeder circuit breaker with T1 relay.
S0 feeder circuit breaker + Trips incoming feeder HV side circuit breaker with T2 relay.
+ Sends master trip signal with HSO2 to outgoing feeder AQ-101 (SS:4)
compartment. :
devices.
S3 + Busbar compartment. + Trips incoming feeder circuit breaker with T1 relay.
» Sends master trip signal with HSO2 to outgoing feeder AQ-101 (SS:4)
sS4 devices.
« Optional + Trips incoming feeder HV side circuit breaker with T2 relay after CBFP
S5 time delay.
© Arcteq Relays Ltd 20
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Input Connects to Action
+ BO1 of outgoing
feeder AQ-101 (SS:4)
BI2 .
devices.
* Receives light signal.
Bl1 + N/A + N/A

Figure. 3.2.1 - 11. Logic matrix of the incoming feeder AQ-110P (SS:2a) device.

OUTPUTS

T1 T2 T4 HSO1 | HSO2 | AQD
S1 x* x" X' CBFP!
S2 Xl X1 Xl Xl X2
$3,54,5S5 x> | cBFP'| X x| X
Lext> (BI2) x' | cBFPY| X x* x>
I> (phase currents)
lo> (residual current)

1. Activates only if channel has been set to light only mode or if any overcurrent signal (I> or lo>) is
ON.
2. Activates only if phase overcurrent signal (I>) is ON.

Figure. 3.2.1 - 12. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) device.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On/ Off |{[_H| 8 S1:L>/L>+1> )M 8
Pulse blocking: On / Off [f__ml 7 S2:L>/L>+1> |§___HN 7
(reserved) [[__HH 6 L>/L>+I> M 6
S5: Fiber loop /AQD [[[__E}Y 5 a/b E__ 5
FAST/CBFP [{[__H|Y 4 B 4
100 ms /150 ms [f_H[Y 3 Scheme [ w3
I>1A/5A |f[_EN 2 selection w2
10>:1A/5A [[[__m}H 1 W] 1
3.2.2 Outgoing feeders AQ-101 (SS:4)
Table. 3.2.2 - 14. Outputs of the outgoing feeder AQ-101 (SS:4) devices.
Output Connects to Action
T "Left side" outgoing feeder circuit breaker.
Opens circuit breaker.
T2 "Right side" outgoing feeder circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 BI2 of incoming feeder AQ-110P (SS:2a) device. Sends light signal.
21 © Arcteq Relays Ltd
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Table. 3.2.2 - 15. Inputs of the outgoing feeder AQ-101 (SS:4) devices.

Input Connects to Action

+ HSO1 of incoming

feec_ier AQ-110P (SS:23) If a sensor channel has been set to "Light and current" mode,
Bl1 device. o . !
: this input must be active for the sensor channel to trip.
* Receives overcurrent or earth
fault signal.

» HSO2 of incoming
BI2 ;e:V?sé AQ-110P (SS:22) Trips both outgoing feeder circuit breakers with T1 and T2.

» Receives master trip signal.

Lo - ) Trips "left side" outgoing feeder with T1 relay.
S1 Cléeg}esféemo:’tr?gggtfeeder Sends light signal to incoming feeder AQ-110P (SS:2a) device

P ' with BO1 after CBFP time delay.

.o i . Trips "right side" outgoing feeder with T2 relay.

s2 nglzt;drﬁ ;’fgg‘;‘gﬁ feeder Sends light signal to incoming feeder AQ-110P (SS:2a) device
P ' with BO1 after CBFP time delay.

+ "Left side" outgoing feeder
S3 circuit breaker compartment

» Busbar compartment

. "Right side” outgoing feeder Sgnds light signal to incoming feeder AQ-110P (SS:2a) device

2 with BO1.

S4 circuit breaker compartment

» Busbar compartment
S5 + Optional

Figure. 3.2.2 - 13. Logic matrix of the outgoing feeder AQ-101 (SS:4) devices.

OUTPUTS
s1 x! x CBFP
S2 X' X' CBFP
S3,54, S5 x* X
Master Trip (BI2) X X X

1. Activates only if channel has been set to light only mode or overcurrent signal (Bl1) is ON.

Figure. 3.2.2 - 14. Recommended DIP switch settings of the outgoing feeder AQ-101 (SS:4) devices.

L>/L>+ 1>
S1:L>/L>+1I>
Latch: On / Off

100 ms / 150 ms

Scheme
selection

© Arcteq Relays Ltd
IM00068
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3.2.3 Connections

Figure. 3.2.3 - 15. I/O connections of master trips as well as light and overcurrent signals.

Incoming feeder Outgoing feeders
AQ-110P SS:2a AQ-101SS:4
X3 X1 X2 X1
HS02| (HSO1 BI2 (BN BO1)( BI2 )
+ + + — + — — + ||+ —
[21[3T4 14115 14115 12113 ][14115
v A A

DC Supply (VDC) +
Master frip

Overcurrent
> *

© Arcteq Relays Ltd
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3.3 One incoming feeder — four outgoing feeders per device

Figure. 3.3 - 16. Single-line diagram for an application with four outgoing feeders per device (without a tie
breaker).

I IR i

This is a fully selective scheme for protecting substations with one (1) incoming feeder and up to 80
outgoing feeders. The scheme uses the following basic logic:

Table. 3.3 - 16. Simplified operation logic description.

Fault location Circuit breaker to trip CBFP trip

» The outgoing feeder with the | < Incoming feeder

» Outgoing feeder cable compartment fault - All outgoing feeders

© Arcteq Relays Ltd 24
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Fault location

Outgoing feeder circuit breaker
compartment

3 Without a tie breaker

Circuit breaker to trip CBFP trip

Incoming feeder HV side of the incoming

compartment

« Busbar compartment » All outgoing feeders feeder
* Incoming feeder
* Incoming feeder circuit breaker » HV side of the incoming . NA

feeder
All outgoing feeders

Incoming feeder cable compartment

Incoming feeder
HV side of the incoming
feeder

All outgoing feeders

3.3.1 Incoming feeder AQ-110P (SS:2a)

Table. 3.3.1 - 17. Outputs of the incoming

feeder AQ-110P (SS:2a) device.

Output Connects to Action
T1 Incoming feeder circuit breaker.
Opens circuit breaker.
T2 Incoming feeder HV side circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 N/A N/A
HSO1 BI1 of outgoing feeder AQ-103 (SS:4) devices. Sends overcurrent and earth fault signals.
HSO2 | BI2 of outgoing feeder AQ-103 (SS:4) devices. Sends master trip signal.

Table. 3.3.1 - 18. Inputs of the incoming feeder AQ-110P (SS:2a) device.

Input Connects to Action
IL1, . .
IL2 » Sensor channels and externgl light signal (B_I_2) can be s_et up to_us_e
”_3’ - Incoming feeder overcurrent and earth fault signal as an additional criterion for tripping.
' » Overcurrent and earth fault signal can be sent to outgoing feeder
o AQ-103 (SS:4) devices with HSO1.
+ Trips incoming feeder circuit breaker with T1 relay.
+ Trips incoming feeder HV side circuit breaker with T2 relay.
* Incoming feeder cable | < Sends master trip signal with HSO2 to outgoing feeder AQ-103 (SS:4)
S1 : .
compartment. devices after CBFP time delay.
+ This channel must be set to "Light only" mode if current measurement
point is located after the sensor.
+ Incoming + Trips incoming feeder circuit breaker with T1 relay.
s feeder circuit breaker + Trips incoming feeder HV side circuit breaker with T2 relay.
» Sends master trip signal with HSO2 to outgoing feeder AQ-103 (SS:4)
compartment. devices.

25
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Input Connects to Action
S3 * Busbar compartment.
S4 o . o .
. Optional + Trips incoming feeder circuit breaker with T1 relay.
S5 » Sends master trip signal with HSO2 to outgoing feeder AQ-103 (SS:4)
devices.
+ Trips incoming feeder HV side circuit breaker with T2 relay after CBFP
+ BO1 of outgoing time delay.
feeder AQ-103 (SS:4)
BI2 .
devices.
» Receives light signal.
BI1 + N/A « N/A

Figure. 3.3.1 - 17. Logic matrix of the incoming feeder AQ-110P (SS:2a) device.

OUTPUTS
S1 x* x* x* CBFP!
S2 Xl X1 Xl Xl XZ
$3,54,55 x| CBFP'| X x' | K
Lext> (BI2) x' | cBFP'| X! X' X
I> (phase currents)
lo> (residual current)

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1> or lo>) is
ON.
2. Activates only if phase overcurrent signal (I>) is ON.

Figure. 3.3.1 - 18. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) device.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On / Off |{_H[Y 8 S1:L>/L>+1> |[__H} 8
Pulse blocking: On/ Off [f{[__m§ 7 S2:L>/L>+1> W 7
(reserved) LM 6 L>/L>+1> [{__H 6
S5: Fiber loop /AQD |[_H} 5 a/b [[E___ 5
FAST/CBFP || __H}N 4 W} 4
100 ms /150 ms |f__m 3 Scheme [ || 3
I>1A/5A [i_m} 2 selection | 2
10>:1A/5A |__E[ 1 |} 1

3.3.2 Outgoing feeders AQ-103 (SS:4)

Table. 3.3.2 - 19. Outputs of the outgoing feeder AQ-103 (SS:4) devices.

Connects to Action
T1 Outgoing feeder circuit breaker #1.
Opens circuit breaker.
T2 Outgoing feeder circuit breaker #2.
© Arcteq Relays Ltd 26
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Output Connects to Action
T3 Outgoing feeder circuit breaker #3.
T4 Outgoing feeder circuit breaker #4.
BO1 BI2 of incoming feeder AQ-110P SS:2a device. Sends light signal.
HSO N/A N/A

Table. 3.3.2 - 20. Inputs of the outgoing feeder AQ-103 (SS:4) devices.

Input Connects to Action
* HSO1 of incoming
feeqer AQ-110P (83:2a) If the AQ-103 device has been set to "Light and current" mode,
Bl1 device. o . )
. this input must be active for the sensor channel to trip.
* Receives overcurrent or
earth fault signal.
* HSO2 of incoming
BI2 ;eeevciiceg AQ-110P (SS:22) Trips all four outgoing feeders with T1, T2, T3 and T4 relays.
» Receives master trip signal.
S1-S4 | + Busbar compartment
S5 * Optional
. o Sends light signal to incoming feeder AQ-110P (SS:2a) device
+ Outgoing feeder circuit with BO1.
S6-S9 breaker compartments #1
to 4.
S10 » Optional
. . Trips outgoing feeder #1 with T1 relay.
S11 S;;goé??mfgﬁfgq cable Sends light signal to incoming feeder AQ-110P SS:2a device
P : with BO1 after CBFP time delay.
. . Trips outgoing feeder #2 with T2 relay.
512 outgong feeder cable Sends light signal to incoming feeder AQ-110P SS:2a device
P ' with BO1 after CBFP time delay.
. . Trips outgoing feeder #3 with T3 relay.
S13 S;;goa'l':f’mfgﬁfggcab'e Sends light signal to incoming feeder AQ-110P SS:2a device
P ' with BO1 after CBFP time delay.
. . Trips outgoing feeder #4 with T4 relay.
S14 S(;Jr;go;rr]tgmfgﬁijzzcable Sends light signal to incoming feeder AQ-110P SS:2a device
P ' with BO1 after CBFP time delay.
s15 . Optional S_ends light signal to incoming feeder AQ-110P (SS:2a) device
with BO1.

27
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Figure. 3.3.2 - 19. Logic matrix of the outgoing feeder AQ-103 (SS:4) devices.

OUTPUTS

T3 T4 BO1
$1-510 X
s11 x* CBFP
s12 X CBFP
513 x* CBFP
514 X' CBFP
S15 X
Master Trip (BI2) X X X X

1. Activates only if channels have been set to light only mode or overcurrent signal (BI1) is ON.

Figure. 3.3.2 - 20. Recommended DIP switch settings of the outgoing feeder AQ-103 (SS:4) devices.

ON SW1 OFF
8

L>/L>+1>

S5: Fiber loop / AQD
Latch: On / Off
Blocking function

(reserved)

Scheme
selection

. NWhooo N

3.3.3 Connections

Figure. 3.3.3 - 21. /O connections of master trips as well as light and overcurrent signals.

Incoming feeder Outgoing feeders
AQ-110P SS:2a AQ-103 SS:4
X3 X1 X2 X1
HSO2| (HSO1 BI2 BI1 BO1 |[ BI2
+ + |||+ — + —|||[= +]||l+ =
[2][3T4 14115 Lzms 12 [13][14 115
v A A
DCSupply (VvDO) *
Master trip
Overcurrent
L> "_'
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3.4 Multiple incoming feeders — one outgoing feeder per device

Figure. 3.4 - 22. Single-line diagram for an application with multiple incoming feeders and one outgoing feeder per

device (without a tie breaker).

3
2

3
2

R
2

This is a fully selective scheme for protecting substations with two or more incoming feeders. The
operation logic is identical to previous schemes with one incoming feeder.

While this chapter uses AQ-101 with SS:1 for the outgoing feeders, it is possible to use AQ-101 with
SS:4 or AQ-103 with SS:4 instead to increase the maximum number of outgoing feeders. Up to 20
devices can be connected to the "Master device". Each additional incoming feeder deducts from
maximum number of outgoing feeder protection devices that can be connected. When designing arc
protection solution for a very large substation, please contact your nearest Arcteq representative for

more information.

Table. 3.4 - 21. Simplified operation logic description.

Fault location

» Qutgoing feeder cable
compartment

Circuit breaker to trip

» The outgoing feeder with the fault

CBFP trip

All incoming feeders
All outgoing feeders

» Outgoing feeder circuit breaker
compartment
» Busbar compartment

* Allincoming feeders
» All outgoing feeders

HV side of incoming
feeders

29
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Fault location Circuit breaker to trip CBFP trip
» Allincoming feeders
* Incoming feeder circuit breaker » HV side of incoming feeder with » HV side of other incoming

compartment the fault feeders
» All outgoing feeders

* The incoming feeder with the fault
+ HV side of the incoming feeder
with the fault

* Incoming feeder cable
compartment

» All outgoing feeders
» Other incoming feeders

Table. 3.4 - 22. Scheme characteristics

. . Number of Number of incoming feeders / outgoing
Device role Device type .
devices feeders protected
Master incoming feeder AQ-110P y y
device (SS:2a)
Follower incoming feeder | AQ-110P 1 5 1 5
devices (SS:4a)
AQ-101
(SS:1) 1..19 1..19
Outgoing feeder device AQ-101
options (SS:4) 1..19 2..38
AQ-103
(SS:4) 1..19 4..76

3.4.1 Master incoming feeder AQ-110P (SS:2a)

Table. 3.4.1 - 23. Outputs of the master incoming feeder AQ-110P (SS:2a) device.

Qutput Connects to Action
T1 Incoming feeder circuit breaker.
Opens circuit breaker.
T2 Incoming feeder HV side circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 N/A N/A
HSO1 | BI1 of outgoing feeder AQ-101 (SS:1) devices. Sends overcurrent and earth fault signals.

BI2 of outgoing feeder AQ-101 (SS:1) devices.
HSO2 Sends master trip signal.
BI1 of follower incoming feeder AQ-110P (SS:4a) devices.

© Arcteq Relays Ltd 30
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Table. 3.4.1 - 24. Inputs of the master incoming feeder AQ-110P (SS:2a) device.

Input Connects to Action
IL1,
IL2,
IL3 * Incoming feeder.
lo Sensor channels and external light signal (BI2) can be set up to
require overcurrent, earth fault or external current signal as an
additional criterion for tripping.
) .HSO1.Of follower Current signals are sent to outgoing feeder AQ-101 (SS:1) devices
incoming feeder with HSO1.
AQ-110P (SS:4a)
BI1 .
devices.
+ External overcurrent or
earth fault signal.
Trips incoming feeder circuit breaker with T1 relay.
Trips incoming feeder HV side circuit breaker with T2 relay.
Sends master trip signal with HSO2 to outgoing feeder AQ-101
s * Incoming feeder cable (SS:1) devices after CBFP time delay.
compartment. Sends master trip signal with HSO2 to follower incoming feeder
AQ-110P (SS:4a) devices after CBFP time delay.
This channel must be set to "Light only" mode if current measurement
point is located after the sensor.
Trips incoming feeder circuit breaker with T1 relay.
Trips incoming feeder HV side circuit breaker with T2 relay.
*+ Incoming feeder circuit Sends master trip signal with HSO2 to outgoing feeder AQ-101
S2 . .
breaker compartment. (SS:1) devices.
Sends master trip signal with HSO2 to follower incoming feeder
AQ-110P (SS:4a) devices.
S3 + Busbar compartment.
S4
+ Optional Trips incoming feeder circuit breaker with T1 relay.
S5 Sends master trip signal with HSO2 to outgoing feeder AQ-101
(SS:1) devices.
« BO1 of outgoing feeder Sends master trip signal with HSO2 to follower incoming feeder
AQ-101 (SS:1) devices. AQ-110P (SS:4a) devices.
« BO1 of follower Trips incoming feeder HV side circuit breaker with T2 relay after
BI2 incoming feeder CBFP time delay.
AQ-110P (SS:4a)
device.
* Receives light signal.
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Figure. 3.4.1 - 23. Logic matrix of the master incoming feeder AQ-110P (SS:2a) device.

OUTPUTS
S1 X' X! X! CBFP
S2 Xl Xl Xl Xl X2
$3,54,55 x| cerPt| X! x* X
Lext> (BI2) x' | cBrPt| X x' x°
lext> (BI1) X
I> (phase currents)
lo> (residual current)

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1>, lo> or BI1)
is ON.
2. Activates only if phase overcurrent signal (I>) is ON.

Figure. 3.4.1 - 24. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) device.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On / Off |}_H[Y 8 S1:L>/L>+1> [{[__H 8
Pulse blocking: On/ Off [f{[__m§ 7 S2:L>/L>+1> W7
(reserved) (M| 6 L>/L>+1> [f__H 6
S5: Fiber loop /AQD [[[__E} 5 a/b m__| 5
FAST/CBFP || __H}N 4 | W) 4
100 ms /150 ms [ __®}| 3 Scheme [ w3
I>1A/5A __m} 2 selection w2
10>:1A/5A |[_m[Y 1 | W[ 1

3.4.2 Follower incoming feeders AQ-110P (SS:4a)

Table. 3.4.2 - 25. Outputs of the follower incoming feeder AQ-110P (SS:4a) devices.

Output Connects to Action
T Incoming feeder circuit breaker.

Opens circuit breaker.
T2 Incoming feeder HV side circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.

BO1 BI2 of master incoming feeder AQ-110P (SS:2a) device. Sends light signals.

Bl1 of master incoming feeder AQ-110P (SS:2a) device.

HSOT BI2 of follower incoming feeder AQ-110P (SS:4a) devices. Sends overcurrent and earth fault signals.
HSO2 | N/A N/A
© Arcteq Relays Ltd 32
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Table. 3.4.2 - 26. Inputs of the follower incoming feeder AQ-110P (SS:4a) devices.

Action

Sensor channels and external light signal (BI2) can be set up to
require overcurrent or earth fault signal as an additional criterion
for tripping.

Overcurrent and earth fault signals are sent to all incoming
feeder AQ-110P devices with HSO1.

Sensor channels can be set up to require overcurrent signal as an
additional criterion for tripping.

Trips incoming feeder circuit breaker with T1 relay.

Trips incoming feeder HV side circuit breaker with T2 relay.
Sends light signal with BO1 to master incoming feeder AQ-110P
(SS:2a) device after a CBFP time delay.

This channel must be set to "Light only" mode if current
measurement point is located after the sensor.

Trips incoming feeder circuit breaker with T1 relay.

Trips incoming feeder HV side circuit breaker with T2 relay.
Sends light signal with BO1 to master incoming feeder AQ-110P
(SS:2a) device.

Trips incoming feeder circuit breaker with T1 relay.

Sends light signal with BO1 to master incoming feeder AQ-110P
(SS:2a) device.

Trips incoming feeder HV side circuit breaker with T2 relay after
CBFP time delay.

Input Connects to
IL1,
L2,
IL3 * Incoming feeder.
lo
+ HSO1 of follower incoming
feeder AQ-110P (SS:4a)
BI2 devices.
+ External overcurrent or
earth fault signal.
s * Incoming feeder cable
compartment.
* Incoming feeder circuit
S2
breaker compartment.
S3 * Busbar compartment.
S4
+ Optional
S5
+ HSO2 of master incoming
feeder AQ-110P (SS:2a)
Bl1 device.
* Receives master trip
signal.

Trips incoming feeder circuit breaker with T1 relay.

Trips incoming feeder HV side circuit breaker with T2 relay after
CBFP time delay. This requires overcurrent or earth fault to be
detected.

Figure. 3.4.2 - 25. Logic matrix of the follower incoming feeder AQ-110P (SS:4a) devices.

OUTPUTS
S1 Xl Xl Xl Xl
S2 xl Xl Xl X
$3,54,S5 X" CBFP' X" x
Master trip (BI1) X CBEP?2 X
1> (phase currents) X
lo> (residual current) X

33

Activates only if channel has been set to light only mode or if any overcurrent signal (1>, 10> or BI2)

is ON.

Activates only if any overcurrent signal (1>, lo> or BI2) is ON.
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Figure. 3.4.2 - 26. Recommended DIP switch settings of the follower incoming feeder AQ-110P (SS:4a) devices.

T1/T2 latch: On / Off

Pulse bloc

S5: Fiber loop / AQD
FAST / CBFP
100 ms /150 ms

ON SW2 OFF

8

king: On / Off
(reserved)

I>:1A/5A
10>:1A/5A

= NDWhrOO N

ON SW1 OFF
S1:L>/L>+1> [ _H}} 8
S2:L>/L>+1> W 7

L>/L>+1> W 6
a/b l__[| 5

| W] 4

Scheme w3
selection [ w2
| W 1

3.4.3 Outgoing feeders AQ-101 (SS:1)

Table. 3.4.3 - 27. Outputs of the outgoing feeder AQ-101 (SS:1) devices.

Output Connects to Action
T Outgoing feeder circuit breaker. Opens circuit breaker.
T2 N/A N/A
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 BI2 of master incoming feeder AQ-110P (SS:2a) device. Sends light signal.

Table. 3.4.3 - 28. Inputs of the outgoing feeder AQ-101 (SS:1) devices.

Input Connects to Action
* HSO1 of master incoming
feeder AQ-110P (SS:22) + If a sensor channel has been set to "Light and current" mode,
BI1 device. o . '
: this input must be active for the sensor channel to trip.
* Receives overcurrent or earth
fault signal.
» HSO2 of master incoming
BI2 feeder AQ-110P (SS:2a) + Trips outgoing feeder with T1 relay.
device.
* Receives master trip signal.
. . + Trips outgoing feeder with T1 relay.
S1 S;Jr;goe::?nfgﬁ?er cable + Sends light signal to master incoming feeder AQ-110P (SS:2a)
P ' device with BO1 after CBFP time delay.
» Qutgoing feeder circuit
S2
breaker compartment.
S3 « Busbar compartment. + Sends light signal to master incoming feeder AQ-110P (SS:2a)
device with BO1.
S4
+ Optional
S5

© Arcteq Relays Ltd
IM00068



AQ-SAS MV Standard Arc Schemes

) 3 Without a tie breaker
Instruction manual

Version: 2.05

Figure. 3.4.3 - 27. Logic matrix of the outgoing feeder AQ-101 (SS:1) devices.

OUTPUTS
S1 x* x* CBFP
S2,S3, 54, S5 CBEP! X
Master Trip (BI2) X X

1. Activates only if channels have been set to light only mode or overcurrent signal (BI1) is ON.

Figure. 3.4.3 - 28. Recommended DIP switch settings the outgoing feeder AQ-101 (SS:1) devices.

ON SW1 OFF

L>/L>+1>
S1:L>/L>+1I>
Latch: On / Off
100 ms / 150 ms

Scheme
selection

“NWh oo N

3.4.4 Connections

Figure. 3.4.4 - 29. /O connections of master trips as well as light and overcurrent signals.

Master incoming feeder Follower incoming feeders Outgoing feeders
AQ-110P SS:2a AQ-110P SS:4a AQ-101S55:1
X3 X2 X1 X3 X2 X1 X2 X1
HSO02| (HSO1 BI1 BI2 {HSCH BI1 (801 Bl2 BI1 W BO1 Bl2
+ + + — + — + + — — + — + — — + ||+ —
[e][314 lwi 1411 [314 1411 [I3][4]1 1115 23141
v A A A
DCSupply (VDC) *+
Overcurrent AQ-110
Overcurrent AQ-101
Master trip
Light *
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This chapter lists various typical arc protection application solutions for substations with one tie
breaker and explains their differences (advantages, disadvantages, hardware used etc.). The device
types, the used logic schemes and the wiring vary between the solutions, but the basic operation logic
is the same in all of them. Suggested schemes in this chapter are completely selective. Later chapters
explain the design and operation of each suggested solution in higher detail. At the end of this
document, you can find available modifications to these typical setups.

Figure. 4 - 30. Position of each point sensor in a substation.
(6) '
(3) (4) (3)

2 (X 2 (X 2 (X 2 X
N B XX
(M ' (1) ' (1 ' (1 '

(5)
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Table. 4 - 29. Simplified arc protection operation logic in a substation without tie breakers.

Fault location

Outgoing feeder cable
compartment

Circuit breaker to trip

The outgoing feeder with the
fault

CBFP trip

Incoming feeder in the same
busbar section

Outgoing feeders in the
same busbar section

Tie breaker

Outgoing feeder circuit breaker
compartment

Busbar compartment

Incoming feeder in the
same busbar section
Outgoing feeders in the
same busbar section
Tie breaker

HV side of the incoming feeder

Tie breaker compartment

All incoming feeders
Tie breaker
All outgoing feeders

HV side of incoming feeders

Incoming feeder circuit breaker
compartment

Incoming feeder with the fault
HV side of the incoming feeder
Tie breaker

Outgoing feeders in the

same busbar section

N/A

Incoming feeder cable
compartment

The incoming feeder with the
fault
HV side of the incoming feeder

Outgoing feeders in the
same busbar section
Tie breaker

Incoming feeder protection

Each suggested incoming feeder protection solution has point sensors installed to cable
compartments, circuit breaker compartments and busbar compartments. One channel can be used
for monitoring each the tie breaker compartment. Incoming feeder devices exchange information (light,
master trip and current signals) with outgoing feeder devices and other incoming feeder devices with I/
O. Up to six incoming feeders can be protected.
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Figure. 4 - 31. Typical point sensor positions in incoming feeders with suggested devices and schemes.
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Table. 4 - 30. Devices installed to incoming feeders.

Device type (scheme Description

number)

» Both busbar sections have their own "Master incoming feeder" device.

» Can detect overcurrents and earth faults. Can share current signals with other
devices.

» "Master incoming feeders" devices exchange signals with I/O.

AQ-110P (SS:2a) » Sends master trip and current signals to outgoing feeder devices in the same
busbar section.

» At most 20 external devices can be connected to this device with I/0.

» Tie breaker compartment can be monitored with one of the light sensor
channels.

» "Follower incoming feeder" device.

« Used if there is more than one incoming feeder in the same busbar section.

AQ-110P (SS:7a) » Up to four (4) "Follower incoming feeder" devices can be installed into a
substation.

» Sends light and overcurrent signals to "Master incoming feeder" devices.

Outgoing feeder protection

Each suggested outgoing feeder protection solution has point sensors installed to cable
compartments, circuit breaker compartments and busbar compartments. Outgoing feeder protection
devices exchange information (light, master trip and current signals) with "Master incoming feeder"
device with I/O.
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Figure. 4 - 32. Typical point sensor positions in outgoing feeders with suggested devices and schemes.

Table. 4 - 31. Devices installed to outgoing feeders.

Device type

(scheme Description
number)

» Monitors one outgoing feeder per device.

AQ-101(8S8:1) |, Max. 38 outgoing feeders per substation.
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Device type

(scheme Description
number)

Advantages:

» Fault location can be indicated with high accuracy with LEDs.
» Only one outgoing feeder is unprotected in case of device failure.

Disadvantages:

» Lower maximum number of outgoing feeders compared to other schemes.
» More devices to install.

* Monitors max. two outgoing feeders per device.
* Max. 76 outgoing feeders per substation.

Advantages:

» Fewer protection devices needed for outgoing feeders compared to AQ-101 (SS:1).
» Less wires to install for I/O.

AQ-101(SS4) |, Less cables to wire for point sensors.

Disadvantages:

» If a fault occurs either in the outgoing feeder circuit breaker compartment or in the busbar
compartment the location is not indicated as accurately with LEDs as with other options.
» Two outgoing feeders are unprotected at once in case of device failure.

» Monitors max. four outgoing feeders per device.
» Max. 152 outgoing feeders per substation.

Advantages:

» Fewest number of devices to install to outgoing feeders.

» Fault location can be indicated with high accuracy with LEDs.

» Fewest number of I/O to wire.

» Ability to report signals to SCADA with Modbus connection (order option).

AQ-103 (SS:4)

Disadvantages:

» Four outgoing feeders are unprotected at once in case of device failure.
» One point sensor per channel. More point sensor cables to run.

NOTICE!

Up to 20 devices can be connected to one "Master device". "Maximum number of outgoing
feeders per substation" stated for each solution assumes that the substation has only one
incoming feeder per busbar section that the outgoing feeders are divided evenly between
the two busbar sections. Each additional incoming feeder deducts from maximum number
of outgoing feeder protection devices that can be connected. When designing arc
protection solution for a very large substation, please contact your nearest Arcteq
representative for more information.
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4.1 Two incoming feeders — one outgoing feeder per device

Figure. 4.1 - 33. Single-line diagram for an application with two incoming feeders and one outgoing feeder per

device (with a tie breaker).
O O

1/0

==

This is a fully selective scheme for protecting substations with one (1) incoming feeder per busbar
section and up to 20 outgoing feeders per busbar section. The scheme uses the following basic logic:

Table. 4.1 - 32. Simplified operation logic description.

Fault location Circuit breaker to trip CBFP trip

* Incoming feeder in the same
busbar section

» Outgoing feeders in the same
busbar section

» Tie breaker

» Qutgoing feeder cable » The outgoing feeder with the
compartment fault

* Incoming feeder in the same

41

Outgoing feeder circuit breaker
compartment
Busbar compartment

busbar section

Outgoing feeders in the same
busbar section

Tie breaker

HV side of the incoming feeder

Tie breaker compartment

Both incoming feeders
Tie breaker
All outgoing feeders

HV side of both incoming
feeders
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Fault location

* Incoming feeder circuit breaker
compartment

Circuit breaker to trip

Incoming feeder with the fault
HV side of the incoming feeder
Tie breaker

Outgoing feeders in the same
busbar section

AQ-SAS MV Standard Arc Schemes

Instruction manual

Version: 2.05

CBFP trip

+ N/A

* Incoming feeder cable
compartment

The incoming feeder with the
fault
HV side of the incoming feeder

» Qutgoing feeders in the same
busbar section
» Tie breaker

4.1.1 Incoming feeders AQ-110P (SS:2a)

Table. 4.1.1 - 33. Outputs of the incoming feeder AQ-110P (SS:2a) devices.

Output Connects to Action
T1 Incoming feeder circuit breaker.
T2 Incoming feeder HV side circuit breaker. Opens circuit breaker.

T3 Tie breaker.

T4 Alarming unit (optional). Trip alarm signal.

BO1 Slel/i(():fefhe other incoming feeder AQ-110P (SS:2a) Sends overcurrent and earth fault signals.

HSO1 BI1 of outgoing fe_eder AQ-101 (SS:1) devices in the | Sends overcurrent,_ earth fault and external
same busbar section. overcurrent (BI1) signals.

HSO2 BI2 of outgoing feeder AQ-101 (SS:1) devices in the Sends master trip signal.

same busbar section.

Table. 4.1.1 - 34. Inputs of the incoming feeder AQ-110P (SS:2a) devices.

Input Connects to Action

ILT, » Sensor channels and external light signal (BI2) can be set up
IL2, to require overcurrent or earth fault signal as an additional
IL3 criterion for tripping.

» Overcurrent and earth fault signals are sent to outgoing
feeder AQ-101 (SS:1) devices in the same busbar section
with HSO1.

+ Overcurrent and earth fault signals are sent to the other
AQ-110P (SS:2a) device with BO1.

* Incoming feeder.

» Sensor channels and external light signal (BI2) can be set up
to require overcurrent signal as an additional criterion for
tripping.

» External current signal is sent forward to outgoing feeder
AQ-101 (SS:1) devices in the same busbar section with
HSO1.

+ BO1 of the other incoming
feeder AQ-110P (SS:2a)

BI1 device.

» External overcurrent or earth
fault signal.
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Input Connects to Action
+ Trips incoming feeder circuit breaker with T1 relay.
+ Trips incoming feeder HV side circuit breaker with T2 relay.
+ Trips the tie breaker with T3 relay after CBFP time delay.
S * Incoming feeder cable + Sends master trip signal with HSO2 to outgoing feeder
compartment. AQ-101 (SS:1) devices in the same busbar section after
CBFP time delay.
+ This channel must be set to "Light only" mode if current
measurement point is located after the sensor.
« Trips incoming feeder circuit breaker with T1 relay.
. oo + Trips incoming feeder HV side circuit breaker with T2 relay.
* Incoming feeder circuit breaker . . .
S2 compartment  Trips the tie breaker with T3 relay.
' » Sends master trip signal with HSO2 to outgoing feeder
AQ-101 (SS:1) devices in the same busbar section.
S3 * Busbar compartment.
S4 * Tie breaker compartment. « Trips incoming feeder circuit breaker with T1 relay.
 Trips the tie breaker with T3 relay.
s5 - Optional. + Sends master trip signal with HSOZ2 to outgoing feeder
AQ-101 (SS:1) devices in the same busbar section.
, + Trips incoming feeder HV side circuit breaker with T2
* BO1 of outgoing feeder relay after CBFP time delay.
AQ-101 (SS:1) devices in the
BI2 .
same busbar section.
* Receives light signal.

Figure. 4.1.1 - 34. Logic matrix of the incoming feeder AQ-110P (SS:2a) devices.

OUTPUTS
oy x x' | cBrPt| X! CBFP*
$3,54,S5 x> | cBrP!| X! x* x* x>
Lext> (BI2) X CBFP' | x* x! x X2

lext> (BI1)
1> (phase currents)
lo> (residual current)

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1>, lo> or
lext>) is ON.
2. Activates only if phase overcurrent signal (I>) is ON.

43 © Arcteq Relays Ltd
IM00068



AQ-SAS MV Standard Arc Schemes

4 With one tie breaker ;
Instruction manual

Version: 2.05

Figure. 4.1.1 - 35. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) devices.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On/ Off )M} 8 S1:L>/L>+1> [f{[__H| 8
Pulse blocking: On / Off |F_ml 7 S2:L>/L>+1> |f___HN 7
(reserved) (M| 6 L>/L>+1> [}_H 6
S5: Fiber loop /AQD [{[_H|Y 5 a/b (il ___|H 5
FAST/CBFP [[__H|Y 4 B 4
100 ms /150 ms |f__m 3 Scheme [ || 3
I>1A/5A [i_m} 2 selection o
10>:1A/5A [[[__m}H 1 | B 1
4.1.2 Outgoing feeders AQ-101 (SS:1)
Table. 4.1.2 - 35. Outputs of the outgoing feeder AQ-101 (SS:1) devices.
Output Connects to Action
T1 Outgoing feeder circuit breaker. Opens circuit breaker.
T2 N/A N/A
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 BI2 of incoming feeder AQ-110P (SS:2a) device in the same busbar section. | Sends light signal.

Table. 4.1.2 - 36. Inputs of the outgoing feeder AQ-101 (SS:1) devices.

Input Connects to Action
+ HSO1 of incoming feeder AQ-110P
(SS:2a) device in the same busbar + If a sensor channel has been set to "Light and current"
Bi1 section. mode, this input must be active for the sensor channel to
» Receives overcurrent or earth fault trip.
signal.
+ HSO2 of incoming feeder AQ-110P
BI2 (SS:?a) device in the same busbar  Trips outgoing feeder with T1 relay.
section.
» Receives master trip signal.
 Trips outgoing feeder with T1 relay.
s » QOutgoing feeder cable » Sends light signal to incoming feeder AQ-110P
compartment. (SS:2a) device in the same busbar section with BO1 after
CBFP time delay.
s » Outgoing feeder circuit breaker
compartment.
sS3 « Busbar compartment. + Sends light signal to incoming feeder AQ-110P (SS:2a)
device in the same busbar section with BO1.
S4
+ Optional.
S5
© Arcteq Relays Ltd 44
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Figure. 4.1.2 - 36. Logic matrix of the outgoing feeder AQ-101 (SS:1) devices.

OUTPUTS
S1 x* x* CBFP
S2,S3, 54, S5 CBEP! X
Master Trip (BI2) X X

1. Activates only if channel has been set to light only mode or overcurrent signal (Bl1) is ON.

Figure. 4.1.2 - 37. Recommended DIP switch settings of the outgoing feeder AQ-101 (SS:1) devices.

ON SW1 OFF

L>/L>+1>
S1:L>/L>+1I>
Latch: On / Off
100 ms / 150 ms

Scheme
selection

4.1.3 Connections

“NWh oo N

Figure. 4.1.3 - 38. I/O connections of overcurrent signals.

Incoming feeder Outgoing feeders
AQ-110P SS:2a AQ-1015SS:1
X3 X1 X2

(Oal

Left side HSo1) |( B ) (BO1 (B
3[4 I 12113 14711

DC Supply (VDO) * :_L_: ]

) ] _d o
Current AQ-101 (Left)
Current & Light AQ-110 (Left) ©
Current & Light AQ-110 (Right) *
Current AQ-101 (Right)
A\ 4
3T4] |4l | [Es [T
Righf side Hsol Bn . LBol “Bin
X3 X1 X2
Incoming feeder Outgoing feeders
AQ-110P SS:2a AQ-101S5:1
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Figure. 4.1.3 - 39. I/O connections of master trip and light signals.

Incoming feeder
AQ-110P SS:2a

Outgoing feeders

AQ-10155:1

X3

X1

HSO02 ([ BI2 )
+ + —
[ 2 14 ] 15

X1

(BO1 [ BI2 |
12113114115

AQ-SAS MV Standard Arc Schemes
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Left side

* DCSupply (v DO)
® * Master trip (Left)
| 1 * Light (Left)
? Master trip (Right)
) . * Light (Right)

A Y

1Te] | [4T5s e (131115

HsO2 | | BI2 8ot Biz) | Right side
X3 X1 X1

Incoming feeder

AQ-110P S5:2a

© Arcteq Relays Ltd
IM00068

Outgoing feeders

AQ-10155:1
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4.2 Two incoming feeders — two outgoing feeders per device

Figure. 4.2 - 40. Single-line diagram for an application with two incoming feeders and two outgoing feeders per

device (with a tie breaker).

g 3

) [
|

This is a fully selective scheme for protecting substations with one (1) incoming feeder per busbar
section and up to 40 outgoing feeders per busbar section. The scheme uses the following basic logic:

Table. 4.2 - 37. Simplified operation logic description.

47

Fault location

Outgoing feeder cable
compartment

Circuit breaker to trip

The outgoing feeder with the
fault

CBFP trip

Incoming feeder in the same
busbar section

Outgoing feeders in the
same busbar section

Tie breaker

Outgoing feeder circuit
breaker compartment
Busbar compartment

Incoming feeder in the same
busbar section

Outgoing feeders in the same
busbar section

Tie breaker

HV side of the incoming feeder

Tie breaker compartment

Both incoming feeders
All outgoing feeders
Tie breaker

HV side of the incoming feeders

Incoming feeder circuit breaker
compartment

The incoming feeder with the
fault

HV side of the incoming feeder
Outgoing feeders in the same
busbar section

Tie breaker

N/A
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Fault location Circuit breaker to trip CBFP trip

05

* The incoming feeder with the

* Incoming feeder cable fault
compartment + HVside
with the fault

busbar section

of the incoming feeder | | Tie breaker

» All outgoing feeders in the same

4.2.1 Incoming feeders AQ-110P (SS:2a)

Table. 4.2.1 - 38. Outputs of the incoming feeder AQ-110P (SS:2a) devices.

Output Connects to Action
T Incoming feeder circuit breaker.

T2 Incoming feeder HV side circuit breaker. Opens circuit breaker.

T3 Tie breaker.

T4 Alarming unit (optional). Trip alarm signal.

BI1 of the other incoming feeder AQ-110P (SS:2a)

same busbar section.

BO1 . Sends overcurrent and earth fault signals.
device.

HSO1 BI1 of outgoing feeder AQ-101 (SS:4) devices in the | Sends overcurrent, earth fault and external
same busbar section. overcurrent (BI1) signals.

HSO2 BI2 of outgoing feeder AQ-101 (SS:4) devices in the Sends master trip signal.

Table. 4.2.1 - 39. Inputs of the incoming feeder AQ-110P (SS:2a) devices.

Input

IL1,
IL2,
IL3

+ Incoming feeder.

Connects to

Action

Sensor channels and external light signal (BI2) can be set up
to require overcurrent or earth fault signal as an additional
criterion for tripping.

Overcurrent and earth fault signals are sent to outgoing
feeder AQ-101 (SS:4) devices in the same busbar section
with HSO1.

Overcurrent and earth fault signals are sent to the other
AQ-110P (SS:4) device with BO1.

BI1

+ BO1 of the other incoming

» External overcurrent or earth

feeder AQ-110P (SS:2a)
device.

fault signal.

Sensor channels and external light signal (BI2) can be set up
to require overcurrent signal as an additional criterion for
tripping.

External current signal is sent forward to outgoing feeder
AQ-101 (SS:4) devices in the same busbar section with
HSO1.
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Input Connects to Action
+ Trips incoming feeder circuit breaker with T1 relay.
+ Trips incoming feeder HV side circuit breaker with T2 relay.
+ Trips the tie breaker with T3 relay after CBFP time delay.
S * Incoming feeder cable + Sends master trip signal with HSO2 to outgoing feeder
compartment. AQ-101 (SS:4) devices in the same busbar section after
CBFP time delay.
+ This channel must be set to "Light only" mode if current
measurement point is located after the sensor.
« Trips incoming feeder circuit breaker with T1 relay.
. oo + Trips incoming feeder HV side circuit breaker with T2 relay.
* Incoming feeder circuit breaker . . .
S2 compartment  Trips the tie breaker with T3 relay.
' » Sends master trip signal with HSO2 to outgoing feeder
AQ-101 (SS:4) devices in the same busbar section.
S3 * Busbar compartment.
S4 * Tie breaker compartment. « Trips incoming feeder circuit breaker with T1 relay.
 Trips the tie breaker with T3 relay.
s5 - Optional + Sends master trip signal with HSOZ2 to outgoing feeder
AQ-101 (SS:4) devices in the same busbar section.
, + Trips incoming feeder HV side circuit breaker with T2
* BO1 of outgoing feeder relay after CBFP time delay.
AQ-101 (SS:4) devices in the
BI2 .
same busbar section.
* Receives light signal.

Figure. 4.2.1 - 41. Logic matrix of the incoming feeder AQ-110P (SS:2a) devices.

OUTPUTS
oy x x' | cBrPt| X! CBFP*
$3,54,S5 x> | cBrP!| X! x* x* x>
Lext> (BI2) X CBFP' | x* x! x X2

lext> (BI1)
1> (phase currents)
lo> (residual current)

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1>, lo> or
lext>) is ON.
2. Activates only if phase overcurrent signal (I>) is ON.
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Figure. 4.2.1 - 42. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) devices.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On / Off |{_H[Y 8 S1:L>/L>+1> [ W} 8
Pulse blocking: On / Off |F_ml 7 S2:L>/L>+1> |f___HN 7
(reserved) (M| 6 L>/L>+1> [}_H 6
S5: Fiber loop /AQD [[[__HJY 5 a/b E__ 5
FAST/CBFP || B} 4 | W[ 4
100 ms /150 ms |f__m 3 Scheme [ || 3
I>1A/5A [i_m} 2 selection o
10>:1A/5A [[__m[Y 1 | W[ 1

4.2.2 Outgoing feeders AQ-101 (SS:4)

Table. 4.2.2 - 40. Outputs of the outgoing feeder AQ-101 (SS:4) devices.

05

Output Connects to Action
T1 "Left side" outgoing feeder circuit breaker.
Opens circuit breaker.
T2 "Right side" outgoing feeder circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 BI2 of incoming feeder AQ-110P (SS:2a) device in the same busbar section. | Sends light signal.

Table. 4.2.2 - 41. Inputs of the outgoing feeder AQ-101 (SS:4) devices.

Input Connects to Action
+ HSO1 of incoming feeder AQ-110P
(SS:2a) device in the same busbar If a sensor channel has been set to "Light and current"
Bi1 section. mode, this input must be active for the sensor channel
» Receives overcurrent or earth fault to trip.
signal.
* HSO2 of incoming feeder AQ-110P
BI2 (SS:2a) device in the same busbar Trips both outgoing feeder circuit breakers with T1 and
section. T2.
» Receives master trip signal.
Lo - . Trips "left side" outgoing feeder with T1 relay.
S1 C';)er;t s;?temgﬁigomg feeder cable Sends light signal to incoming feeder AQ-110P (SS:2a)
P ' device with BO1 after CBFP time delay.
.o i ) Trips "right side" outgoing feeder with T2 relay.
S2 C@%htailfﬁegfthIng feeder cable Sends light signal to incoming feeder AQ-110P (SS:2a)
P ' device with BO1 after CBFP time delay.
» 'Left side" outgoing feeder circuit Sends light signal to incoming feeder AQ-110P (SS:2a)
S3 breaker compartment. . .
device with BO1.
+ Busbar compartment.
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Input Connects to Action

» "Right side" outgoing feeder circuit
S4 breaker compartment.
» Busbar compartment.

S5 + Optional

Figure. 4.2.2 - 43. Logic matrix of the outgoing feeder AQ-101 (SS:4) devices.

OUTPUTS
s1 x* X CBFP
s2 x* x* CBFP
$3,54, S5 X" X
Master Trip (BI2) X X X

1. Activates only if channel has been set to light only mode or overcurrent signal (BI1) is ON.

Figure. 4.2.2 - 44. Recommended DIP switch settings of the outgoing feeder AQ-101 (SS:4) devices.

ON SW1 OFF

L>/L>+1>
St1:L>/L>+1I>
Latch: On / Off

100 ms / 150 ms

Scheme
selection

“~NWhOTO N
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4.2.3 Connections

Figure. 4.2.3 - 45. 1/0O connections of overcurrent signals.

Incoming feeder
AQ-110P SS:2a

AQ-SAS MV Standard Arc Schemes
Instruction manual

Version: 2.05

Outgoing feeders
AQ-1015S:4

Left side

X3

X1

X2

HSO1 BI1 BO1 BI1
+ - + + —
314 I 12]13 14 [15

DC Supply (vDO) * :_L_:

Current AQ-101 (Left)
Current & Light AQ-110 (Left)

Current & Light AQ-110 (Right)
Current AQ-101 (Right)

+

Right side

© Arcteq Relays Ltd
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A 4

3[4 14 |
+
HSO1 BI1

2 I 14115
+ —
BO1 BI1

X3

X1

X2

Incoming feeder
AQ-110P SS:2a

Outgoing feeders
AQ-101SS:4
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Figure. 4.2.3 - 46. /O connections of master trip and light signals.

Incoming feeder Outgoing feeders
AQ-110P SS:2a AQ-101SS:4
X3 X1 X1
t 50+j‘ L’E'Z_J‘ {ED{ "E'E_j Left side
nraiRiiniG BT [l
I
+
™ DCSupply (VDO
* * Master trip (Left)
T
° | 1 ° ™ Light (Left)
? ? Master trip (Right)
+ . .
) . ™ Light (Right)
AY
1 |3_ 1-:_+|E EH_E Ll_llE
HsO2 | | BI2 8ot Biz) | Right side
X3 X1 X1
Incoming feeder Outgoing feeders
AQ-10P SS:2a AQ-1015S5:4
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4.3 Two incoming feeders — four outgoing feeder per device

Figure. 4.3 - 47. Single-line diagram for an application with two incoming feeders and four outgoing feeders per

device (with a tie breaker).

1/0

—=

This is a fully selective scheme for protecting substations with one (1) incoming feeder per busbar
section and up to 80 outgoing feeders per busbar section. The scheme uses the following basic logic:

Table. 4.3 - 42. Simplified operation logic description.

Fault location Circuit breaker to trip CBFP trip

* Incoming feeder in the
same busbar section

» Qutgoing feeders in the
same busbar section

» Tie breaker

» Outgoing feeder cable » The outgoing feeder with the
compartment fault

+ Incoming feeder in the same

« Qutgoing feeder circuit busbar section
breaker compartment » Outgoing feeders in the same * HV side of incoming feeder
« Busbar compartment busbar section

« Tie breaker

» Both incoming feeders
* Tie breaker compartment * Tie breaker
» All outgoing feeders

+ HV side of both incoming
feeders
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» Incoming feeder circuit breaker |
compartment .

Fault location Circuit breaker to trip

* The incoming feeder with the
fault

HV side of the incoming feeder
Outgoing feeders in the same
busbar section

+ Tie breaker

4 With one tie breaker

CBFP trip

+ N/A

* Incoming feeder cable
compartment .

* The incoming feeder with the
fault

HV side of the incoming feeder
with the fault

« All outgoing feeders in the same
busbar section
* Tie breaker

4.3.1 Incoming feeders AQ-110P (SS:2a)

Table. 4.3.1 - 43. Outputs of the incoming feeder AQ-110P (SS:2a) devices.

Output Connects to Action

T1 Incoming feeder circuit breaker.

T2 Incoming feeder HV side circuit breaker. Opens circuit breaker.

T3 Tie breaker.

T4 Alarming unit (optional). Trip alarm signal.

BO1 | BI1 of the other incoming feeder AQ-110P (SS:2a) device. Zgagfsovercurre”t and earth fault

HSO1 BI1 of outgoing feeder AQ-103 (SS:4) devices in the Sends overcurrent and earth fault
same busbar section. signals.

HSO2 BI2 of outgoing feeder AQ-103 (SS:4) devices in the Sends master trip signal.

same busbar section.

Table. 4.3.1 - 44. Inputs of the incoming feeder AQ-110P (SS:2a) devices.

Input

IL1,
IL2,
IL3

* Incoming feeder.

Connects to

criterion for tripping.

with HSO1.

Action

» Sensor channels and external light signal (BI2) can be set up
to require overcurrent or earth fault signal as an additional

» Overcurrent and earth fault signals are sent to outgoing
feeder AQ-103 (SS:4) devices in the same busbar section

» Overcurrent and earth fault signals are sent to the other
incoming feeder AQ-110P (SS:2a) device with BO1.

BI1

» BO1 of the other incoming

» External overcurrent or earth

feeder AQ-110P (SS:2a) triooin
device. ppINg.

fault signal. HSO1.

+ Sensor channels and external light signal (BI2) can be set up
to require overcurrent signal as an additional criteria for

« External current signal is sent forward to outgoing feeder
AQ-103 (SS:4) devices in the same busbar section with
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Input Connects to Action
+ Trips incoming feeder circuit breaker with T1 relay.
+ Trips incoming feeder HV side circuit breaker with T2 relay.
+ Trips the tie breaker with T3 relay after CBFP time delay.
S * Incoming feeder cable + Sends master trip signal with HSO2 to outgoing feeder
compartment. AQ-103 (SS:4) devices in the same busbar section after
CBFP time delay.
+ This channel must be set to "Light only" mode if current
measurement point is located after the sensor.
« Trips incoming feeder circuit breaker with T1 relay.
. oo + Trips incoming feeder HV side circuit breaker with T2 relay.
S2 * Incoming feeder circuit breaker « Trips the tie breaker with T3 relay.
compartment. P L . Y .
» Sends master trip signal with HSO2 to outgoing feeder
AQ-103 (SS:4) devices in the same busbar section.
S3 * Busbar compartment.
S4 * Tie breaker compartment. « Trips incoming feeder circuit breaker with T1 relay.
 Trips the tie breaker with T3 relay.
s5 - Optional + Sends master trip signal with HSOZ2 to outgoing feeder
AQ-103 (SS:4) devices in the same busbar section.
, + Trips incoming feeder HV side circuit breaker with T2
* BO1 of outgoing feeder relay after CBFP time delay.
AQ-103 (SS:4) devices in the
BI2 .
same busbar section.
* Receives light signal.

Figure. 4.3.1 - 48. Logic matrix of the incoming feeder AQ-110P (SS:2a) devices.

OUTPUTS
oy x x' | cBrPt| X! CBFP*
$3,54,S5 x> | cBrP!| X! x* x* x>
Lext> (BI2) X CBFP' | x* x! x X2

lext> (BI1)
1> (phase currents)
lo> (residual current)

1. Activates only if DIP-switch has been set to light only mode or if any overcurrent signal (1>, lo> or
lext>) is ON.
2. Activates only if phase overcurrent signal (I>) is ON.
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Figure. 4.3.1 - 49. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) devices.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On / Off |{_H[Y 8 S1:L>/L>+1> [ W} 8
Pulse blocking: On / Off |F_ml 7 S2:L>/L>+1> |f___HN 7
(reserved) (M| 6 L>/L>+1> [}_H 6
S5: Fiber loop /AQD [[[__HJY 5 a/b E__ 5
FAST/CBFP || B} 4 | W[ 4
100 ms /150 ms |f__m 3 Scheme [ || 3
I>1A/5A [i_m} 2 selection o
10>:1A/5A [[__m[Y 1 | W[ 1

4.3.2 Outgoing feeders AQ-103 (SS:4)

Table. 4.3.2 - 45. Outputs of the outgoing feeder AQ-103 (SS:4) devices.

Action

Opens circuit breaker.

Output Connects to

T1 Outgoing feeder circuit breaker #1

T2 Outgoing feeder circuit breaker #2

T3 Outgoing feeder circuit breaker #3

T4 Outgoing feeder circuit breaker #4

BO1 BI2 of incoming feeder AQ-110P (SS:2a) device in the same busbar section.

Sends light signal.

Table. 4.3.2 - 46. Inputs of the outgoing feeder AQ-103 (SS:4) devices.

Input Connects to Action

* HSO1 of incoming feeder AQ-110P

(SS:2a) device in the same busbar + If a sensor channel has been set to "Light and current"

Bi1 section. mode, this input must be active for the sensor channel to
» Receives overcurrent or earth fault trip.
signal.

» HSO2 of incoming feeder AQ-110P

BI2 ;
section. relays.

» Receives master trip signal.

(SS:2a) device in the same busbar » Trips all four outgoing feeders with T1, T2, T3 and T4

S1-S4 | + Busbar compartment

S5 * Optional

56-59 compartments #1 to 4.

S10 * Optional

» Sends light signal to incoming feeder AQ-110P (SS:2a)
+ Outgoing feeder circuit breaker device in the same busbar section with BO1.

57
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Input Connects to Action
+ Trips outgoing feeder #1 with T1 relay.
S11 » Outgoing feeder cable « Sends light signal to incoming feeder AQ-110P
compartment #1. (SS:2a) device in the same busbar section with BO1
after CBFP time delay.
+ Trips outgoing feeder #2 with T2 relay.
S12 » Outgoing feeder cable » Sends light signal to incoming feeder AQ-110P
compartment #2. (SS:2a) device in the same busbar section with BO1
after CBFP time delay.
 Trips outgoing feeder #3 with T3 relay.
s13 » Qutgoing feeder cable « Sends light signal to incoming feeder AQ-110P
compartment #3. (SS:2a) device in the same busbar section with BO1
after CBFP time delay.
+ Trips outgoing feeder #4 with T4 relay.
S14 » Outgoing feeder cable « Sends light signal to incoming feeder AQ-110P
compartment #4. (SS:2a) device in the same busbar section with BO1
after CBFP time delay.
. . + Sends light signal to incoming feeder AQ-110P (SS:2a)
S15 Opiional device in the same busbar section with BO1.

Figure. 4.3.2 - 50. Logic matrix of the outgoing feeder AQ-103 (SS:4) devices.

S$1-S10
S11 x*
s12 x!
S13
S14
S15
Master Trip (BI2) X X

T1 T2

OUTPUTS

T3

T4

BO1

CBFP
CBFP
CBFP
CBFP

1. Activates only if channels have been set to light only mode or overcurrent signal (BI1) is ON.

Figure. 4.3.2 - 51. Recommended DIP switch settings of the outgoing feeder AQ-103 (SS:4) devices.

© Arcteq Relays Ltd
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ON SW1 OFF
L>/L>+ 1>

S5: Fiber loop / AQD
Latch: On / Off
Blocking function
(reserved)

Scheme
selection
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4.3.3 Connections

Figure. 4.3.3 - 52. I/O connections of overcurrent signals.

4 With one tie breaker

Incoming feeder

Outgoing feeders

AQ-110P SS:2a AQ-103 SS:4
X3 X1 X2
Left side Hsaj U”J Eolj B
3Lz 1411 12ﬂ3 1@5
+ _L__ —
DCSupply (VDO ™ H

)

Current AQ-103 (Left)
Current & Light AQ-110 (Left)
)

)

+
Current & Light AQ-110 (Right *

Current AQ-103 (Right

Y

3|4
Right side ﬁsoﬂ

DH

2113
— +
BO1

1415
+ —
BI1

X3

X1

X2

Incoming feeder

AQ-110P SS:2a

59

Outgoing feeders
AQ-103 SS:4
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Figure. 4.3.3 - 53. I/O connections of master trip and light signals.

Incoming feeder
AQ-110P SS:2a

Outgoing feeders

AQ-103 SS5:4

X3

X1

HSO02) ([ BI2 )
+ + —
[ 2 14 ] 15

X1

(BO1 [ BI2 |
12113114115

AQ-SAS MV Standard Arc Schemes
Instruction manual

Version: 2.05

Left side

* DCSupply (v DO)
® * Master trip (Left)
| 1 * Light (Left)
? Master trip (Right)
) . * Light (Right)

A Y

1Te] | [4T55 e (1311115

HsO2 | | BI2 eot(Biz) | Right side
X3 X1 X1

Incoming feeder

AQ-110P S5:2a
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Outgoing feeders

AQ-103 S5:4
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4 With one tie breaker

4.4 Multiple incoming feeders — one outgoing feeder per device

Figure. 4.4 - 54. Single-line diagram for an application with multiple incoming feeders and one outgoing feeder per

device (with a tie breaker).

In<=

This is a fully selective scheme for protecting substations with two or more incoming feeders per
busbar section. The operation logic is identical to previous schemes with two incoming feeders.

While this chapter uses AQ-101 with SS:1 for the outgoing feeders, it is possible to use AQ-101 with
SS:4 or AQ-103 with SS:4 instead to increase the maximum number of outgoing feeders. Up to 20
devices can be connected to a "Master device". Therefore, each additional incoming feeder deducts
from maximum number of outgoing feeder protection devices that can be connected. When designing
arc protection solution for a very large substation, please contact your nearest Arcteq representative

for more information.

Table. 4.4 - 47. Simplified operation logic description.

Fault location

» Qutgoing feeder cable
compartment

Circuit breaker to trip

The outgoing feeder with the fault

CBFP trip

Incoming feeders in the
same busbar section
Outgoing feeders in the
same busbar section
Tie breaker

« QOutgoing feeder circuit
breaker compartment
* Busbar compartment

Incoming feeders in the
same busbar section
QOutgoing feeders in the
same busbar section
Tie breaker

HV side of incoming feeders

+ Tie breaker compartment

All incoming feeders
Tie breaker
All outgoing feeders

HV side of both incoming
feeders

61
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Fault location Circuit breaker to trip CBFP trip

* Incoming feeders in the
same busbar section

» HV side of incoming feeders in the
same busbar section « N/A

» Qutgoing feeders in the same
busbar section

* Tie breaker

* Incoming feeder circuit
breaker compartment

» Other incoming feeders in the

: * The incoming feeder with the fault same busbar section
+ Incoming feeder cable . ) . . .
» HV side of the incoming feeder » Outgoing feeders in the
compartment . .
with the fault same busbar section

« Tie breaker

Table. 4.4 - 48. Scheme characteristics

Device role Device tvpe Number of Number of incoming feeders / outgoing
yp devices feeders protected
Master incoming AQ-110P (SS:28) |2 2
feeder device
Follower incoming | Aq_110p (ss:72) 1.4
feeder device
AQ-101 (SS:1) 1...20 (per busbar | 1...20
. section
Outgoing feeder AQ-101 (SS:4) ) 5 40
device options )
AQ-103 (SS:4) 4...80

4.4.1 Master incoming feeders AQ-110P (SS:2a)

Table. 4.4.1 - 49. Outputs of the incoming feeder AQ-110P (SS:2a) devices.

Output Connects to Action
T1 Incoming feeder circuit breaker.

T2 Incoming feeder HV side circuit breaker. Opens circuit breaker.
T3 Tie breaker.

T4 Alarming unit (optional). Trip alarm signal.

BI2 of the follower incoming feeder AQ-110P (SS:7a)

BO1 devices in the same busbar section. Sends overcurrent and earth fault signals.
HSO1 BI1 of outgoing feeder AQ-101 (SS:1) devices in the Sends overcurrent, earth fault and external
same busbar section. overcurrent (BI1) signals.

BI2 of outgoing feeder AQ-101 (SS:1) devices in the

same busbar section. .
HSO2 1 511 of the follower incoming feeder AQ-110P (8§:7a) | So"'dS Master trip signal.

devices in the same busbar section.
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4 With one tie breaker

Table. 4.4.1 - 50. Inputs of the incoming feeder AQ-110P (SS:2a) devices.

Input Connects to Action
IL1, Sensor channels and external light signal (BI2) can be set up to
IL2, require overcurrent or earth fault signal as an additional
IL3 criterion for tripping.
Incoming feeder. Overcurrent and earth fault signals are sent to outgoing feeder
AQ-101 (SS:1) devices in the same busbar section with HSO1.
lo Overcurrent and earth fault signals are sent to the follower
incoming feeder AQ-110P (SS:7a) devices with BO1.
HSO2 of all of the follower
mcqmmg fe_eder AQ-110P Sensor channels and external light signal (BI2) can be set up to
(SS:7a) devices on . ) S L o
Bl both busbar sections. require overourreht S|gr_1al as an additional crlte_rlon for tripping.
Receives overcurrent or earth External current S|gnal is sent forward to outgomg feepler
f AQ-101 (SS:1) devices in the same busbar section with HSO1.
ault detected by any of the
incoming feeder devices.
Trips incoming feeder circuit breaker with T1 relay.
Trips incoming feeder HV side circuit breaker with T2 relay.
Trips the tie breaker with T3 relay after CBFP time delay.
s1 Incoming feeder cable Sends master trip signal with HSO2 to outgoing feeder AQ-101
compartment. (SS:1) devices and follower incoming feeder AQ-110P (SS:7a)
devices in the same busbar section after CBFP time delay.
This channel must be set to "Light only" mode if current
measurement point is located after the sensor.
Trips incoming feeder circuit breaker with T1 relay.
Trips incoming feeder HV side circuit breaker with T2 relay.
S92 Incoming feeder circuit Trips the tie breaker with T3 relay.
breaker compartment. Sends master trip signal with HSO2 to outgoing feeder AQ-101
(SS:1) devices and follower incoming feeder AQ-110P (SS:7a)
devices in the same busbar section.
S3 Busbar compartment.
S4 Tie breaker
) Trips incoming feeder circuit breaker with T1 relay.
S5 Optional Trips the tie breaker with T3 relay.
Sends master trip signal with HSO2 to outgoing feeder AQ-101
BO1 of outgoing feeder (SS:1) devices and follower incoming feeder AQ-110P (SS:7a)
AQ-101 (SS:1) devices in the devices in the same busbar section.
same busbar section. Trips incoming feeder HV side circuit breaker with T2 relay after
Bl BO1 of follower incoming CBFP time delay.
feeder AQ-110P (SS:7a)
devices in the same busbar
section.
Receives light signal.
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Figure. 4.4.1 - 55. Logic matrix of the incoming feeder AQ-110P (SS:2a) devices.

OUTPUTS
S1 x! x| cBFP'| X CBFP’

S2 Xl Xl Xl Xl Xl XZ

$3,54,55 x! | cBFP'| X X X' X

Lext> (BI2) x" | CBFP* | X' x* X" x>
lext> (BI1) X
I> (phase currents) X X
lo> (residual current) X X

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1>, lo> or
lext>) is ON.
2. Activates only if phase overcurrent signal (I>) is ON.

Figure. 4.4.1 - 56. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) devices.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On/ Off )M} 8 S1:L>/L>+1> )M 8
Pulse blocking: On / Off [F_ml 7 S2:L>/L>+1> |f__HN 7
(reserved) (M| 6 L>/L>+1> [{__H 6
S5: Fiber loop /AQD [[[__HJY 5 a/b E__ 5
FAST/CBFP [{[__H|Y 4 B 4
100 ms /150 ms |f__m 3 Scheme | w3
I>1A/5A fL_EN 2 selection w2
10>:1A/5A [[[__m}i 1 W] 1
4.4.2 Follower incoming feeders AQ-110P (SS:7a)
Table. 4.4.2 - 51. Outputs of incoming feeder AQ-110P (SS:7a) device.
Output Connects to Action
T1 Incoming feeder circuit breaker.
Opens circuit breaker.
T2 Incoming feeder HV side circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.

BI2 of the master incoming feeder AQ-110P (SS:2a)

BO1 device in the same busbar section. Sends light signals.
HSO1 | N/A N/A
HSO2 Bl1 of both master incoming feeder AQ-110P (SS:2a) Sends overcurrent, earth fault and external
devices. overcurrent (BI1) signals.
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Table. 4.4.2 - 52. Inputs of incoming feeder AQ-110P (SS:7a) device.

Input

IL1,
IL2,
IL3

Connects to

Above incoming feeder circuit breaker.

Action

Sensor channels can be set up to require
overcurrent or earth fault signal as an additional
criterion for tripping.

Overcurrent and earth fault signals are sent

to both master incoming feeder AQ-110P
(SS:2a) devices with HSO2.

BI2

BO1 of the master incoming feeder AQ-110P
(SS:2a) device in the same busbar section.
Receives overcurrent or earth fault detected
by master incoming feeder AQ-110P (SS:2a)
device in the same busbar section.

Sensor channels can be set up to require
overcurrent signal as an additional criterion for
tripping.

This signal is sent to both master incoming
feeder AQ-110P (SS:2a) devices with HSO2.

S1

Incoming feeder cable compartment.

Trips incoming feeder circuit breaker with T1
relay.

Trips incoming feeder HV side circuit breaker
with T2 relay.

Sends light signal with BO1 to master incoming
feeder AQ-110P (SS:2a) device in the

same busbar section after CBFP time delay.
This channel must be set to "Light only" mode if
current measurement point is located after the
Sensor.

S2

Incoming feeder circuit breaker compartment.

Trips incoming feeder circuit breaker with T1
relay.

Trips incoming feeder HV side circuit breaker
with T2 relay.

Sends light signal with BO1 to master incoming
feeder AQ-110P (SS:2a) device in the

same busbar section.

S3

Busbar compartment.

S4

S5

Optional

Trips incoming feeder circuit breaker with T1
relay.

Sends light signal with BO1 to master incoming
feeder AQ-110P (SS:2a) device in the

same busbar section.

Trips incoming feeder HV side circuit breaker
with T2 relay after CBFP time delay.

BI1

HSO2 of master incoming feeder AQ-110P
(SS:2a) device in the same busbar section.
Receives master trip signal.

Trips incoming feeder circuit breaker with T1
relay.

Trips incoming feeder HV side circuit breaker
with T2 relay after CBFP time delay.
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Figure. 4.4.2 - 57. Logic matrix of the incoming feeder AQ-110P (SS:7a) devices.

OUTPUTS

T1 T2 T4 BO1 | HSO2
s1 x! x! x* | CBFP!
S2 Xl Xl Xl
$3,54,55 x' | cBFPY| X
Master trip (BI1) X CBFP X
lext> (BI2) X
I> (phase currents)
lo> (residual current)

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1>, lo> or

lext>) is ON.

Figure. 4.4.2 - 58. Recommended DIP switch settings of the follower incoming feeder AQ-110P (SS:7a) devices.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On/ Off |{__H[Y 8 S1:L>/L>+1> |{[__H| 8
Pulse blocking: On / Off |F[__E}Y 7 S2:L>/L>+1> MW} 7
(reserved) M| 6 L>/L>+1> f{|__H 6
S5: Fiber loop /AQD [F[___H|Y 5 a/b fl__}J 5
FAST/CBFP || _H} 4 | W} 4
100 ms /150 ms [[__H} 3 Scheme m || 3
I>1A/5A |f_m 2 selection ]2
10>:1A/5A |[__m[ 1 CHN

4.4.3 Outgoing feeders AQ-101 (SS:1)

Table. 4.4.3 - 53. Outputs of the outgoing feeder AQ-101 (SS:1) devices.

Output Connects to Action

T1 Outgoing feeder circuit breaker. bOpens cireuit
reaker.

T2 N/A N/A

T3 N/A N/A

T4 Alarming unit (optional). Trip alarm signal.

BO1 SB;itci);:]aster incoming feeder AQ-110P (SS:2a) device in the same busbar Sends light signal.
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Table. 4.4.3 - 54. Inputs of the outgoing feeder AQ-101 (SS:1) devices.

Input Connects to Action
+ HSO1 of master incoming
feeder AQ-110P (_SS:Za) device in the » If a sensor channel has been set to "Light and
same busbar section. ) o .
Bi1 . current" mode, this input must be active for the
» Receives overcurrent or earth fault sensor channel to tri
detected by any of the incoming feeders P:
in the same busbar section.
* HSO2 of master incoming feeder
BI2 AQ-110P (SS:28) ‘deV|ce inthe + Trips outgoing feeder with T1 relay.
same busbar section.
* Receives master trip signal.
» Trips outgoing feeder with T1 relay.
. . » Sends light signal to master incoming feeder
S Outgoing feeder cable compartment. AQ-110P (SS:2a) device in the same busbar section
with BO1 after CBFP time delay.
S0 » Outgoing feeder circuit breaker
compartment.
» Sends light signal to master incoming feeder
S8 * Busbar compartment. AQ-110P (SS:2a) device in the same busbar section
with BO1.
S4
* Optional
S5

Figure. 4.4.3 - 59. Logic matrix of the outgoing feeder AQ-101 (SS:1) devices.

OUTPUTS
S1 x* x* CBFP
S2,S3, 54, S5 CBEP! X
Master Trip (BI2) X X

1. Activates only if channel has been set to light only mode or overcurrent signal (BI1) is ON.

Figure. 4.4.3 - 60. Recommended DIP switch settings of the outgoing feeder AQ-101 (SS:1) devices.

ON SW1 OFF
L>/L>+1> [[[__H}8
S1:L>/L>+1> [[L_HN7
Latch: On/Off |I_HH 6
100ms /150 ms |I_H[ 5
B[4
Scheme ) E
selection [ w2
N
67 © Arcteq Relays Ltd

IMO0068



4 With one tie breaker AQ-SAS MV Standard Arc Schemes
Instruction manual

Version: 2.05
4.4.4 Connections
Figure. 4.4.4 - 61. Overcurrent signal connection between the two sides of the tie breaker.
Master incoming feeder Follower incoming feeders
AQ-110P SS:2a AQ-110P SS:7a
X2 X3
Left side ||[BL EDE
14115 112
P N &
DCSupply (VDO) ™ —
Overcurrent
F4 s F B
. . T = T
Right side |[len HS02
X2 X3
Master incoming feeder Follower incoming feeders
AQ-110P SS:2a AQ-110P SS:7a
Figure. 4.4.4 - 62. /0O connection on the left side of the tie breaker.
Master Follower
Incoming feeder Incoming feeders Outgoing feeders
AQ-110P 55:2a AQ-110P S5:7a AQ-101 S5:1
X3 X1 X2 X1 X2 X1
Left side HS02)(Hso1|  (BO1]( BI2. B |(Bo1)( BI2 B (BO1)(BI2
[2][3T4] [e[3]0alt 1411 211314115 [ R3][04l
YA U A |
DC Supply (vDC)  + ]
Master trip —
Overcurrent AQ-101
Overcurrent AQ-110 f
Light
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Figure. 4.4.4 - 63. I/O connection on the right side of the tie breaker.

Master Follower
Incoming feeder Incoming feeders Outgoing feeders
AQ-110P SS:2a AQ-10P 55:7a AQ-101SS5:1
X3 X1 X2 X1 X2 X1
Right side | [[#s02Hsgi| [(Bop)(8i2) | | (80 ) (Boy)(Bi2) | | (BN |[BOT) Bi2
[2][3T14 IEJB 14115 14115 2113 ][14]15 14115 21131415
v A A |
DCSupply (VDO)  + m
Master trip —
Overcurrent AQ-101
Overcurrent AQ-110 f
Light *
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5 Other schemes

5.1 Multiple sections - single incoming feeder per section

Figure. 5.1 - 64. Single-line diagram for an application with multiple sections, one incoming feeder per section.

This is a fully selective scheme for protecting substations with max. six (6) busbar sections and up to
30 outgoing feeders per section. If the busbar section has an incoming feeder, AQ-110P (SS:2a)
device will be installed to the incoming feeder. If there are no incoming feeders in a busbar section,
AQ-110P (SS:2a) device will be installed to one of the outgoing feeders in the section.

Table. 5.1 - 55. Simplified operation logic description.

Fault location Circuit breaker to trip CBFP trip

+ Incoming feeder in the same busbar

section (if applicable)
» Qutgoing feeder cable » The outgoing feeder with the » Qutgoing feeders in the same busbar
compartment fault section

» Tie breakers in the same busbar

section
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Fault location

« Qutgoing feeder circuit

+ Busbar compartment

breaker compartment .

5 Other schemes

Circuit breaker to trip

Incoming feeder in the

same busbar section (if
applicable)

Outgoing feeders in the

same busbar section

Tie breakers in the same busbar
section

CBFP trip

HV side of the incoming feeder (if
applicable)

+ Tie breaker
compartment

Incoming feeders on both sides
of the tie breaker

Tie breaker with the fault

Tie breakers at the end of both
busbar sections (if applicable)
Outgoing feeders on both sides
of the tie breaker

HV side of incoming feeders on both
sides of the tie breaker (if applicable)

* Incoming feeder circuit |
breaker compartment

Incoming feeder with the fault
HV side of the incoming feeder
Tie breakers in the same busbar
section

Outgoing feeders in the

same busbar section

N/A

* Incoming feeder cable
compartment

The incoming feeder with the
fault
HV side of the incoming feeder

Outgoing feeders in the same busbar
section

Tie breakers in the same busbar
section

5.1.1 Section master device AQ-110P (SS:2a)

7

If the busbar section has an incoming feeder, AQ-110P (SS:2a) device will be installed to the incoming
feeder. If there are no incoming feeders in the busbar section, AQ-110P (SS:2a) device will be installed
to one of the outgoing feeders in the section.

Table. 5.1.1 - 56. Outputs of the busbar section master AQ-110P (SS:2a) devices.

Output

T Feeder circuit breaker.

Connects to

T2 HV side circuit breaker (if applicable).

T3 Tie breaker (if applicable).

Action

Opens circuit breaker.

T4 Alarming unit (optional).

Trip alarm signal.

BO1 Bl1 of all AQ-110P (SS:2a) devices.

Sends overcurrent and earth fault signals.

HSO1 same busbar section.

BI1 of outgoing feeder AQ-101 (SS:4) devices in the

Sends overcurrent, earth fault and external
overcurrent (BI1) signals.

HSO2 same busbar section.

BI2 of outgoing feeder AQ-101 (SS:4) devices in the

Sends master trip signal.
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Table. 5.1.1 - 57. Inputs of the busbar section master AQ-110P (SS:2a) devices.

Input

IL1,
IL2,
IL3

Connects to

Incoming feeder (if applicable).

Action

Sensor channels and external light signal (BI2) can be set up
to require overcurrent or earth fault signal as an additional
criterion for tripping.

Overcurrent and earth fault signals are sent to AQ-101 (SS:4)
devices with HSO1.

Overcurrent and earth fault signals are sent to other
AQ-110P (SS:2a) devices with BO1.

BI1

BO1 of all AQ-110P (SS:2a)
devices.

External overcurrent or earth
fault signal.

Sensor channels and external light signal (BI2) can be set up
to require overcurrent signal as an additional criterion for
tripping.

External current signal is sent forward to AQ-101 (SS:4)
devices in the same busbar section with HSO1.

S1

Cable compartment.

Trips feeder circuit breaker with T1 relay.

Trips incoming feeder HV side circuit breaker with T2 relay (if
applicable).

Trips the tie breaker with T3 relay after CBFP time delay.
Sends master trip signal with HSO2 to outgoing feeder
AQ-101 (SS:4) devices after CBFP time delay.

This channel must be set to "Light only" mode if current
measurement point is located after the sensor.

S2

Circuit breaker compartment.

Trips feeder circuit breaker with T1 relay.

Trips incoming feeder HV side circuit breaker with T2 relay (if
applicable).

Trips the tie breaker with T3 relay.

Sends master trip signal with HSO2 to outgoing feeder
AQ-101 (SS:4) devices.

S3

Busbar compartment.

S4

Tie breaker compartment.

S5

Optional.

BI2

BO1 of outgoing feeder
AQ-101 (SS:4) devices in the
same busbar section.
Receives light signal.

Trips feeder circuit breaker with T1 relay.

Trips the tie breaker with T3 relay.

Sends master trip signal with HSO2 to outgoing feeder
AQ-101 (SS:4) devices.

Trips incoming feeder HV side circuit breaker with T2
relay after CBFP time delay (if applicable).
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Figure. 5.1.1 - 65. Logic matrix of the busbar section master AQ-110P (SS:2a) devices.

OUTPUTS
S1 x! x| cBFP'| X CBFP’

S2 Xl Xl Xl Xl Xl XZ

$3,54,55 x! | cBFP'| X X X' X

Lext> (BI2) x" | CBFP* | X' x* X" x>
lext> (BI1) X
I> (phase currents) X X
lo> (residual current) X X

1. Activates only if channel has been set to light only mode or if any overcurrent signal (1>, lo> or
lext>) is ON.
2. Activates only if phase overcurrent signal (I>) is ON.

Figure. 5.1.1 - 66. Recommended DIP switch settings of the busbar section master AQ-110P (SS:2a) devices.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On / Off |{_H[Y 8 S1:L>/L>+1> [{[__H| 8
Pulse blocking: On / Off [F_ml 7 S2:L>/L>+1> |f__HN 7
(reserved) (M| 6 L>/L>+1> [{__H 6
S5: Fiber loop /AQD [[[__HJY 5 a/b E__ 5
FAST/CBFP [[__H}| 4 B 4
100 ms /150 ms |f__m 3 Scheme [ || 3
I>1A/5A [i_m} 2 selection (W
10>:1A/5A [[[__m}i 1 B 1
5.1.2 Outgoing feeders AQ-101 (SS:4)
Table. 5.1.2 - 58. Outputs of the outgoing feeder AQ-101 (SS:4) devices.
Output Connects to Action
T1 "Left side" outgoing feeder circuit breaker.
T2 "Right side" outgoing feeder circuit breaker. Opens circuit breaker.
T3 Tie breaker.
T4 Alarming unit (optional). Trip alarm signal.
BO1 BI2 of busbar section master AQ-110P (SS:2a) device on the same section. Sends light signal.
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Table. 5.1.2 - 59. Inputs of the outgoing feeder AQ-101 (SS:4) devices.

Input Connects to Action
+ HSO1 of busbar section master device
AQ-110P (SS:2a) in the same busbar If a sensor channel has been set to "Light and
BI1 section. current" mode, this input must be active for the
» Receives overcurrent or earth fault sensor channel to trip.
signal.
* HSO2 of busbar section master ' . - .
" device AQ-110P (SS:2a) device in the gﬂstt;oth outgoing feeder circuit breakers with T1
same busbar section. . L .
. o Trips the tie breaker with T3 relay.
* Receives master trip signal.
Trips "left side" outgoing feeder with T1 relay.
Trips the tie breaker with T3 relay after CBFP time
s1 + "Left side" outgoing feeder cable delay.
compartment. Sends light signal to busbar section master
AQ-110P (SS:2a) device with BO1 after CBFP time
delay.
Trips "right side" outgoing feeder with T2 relay.
Trips the tie breaker with T3 relay after CBFP time
s » "Right side" outgoing feeder cable delay.
compartment. Sends light signal to busbar section master
AQ-110P (SS:2a) device with BO1 after CBFP time
delay.
+ "Left side" outgoing feeder circuit breaker
$3 compartment.
* Busbar compartment.
+ (Tie breaker)
Trips the tie breaker with T3 relay.
» "Right side" outgoing feeder circuit Sends light signal to busbar section master
sS4 breaker compartment. AQ-110P (SS:2a) device with BO1.
* Busbar compartment.
+ (Tie breaker)
S5 » Optional.

Figure. 5.1.2 - 67. Logic matrix of the outgoing feeder AQ-101 (SS:4) devices.

OUTPUTS
s1 x" CBFP' x| CBFP
s2 x' CBFP' x! CBFP
S3,54, S5 xt x} X
Master Trip (BI2) X X X X

1. Activates only if channel has been set to light only mode or overcurrent signal (BI1) is ON.
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Figure. 5.1.2 - 68. Recommended DIP switch settings of the outgoing feeder AQ-101 (SS:4) devices.

ON SW1 OFF

L>/L>+1>
S1:L>/L>+1>
Latch: On / Off

100 ms / 150 ms

Scheme
selection

5.1.3 Connections

S NWhHoOoo N

Figure. 5.1.3 - 69. I/O connections of overcurrent signals.

Section 1 Section 1
AQ-110P SS:2a AQ-101SS:4
X3 X1 X2

HSO1 BI1 BO1 "BI1 )
+ — + + —
LBU tl}HJLZH?J 14115

DCSupply (VDC) * ——L ] —

— - e —-—
Overcurrent AQ-101 (1)
Overcurrent AQ-110
Overcurrent AQ-101(2)
\ 4
FIA TIWPZIBW 4115
+ — + + —
Hso1| B ) [ BO1 BN
X3 X1 X2
Section 2 Section 2
AQ-110P SS:2a AQ-101SS:4
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Figure. 5.1.3 - 70. I/O connections of master trip and light signals.
Section 1 Section 1
AQ-110P SS:2a AQ-101SS:4
X3 X1 X1
HS02) | |[ BI2 ) (BO1)( BI2 )
+ + — — + [+ —
[2 1415 EIENIE
\ 4
¢ 14
DCSupply (VDO) * R
Master trip (1) & o
: + - ®
Light (1) * I I
Master trip (2) *
: + ® ®
Light (2) X "
A Y
1{°2 14115 211314115
+ + — — + [+ —
HS02 | | BI2 ) BO1 ) BI2
X3 X1 X1
Section 2 Section 2
AQ-110P SS:2a AQ-101SS:4
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6 Modifications to suggested designs

6.1 Two incoming feeders with a dedicated tie breaker protection device

It is possible to install a dedicated arc protection device AQ-101S to the tie breaker to improve fault
location indication and improve protection selectivity for faults close to the tie breaker. In this example
design AQ-101 (SS:1) devices have been used for outgoing feeders but other options can be used as
well.

Figure. 6.1 - 71. Point sensor positions in tie breaker with optional AQ-101S device.

v,

X X X X X
XX (NS XX
v v ' v v
AQ-1015
SS:5
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Table. 6.1 - 60. Optional device dedicated for tie breaker compartment monitoring.

Device type Description

(scheme number)

» Optional device dedicated for tie breaker compartment monitoring.

» Location of fault in the tie breaker compartment can be detected with more accuracy.

» Indicates with LEDs if the fault was in the tie breaker compartment or on either side of
the tie breaker in the busbar compartment.

» Trips the tie breaker when fault is detected.

» Sends light information to incoming feeder AQ-110P devices on either or both sides
of the tie breaker depending on the fault location.

AQ-101S (SS:5)
Advantages:

» Increases the accuracy of fault location indication.
» Increases fault clearing selectivity around the tie breaker.

Disadvantages:

« Decreases the maximum number of devices that can be installed into the substation.
* One more device to install and wire.

Figure. 6.1 - 72. Single-line diagram for an AQ-101S application: two incoming feeders with a dedicated tie
breaker protection device.

X R
() ()
(L (L

1/0

— =
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6 Modifications to suggested designs

Table. 6.1 - 61. Simplified operation logic description.

Fault location

Outgoing feeder cable
compartment

Circuit breaker to trip

The outgoing feeder with the
fault

CBFP trip

Incoming feeder in the same
busbar section

Outgoing feeders in the same
busbar section

Tie breaker

Outgoing feeder circuit breaker
compartment
Busbar compartment

Incoming feeder in the same
busbar section

Outgoing feeders in the same
busbar section

Tie breaker

HV side of incoming feeder

Tie breaker compartment

Both incoming feeders
Tie breaker
All outgoing feeders

HV side of both incoming
feeders

Incoming feeder circuit breaker
compartment

The incoming feeder with the
fault

HV side of the incoming feeder
Outgoing feeders in the same
busbar section

Tie breaker

N/A

Incoming feeder cable
compartment

The incoming feeder with the
fault

HV side of the incoming feeder
with the fault

All outgoing feeders
Tie breaker

Table. 6.1 - 62. Scheme characteristics

Number of incoming feeders

2

Number of outgoing feeders

1...18 (per busbar section)

Devices used

Incoming feeders: AQ-110P (SS:2a)

Outgoing feeders: AQ-101 (SS:1)

Tie breaker: AQ-101S (SS5)

NOTICE!

can be installed.

If the application has a big number of outgoing feeders, AQ-101 (SS:1) can be changed to
AQ-101 (SS:4) or AQ-103 (SS:4) to increase the maximum number of outgoing feeders that

© Arcteq Relays Ltd
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6.1.1 Incoming feeders AQ-110P (SS:2a)

Table. 6.1.1 - 63. Outputs of the incoming feeder AQ-110P (SS:2a) devices.

Output Connects to Action
T1 Incoming feeder circuit breaker.

Opens circuit breaker.
T2 Incoming feeder HV side circuit breaker.
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.

BO1

BI1 of the other incoming feeder AQ-110P (SS:2a) device.

Sends overcurrent and earth fault
signals.

HSO1

BI1 of outgoing feeder AQ-101 (SS:1) devices in the same

busbar section.

Left side incoming feeder: BI3 of tie breaker AQ-101S (SS:5)

device.

Sends overcurrent signal.

Right side incoming feeder: Bl4 of the tie breaker AQ-101S

(SS:5) device.

HSO2

BI2 of outgoing feeder AQ-101 (SS:1) devices in the same

busbar section.

Left side incoming feeder: Bl1 of the tie breaker AQ-101S (SS:5)

device.

Sends master trip signal.

Right side incoming feeder: BI2 of the tie breaker AQ-101S

(SS5) device.

Table. 6.1.1 - 64. Inputs of the incoming feeder AQ-110P (SS:2a) devices.

Input Connects to Action
IL1, Sensor channels and external light signal (BI2) can be set up to
IL2, require overcurrent or earth fault signal as an additional criterion
IL3 for tripping.
* Incoming feeder. Overcurrent and earth fault signals are sent to the other incoming
feeder AQ-110P (SS:2a) device with BO1.
lo Overcurrent and earth fault signals are sent to AQ-101 (SS:1) in
the same busbar section and AQ-101S (SS:5) devices with HSO1.
) 501 of the other |ncc_>m|ng Sensor channels and external light signal (BI2) can be set up to
eeder AQ-110P (SS:2a) . . - L o
BI1 device. require overcurrent S|gna| as an additional criterion for tnpplng.
. External overcurrent or External current signal is sent forward to AQ-101 (SS:1) in the
. same busbar section and AQ-101S (SS:5) devices with HSO1.
earth fault signal.
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Input

S1

Connects to

Incoming feeder cable
compartment.

6 Modifications to suggested designs

Action

Trips incoming feeder circuit breaker with T1 relay.

Trips incoming feeder HV side circuit breaker with T2 relay.
Sends master trip signal with HSO2 to outgoing feeder AQ-101
(SS:1) devices and the tie breaker AQ-101S (SS:5) device in the
same busbar section after CBFP time delay.

This channel must be set to "Light only" mode if current
measurement point is located after the sensor.

S2

Incoming feeder circuit
breaker compartment.

Trips incoming feeder circuit breaker with T1 relay.

Trips incoming feeder HV side circuit breaker with T2 relay.
Sends master trip signal with HSO2 to outgoing feeder AQ-101
(SS:1) devices and the tie breaker AQ-101S (SS:5) device in the
same busbar section.

S3

Busbar compartment.

S4

S5

Optional.

BI2

BO1 of outgoing feeder
AQ-101 (SS:1) devices in
the same busbar section.
Left side incoming

feeder: BO1 of tie breaker
AQ-101S (SS:5) device.
Right side incoming
feeder: BO3 of tie breaker
AQ-101S (SS:5) device.
Receives light signal.

Trips incoming feeder circuit breaker with T1 relay.

Sends master trip signal with HSO2 to outgoing feeder AQ-101
(SS:1) devices in the same busbar section and the tie breaker
AQ-101S (SS:5) device.

Trips incoming feeder HV side circuit breaker with T2 relay after
CBFP time delay.

Figure. 6.1.1 - 73. Logic matrix of the incoming feeder AQ-110P (SS:2a) devices.

1.

OUTPUTS

AQD
S1 X X
S2 X x* X' X' x X
$3,54,55 x' | CBFP'| X' X! x" X
Lext> (BI2) X cBEP' | X! x* x* x>
lext> (BI1)

1> (phase currents)

lo> (residual current)

Activates only if DIP-switch has been set to light only mode or if any overcurrent signal (1>, lo> or
lext>) is ON.

2. Activates only if phase overcurrent signal (I>) is ON.

81
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Figure. 6.1.1 - 74. Recommended DIP switch settings of the incoming feeder AQ-110P (SS:2a) devices.

ON SW2 OFF ON SW1 OFF
T1/T2 latch: On/ Off )M} 8 S1:L>/L>+1> [f{[__H| 8
Pulse blocking: On / Off |F_ml 7 S2:L>/L>+1> |f___HN 7
(reserved) (M| 6 L>/L>+1> [}_H 6
S5: Fiber loop /AQD [{[_H|Y 5 a/b (il ___|H 5
FAST/CBFP [[__H|Y 4 B 4
100 ms /150 ms |f__m 3 Scheme [ || 3
I>1A/5A [i_m} 2 selection o
10>:1A/5A [[[__m}H 1 | B 1
6.1.2 Outgoing feeders AQ-101 (SS:1)
Table. 6.1.2 - 65. Outputs of the outgoing feeder AQ-101 (SS:1) devices.
Output Connects to Action
T1 Outgoing feeder circuit breaker. Opens circuit breaker.
T2 N/A N/A
T3 N/A N/A
T4 Alarming unit (optional). Trip alarm signal.
BO1 BI2 of incoming feeder AQ-110P (SS:2a) device in the same busbar section. | Sends light signal.

Table. 6.1.2 - 66. Inputs of the outgoing feeder AQ-101 (SS:1) devices.

Input Connects to Action
+ HSO1 of incoming feeder AQ-110P
(SS:2a) device in the same busbar + If a sensor channel has been set to "Light and current"
Bi1 section. mode, this input must be active for the sensor channel to
» Receives overcurrent or earth fault trip.
signal.
+ HSO2 of incoming feeder AQ-110P
BI2 (SS:?a) device in the same busbar  Trips outgoing feeder with T1 relay.
section.
» Receives master trip signal.
+ Trips outgoing feeder with T1 relay.
s » QOutgoing feeder cable » Sends light signal to incoming feeder AQ-110P
compartment. (SS:2a) device in the same busbar section with BO1 after
CBFP time delay.
s » Outgoing feeder circuit breaker
compartment.
sS3 « Busbar compartment. + Sends light signal to incoming feeder AQ-110P (SS:2a)
device in the same busbar section with BO1.
S4
+ Optional
S5
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Figure. 6.1.2 - 75. Logic matrix of the outgoing feeder AQ-101 (SS:1) devices.

OUTPUTS
S1 x* x* CBFP
S2,S3, 54, S5 CBEP! X
Master Trip (BI2) X X

1. Activates only if channel has been set to light only mode or overcurrent signal (Bl1) is ON.

Figure. 6.1.2 - 76. Recommended DIP switch settings of the outgoing feeder AQ-101 (SS:1) devices.

ON SW1 OFF

L>/L>+1>
S1:L>/L>+1I>
Latch: On / Off
100 ms / 150 ms

Scheme
selection

“NWh oo N

6.1.3 Tie breaker AQ-101S (SS:5)

Table. 6.1.3 - 67. Outputs of the tie breaker AQ-101S (SS:5) device.

Output Connects to Action
T N/A N/A
T2 N/A N/A
T3 Tie breaker. Open circuit breaker.
BO1 BI2 of "left side" incoming feeder AQ-110P (SS:2a). Sends light signal.
BO2 N/A N/A
BO3 BI2 of "right side" incoming feeder AQ-110P (SS:2a). Sends light signal.

Table. 6.1.3 - 68. Inputs of the tie breaker AQ-101S (SS:5) device.

Input Connects to Action
BI1 + HSO2 of "left side" incoming ) .

feeder AQ-110P (SS:2a). * External light signal.

+ Trips the tie breaker with T3 relay.
iy N ) * Requires either of the external overcurrent signals (BI3 or

BI + HSO2 of "right side incoming BI4) to be active.

feeder AQ-110P (SS:2a).

- HSO1 of left side" incoming » Receives overcurrent signals. . .

BI3 ; + Sensor channels can be set up to require overcurrent signal

feeder AQ-110P (SS:2a). By o -

as an additional criterion for tripping.
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Action

N/A

Trips tie breaker with T3 relay.
Sends light signal to "left side" incoming feeder AQ-110P
(SS:2a) with BO1.

Trips tie breaker with T3 relay.

Sends light signal to "left side" incoming feeder AQ-110P
(SS:2a) with BO1.

Sends light signal to "right side" incoming feeder AQ-110P
(SS:2a) with BO3.

Input Connects to
Bl4 » HSO1 of "right side" incoming
feeder AQ-110P (SS:2a).
BI5
+ N/A
BI6
S1 » "Left side" Busbar compartment.
S2 » Monitoring tie breaker.
S3 + "Right side" Busbar
s4 compartment.
S5 + Optional

Trips tie breaker with T3 relay.
Sends light signal to "right side" incoming feeder AQ-110P
(SS:2a) with BO3.

Figure. 6.1.3 - 77. Logic matrix of the tie breaker AQ-101S (SS:5) device.

s1 x! X
s2 X X X
$3,54 X X
BI1 MT Incomer 1 %
BI2 MT Incomer 2 x>
BI3 1> Incomer1
Bl41>Incomer 2

NN —

Activates only if channel has been set to light only mode or overcurrent signal (BI3 or Bl4) is ON
Activates only if overcurrent signal (BI3 or Bl4) is ON

Figure. 6.1.3 - 78. Recommended DIP switch settings of the tie breaker AQ-101S (SS:5) device.

ON SW1 OFF
L>/L>+1> |f_HH 8
ST1:L>/L>+1> |fL_H}7
Latch: On/ Off |iL_HH 6
100 ms /150 ms [fL_HN 5
| H 4
Scheme m 3
selection w2
| 1
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Figure. 6.1.4 - 79. I/O connections of overcurrent signals.

AQ-110P 55:2a

AQ-10155:1 AQ-101S SS5:5

X3 X1 X2 X1
Left side Esoa tsnj tsmj \\BH tem BI3
+ — + — + —
112 AN 2113 14115 2] 04115
DCSupply (VDO) ‘_r_____"
- ——— — — ————
Overcurrent AQ-110 (L)
Overcurrent (Left to Right) *
Overcurrent (Right to Left) f
Overcurrent AQ-110 (R)
- e ||
1 ]
1415 112 4115 12113
. . + — + — +
Right side BI1 ﬁsoa TBHW TBC”W
X2 X3 X1
AQ-1015SS1 AQ-110P SS:2a
Figure. 6.1.4 - 80. I/O connections of master trip and light signals.
AQ-110P SS:2a AQ-10155:1 AQ-101S SS:5
X3 X2 X1 X1 X2 X1
Left side ‘Hsm B ‘ BI2 BO1)( BI2 BI2 | BN BO1) (BO3
+ =+ = — + |+ = + — ||+ = ||[= +|[— +
3141 [Oalis]| Oald FANEN| 3K 12113 G417 [21[5Te
4
DCSupply (VDC) *+ —t . 1
Master trip (L) *
Light (1) * ° = =
Master trip (R)
Light (R) * . )
VY A
e 3] (14115 314 [als
Right side LDT -'|-3|2 HSJ‘I Tai
X1 X3 X1
AQ-101 S5:1 AQ-110P SS:2a
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7 Contact and reference information

Manufacturer
Arcteq Relays Ltd.
Visiting and postal address

Kvartsikatu 2 A 1
65300 Vaasa, Finland

Contacts
Phone: +358 10 3221 370
Website: arcteg.com
Technical support: support.arcteq.fi
+358 10 3221 388 (EET 9:00 — 17.00)
E-mail (sales): sales@arcteg.com
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