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1	 General

1.1 Description of the 
 30 ms high speed transfer system HSTS

In order to protect medium-voltage applications and systems 
against voltage failures, and to assure almost uninterrupted 
continued operation of the consumers connected to the 
process involved, the SUE 3000 high speed transfer device 
is used. In the event of a disturbance in the supply, it will 
transfer to a standby supply, taking various factors into due 
account.

The SUE 3000 is used predominantly in the auxiliary supply 
systems of power plants and in industrial facilities.

In conjunction with conventional circuit-breakers and protec-
tion devices total transfer times in the range of < 100 ms will 
be achieved (counting from the occurrence of the fault in the 
main feeder until the circuit-breaker of the standby feeder is 
closed). For smooth operation of motor-driven consumers, a 
transfer in this range will usually be sufficient and non-critical.

For extremely stringent requirements in the millisecond range, 
only thyristor-based, static systems are a viable option. These,
however, will typically possess only a limited connected load 
capability, necessitate high capital investment, and cause 
substantial running operation costs, e.g. due to continual 
losses through cooling systems. For this reason, their use is 
mostly restricted to protecting important mainframe computer 
systems.

Market investigations and customer requirements more and 
more show that there is an increasing demand for transfer 
systems that provide transfer times between the two solu-
tions mentioned above. For this purpose, the SUE 3000 has 
been extended with additional components and performance-
enhancing features, to create the High Speed Transfer System 
(HSTS). This system with optimized medium voltage circuit 
breaker VM1-T and switchbay protection and control unit 
REF542plus, achieves transfer times of 30 ms. This result in 
a transfer time that permits sensitive industrial processes to 
continue in operation without any interruption.

1.2 Applications

The applications for high speed transfer systems HSTS 
include sensitive production processes in which even a brief 
voltage dip can cause serious damage to important produc-
tion lines and may also result in a total loss of production. 
Expensive downtimes may ensue.

Processes of this sensitivity are characterized by computer-
controlled manufacturing and a multiplicity of numerical con-
trols. Typical examples here would include:
 - Automotive production
 - Semiconductor production
 - Paper industry
 - Chemical and petrochemical industry
 - Logistics
 - Glass production
 - etc. 
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2	 The	30	ms	High	Speed	Transfer	System	(HSTS)

2.1 System preconditions

The high speed transfer system HSTS is able to transfer 
consumer groups to a standby supply within 30 ms. To enable 
such ultra-fast transfer times, the system’s components have 
been specifically harmonized for optimum interaction:
 - Voltage sensors
 - Extremely fast detectors for detecting the location 

of the fault
 - Short signal propagation time thanks to static outputs
 - Optical communication link between REF542plus and

the SUE 3000
 - VM1-T circuit-brekaer with extremely short operating times 

2.2 System structure

The HSTS is available for switchgear layouts with 2 feeders 
and one common busbar (2 circuit breaker configuration) or 
2 feeders with 2 busbar sections and a coupling circuit- 
breaker (3 circuit-breaker configuration). For further infor- 
mation on these two variants please consult the Operating 
Manual of the SUE 3000 high speed transfer device. The 
function and structure of the two variants differ only in the 
number of circuit-breakers installed.

Each of the feeders is monitored by an REF542plus. These 
are connected in three phases to sensors for voltage super- 
vision and transformers or sensors for current supervision.

A fault in a feeder is detected by extremely fast detectors 
(VS and FDI), integrated in the REF542plus. Via an optical 
link this will lead to the initiation of the SUE 3000 high speed 
transfer device.

The SUE 3000 is connected to the two feeders and to the 
busbar(s) via transformers. In contrast to the REF542plus, 
the current is measured in a single phase, and the voltage is 
measured using a concatenated voltage (e.g. L1-L2).

In order to execute a transfer, the SUE 3000 monitors and 
controls all the VM1-T circuit-breakers in the system.

2.2.1 Busbar with two feeders 
 (2 circuit-breaker configuration)

The configuration consists of two independent synchronous 
feeders, each able to supply the entire load of the busbar. 
One supply is the main feeder, while the other is the reserve 
supply for the busbar. Both feeders are connected to the 
busbar via circuit-breakers. The circuit-breaker of the main 
supply is closed, while the other one of the standby supply is 
opened.

In case of a fault, the high speed transfer system transfers 
between the faulty and the reserve feeder. Once the fault in 
the disturbed feeder has been cleared, a transfer back to the 
recovered main feeder is possible.

In the system, the REF542plus monitors the actual main 
feeder. It evaluates the phase voltages and currents by means 
of the detectors VS and FDI, and in the event of a fault will 
initiate the SUE 3000 high speed transfer device. This, taking 
due account of various factors, transfers to the other sup-
ply in the fastest possible transfer mode. (See the Operating 
Manual for the SUE 3000).

Figure 1: Structure of the HSTS for a busbar 
 with two feeders

2.2.2 Busbar with two feeders and a busbar coupling 
 (3 circuit-breaker configuration) 

The configuration consists of two independent synchronous 
feeders, each able to supply the entire load of the busbar.

The system consists of two busbar sections, connected to 
each other via a coupling breaker. In normal operation, the 
circuit-breakers of the two feeders are closed, and the cou-
pling circuit-breaker is opened.

In case of a fault, the system transfers between the faulty 
feeder and the coupling where-upon the intact feeder supplies 
both busbar sections. Once the fault in the disturbed feeder 
has been cleared, a transfer back to the recovered main 
feeder is possible.

Figure 2: Structure of the HSTS for a busbar with two feeders 
 and a coupling breaker
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2.3 System components

System component 2-breaker configuration 3-breaker configuration Equipped with

REF542plus 2 2 Sensor board, Full-Main-
board, FDI/VS detectors

SUE 3000 1 1 Full-Mainboard, 
static I/O boards 

VM1-T 2 3 Optimized magentic 
operating mechanism

Current transformer / 
current sensors

1 set of transformers / sensors per REF542plus
1 transformer / sensor per supply for 
SUE 3000

1 set of transformers / sensors per REF542plus
1 transformer / sensor per supply for 
SUE 3000

Voltage sensors / 
voltage transformer

1 set of sensors per REF542plus
2 transformers per supply and
2 transformers for the busbar for  
SUE 3000

1 set of sensors per REF542plus
2 transformers per supply and
2 transformers for the busbar section for  
SUE 3000

2.3.1 REF542plus switchbay protection and control unit

Besides the general control and protection functions, the 
REF542plus are equipped with special, innovative detectors 
for detecting the location of the fault. The high speed transfer 
device will be initiated in ≤10 ms.

These algorithms are used for very fast, undelayed under- and 
overvoltage detection and for monitoring the power direction.

The REF542plus continuously monitors the analog values of 
the supply network. When voltage and current sensors are 
used, they show the following advantages compared to con-
ventional transformers:
 - High accuracy
 - Large linear range
 - Compact dimensions
 - Simple integration in a switchgear panel 

Initiation of the SUE 3000 via an optical communication link: 
The transmission of the initiation signals between the 
REF542plus and the SUE 3000 is realized by means of optical 
signals in the high speed transfer system.

The REF542plus must be equipped with a Full Mainboard 
(Mainboard 6 Full Version, see REF542plus product data 
sheet).

The REF542plus is equipped with the following hardware:
 - Full Mainboard (optical interfaces) 
 - Power supply
 - 1-3 binary input/output modules
 - Analog input board with voltage sensors and current 

sensors or current transformers
 - Communication board (optional)

2.3.2 SUE 3000 high speed transfer device

The SUE 3000 is the heart of the high speed transfer system. 
The task of the SUE 3000 is to provide nearly uninterrupted 
transfer from a faulty supply to a redundant independent 
reserve supply. For this purpose, the SUE 3000 continually 
compares the network conditions of the feeder currently 
active with those of the reserve feeder. 

If the networks are synchronous at the moment when a trans-
fer is initiated, a fast transfer can be performed. In the case 
of non-synchronous networks, transfer will be performed, de-
pending on the setting involved, in the first phase coincidence 
(in-phase transfer), after the busbar voltage has reached a 
permissible value (residual-voltage transfer) or after a param-
eterizable time has elapsed (time-controlled transfer). 

Initiation of the SUE 3000 via an optical communication link: 
The transmission of the initiation signals between the 
REF542plus and the SUE 3000 is realized by means of optical 
signals in the high speed transfer system. The SUE 3000 must 
be equipped with a Full Mainboard (Mainboard 6 Full Version, 
see SUE 3000 operation manual). 

The SUE 3000 is equipped with the following hardware:
 - Full mainboard (with optical interfaces)
 - Power supply
 - 3 binary input/output modules (static I/O boards)
 - Analog input board
 - Communication board (optional)
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2.3.3 VM1-T vacuum circuit-breaker

The VM1-T is a special version of the field-proven VM1 
vacuum circuit-breaker for use in medium-voltage substa-
tions. In contrast to circuit-breakers with a spring operating 
mecha-nism, the VM1-T is equipped with a magnetic operat-
ing mechanism, enabling extremely fast operating times.

This will be achieved due to the following characteristics:
 - Magnetic operating mechanism
 - Optimization of the magnetic flux
 - Intelligent control of the coil current
 - Storage of the energy required for a switching cycle in 

integrated energy storage mechanisms (only a small 
amount of auxiliary energy needed for switching)

 - Extremely fast operating times 

The VM1-T can be used in all standard air-insulated substa-
tions from ABB and from many other manufacturers as well.

Further characteristics can be found in the VM1-T vacuum 
circuit-breaker operating manual BA 543/01.

2.4  How the high speed transfer system functions

In the high speed transfer system both of the two indepen-
dent supplies are monitored by a REF542plus. In order to 
assure even faster reaction times, the REF542plus not only 
have available the usual protective functions but also two 
detectors developed specifically for the high speed transfer 
system to detect the location of the fault concerned:
 - FDI (Fast Direction Indiction) and
 - VS (Voltage Supervision) 

The FDI module continuously checks the power direction of a 
supply, while the VS module continuously checks for over- or 
undervoltage. Both modules are described in the REF542plus 
protection manual).

FDI and VS evaluate phase voltages and currents continuous-
ly. If a fault is detected in one of the two supplies, the relevant 
REF542plus will initiate the SUE 3000. In order to obtain 
additional performance, the REF542plus are connected to the 
SUE 3000 by fiber-optic cables.

2.5 Operation time of the high speed transfer system

The system's performance has been verified by comprehen-
sive testing under realistic conditions. The illustrations below 
provide examples of the reaction time achieved by the high-
speed transfer system:

Figure 3: Reaction time of the VS protection function.
 The time elapsing from detecting the voltage dip to issuing the trip command is in this case 3.2 ms.
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Figure 4: Reaction time of the system from occurance of the fault to opening of the main contact of the circuit-breaker of the fault supply (13 ms)

Figure 5: Reaction time of the system from fault to closing the main contact of the circuit-breaker of the reserve supply (21ms) 

Figure 6: Total transfer time of the HSTS (30 ms) exemplified on a single-phase voltage fault
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3.	 Technical	data	(*)

The times are referenced to the 
circuit-breaker VM1-T 1212-25

(*) Other technical data on request

Opening time VM1-T circuit-breaker 10 ms

Closing time VM1-T circuit-breaker 16 ms

Total transfer time (in case of a fast transfer) 30 ms

Auxiliary voltage supply 110 / 220 V DC

Rated frequency 50 / 60 Hz

Rated voltage 12 kV

Rated current 1,250 / 2,000 A

Short-circuit breaking current 25 kA
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Note:
We reserve the right to make technical changes 
or modify the contents of this document without 
prior notice. With regard to purchase orders, the 
agreed particulars shall prevail. ABB AG does 
not accept any responsibility whatsoever for 
potential errors or possible lack of information in 
this document.

We reserve all rights in this document and in 
the subject matter and illustrations contained 
therein. Any reproduction, disclosure to third 
parties or utilization of its contents – in whole 
or in parts – is forbidden without prior written 
consent of ABB AG.
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