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APTS3 Protection Relay Test Set 
 
 

·  Digital Signal Processing based technology 
 

·  Advanced low-noise high-frequency switching 
amplifier technology used throughout  

 
·  2000VA total high power / high burden outputs 

 
·  Effortlessly tests the highest burden 

electromechanical relays 
 

·  3x individually isolated 300V voltage sources (1x 
900V by series connection) 

 
·  3x individually isolated 35A current sources 

(1x 105A by parallel connection) 
 

·  Powerful 0-260Vdc battery simulator (for powering 
static relays) 

 
 
 

 
Overview 

 
Now in its third generation, the APTS three-phase protection relay test set is 
the flagship multipurpose relay test set manufactured by RES. The APTS 
utilises the latest digital signal processing based waveform synthesis 
techniques coupled with advanced low-noise switching amplifier technology. 
This combination enables the APTS to deliver precision waveforms at the 
highest output power available in a portable lightweight computerised test set 
anywhere. The highest burden single & three-phase electromechanical relays 
as well as the latest microprocessor based relays can be tested directly and 
without the need for additional accessories or amplifiers. 
A built-in auxiliary DC source for powering static relays is included as is a two-
channel storage oscilloscope/voltmeter instrument. 
The supplied WindowsTM based software package fully controls the test set 
from any suitable laptop computer. This comprehensive software package 
offers automatic testing modes for a large number of relay types as well as 
advanced manual testing facilities. 
 

System Concept 
 
The APTS receives commands from the controlling laptop/PC to output 
defined currents and voltages to the relay under test and respond to relay 
events like contact operations. All waveforms are digitally generated at high 
precision and resolution to the required amplitude, frequency and phase angle. 
These are amplified by the current and voltage output amplifiers and on to the 
relay under test. 
 

Generators / Amplifiers 
 
The APTS has six, very high power, DC coupled sources/amplifiers. These are 
tightly regulated and continuously monitored, maintaining accurate, low 
distortion, voltage and current levels independently of the supply input or load. 
If any APTS output deviates from its programmed setting for any reason 
(open/short circuit, overburden, etc.) then the operator is warned via a 
message on the PC & test set front panel. 
The use of advanced miniaturised switching amplifier technology results in 
very high efficiency (low heat generation) and exceptional power-to-weight. 
This technology also avoids many of the performance compromises inherent 
in older linear-amplifier based instruments. 
The current amplifiers in particular have a very high compliance voltage 
capability coupled with precise high-speed electronic regulation & software 
monitoring. This guarantees clean sinusoidal waveforms are produced, even 
into difficult saturating magnetic loads. 
Unlike many other test sets, each and every output is individually galvanically 
isolated from each other and instrument chassis, thus permitting 
series/parallel connections to be made. 
 

Single Phase Current Output 
 
Under software control, the three current amplifiers can be automatically 
connected in parallel or in series to obtain either 3x current or 3x compliance 
voltage capability of the individual current amplifiers. This is especially useful 
for testing IDMT overcurrent and sensitive earth fault relays (e.g. low tap 
settings/high-burden induction disk CDG types). These relays have 
traditionally been very difficult to accurately test without the power, extremely 
high compliance voltage and tight electronic regulation and monitoring of the 
APTS amplifiers. 
 
 
 

Digital Inputs & Outputs 
 
Relay operation is monitored by six inputs which can detect the operation of 
wet or dry contacts, relay control during application of faults is provided by the 
six contact outputs. The mode of operation of the inputs is set under software 
control. All Contact I/O is synchronised to waveform generation. 
Additional input/output capability is offered via the interface/expansion 
connector. This provides extensive analogue & digital I/O for the connection of 
optional accessories like the various relay interfaces & the RES GPS Clock. 
 

DC Source / Battery Simulator 
 
This auxiliary supply is used to provide a stable DC voltage to static relays in 
the absence of a tripping supply/substation battery. A high-surge capability 
overcomes the high start-up current required by many relays.  

 
Two Channel Storage Scope / Voltmeter 

 
This unique built-in instrument allows the sampling of analogue signals to take 
place together with all six Contact Input events. The two channels are 
individually isolated and have programmable gains from 10 to 500V. The 
acquisition memory is sufficient for 3.5 seconds of data to be recorded.  
Acquisition is synchronised and occurs simultaneously to waveform 
generation.  All output as well as input waveforms & digital events are 
displayed together in the Scope Display on the controlling laptop/PC. 
 
 
 
 
 

APTS - History 
 
The original APTS Mk.1 test set first saw service in 1983. Initially developed 
within what is now the UK's National Grid Company, the Mk.1 APTS was the 
world’s first truly portable computerised protection relay test set. The APTS 
Mk.1 and later Mk.2 test sets have since become the standard automatic 
protection relay test set used in the UK as well as in many other countries. 
The Mk.3 APTS benefits from this long tradition and nearly two-decades of 
cumulative field experience to offer a thoroughly effective and proven solution 
for today’s relay testing requirements. 

 
The Company 

 
Relay Engineering Services Limited (RES) is a pioneering technology 
company that develops and markets specialised equipment & software 
solutions exclusively for the relay testing and power systems protection 
marketplace. 
The company is the UK market leader in automatic protection relay test 
equipment. RES is an ISO9001 registered company and has a long record as 
an approved supplier to every main Electricity Generation, Transmission, 
Distribution and Railway Maintenance Company in the UK as well as to over 
30 countries worldwide. 
All RES products are rugged, field-proven instruments designed to provide 
superior long-term service and reliability. This is backed up by responsive 
customer support services with comprehensive pre and post-sales technical 
backup from a team of highly experienced application engineers. 
The company also manufactures the single-phase ORTS relay test set and 
BTS and TCT test sets for testing substation tripping batteries and HV circuit-
breakers respectively.  
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Specifications - Generators / Amplifiers 
 
All current and voltage generators/amplifiers are totally independent and 
individually galvanically isolated from each other and instrument chassis. Each 
is tightly monitored for accuracy and waveform quality – any deviation from the 
programmed value (for whatever reason) is immediately reported to the user.  
 
Voltage Amplifiers (3x totally independent - spec below is for each) 

0-300Vac Range 
300VA* Power (continuous) 
0.01V Resolution 
<0.15% Error Typ., 0.25% Max, <0.15% Distortion 
External series connection permits single-phase 0-900V@900VA* 

Current Amplifiers (3x totally independent - spec below is for each) 
 0-35A Range 

� 90V peak (63Vrms) Compliance Voltage 
300VA* Power (continuous) 
0.001A Resolution 
<0.15% Error Typ., 0.25% Max, <0.15% Distortion 

Current Amplifiers – Single-Phase Parallel Mode 
 0-105A Range 

� 90V peak (63Vrms) Compliance Voltage 
900VA* Power (continuous) 
0.001A Resolution 
<0.3% Error Typ., 0.5% Max, <0.3% Distortion 

Current Amplifiers – Single-Phase Series Mode 
 0-5A Range 

� 270V peak (191Vrms) Compliance Voltage 
900VA* Power (continuous) 
0.001A Resolution 
<0.3% Error Typ., 0.5% Max, <0.3% Distortion 

Frequency 
DC to 4 kHz Bandwidth 

 0.001 Hz Freq Resolution 
 < � 10 ppm (< �  0.001%) Error (higher acc. available as an option) 

Mains Sync Feature: Software selectable precise PLL freq & 
phase lock to input supply freq. (40-70Hz) 

Phase Angle 
 0-360º Range 
 �  0.01º Resolution 
 < � 0.1º Error 
Auxiliary DC output (battery simulator, for powering static relays) 

0-260Vdc 
200W*/1.5A continuous Max, high-surge startup capability 
0.01V Resolution 
<0.5% Error, Ripple <0.2% of range 

*APPM (Amplifier Protection & Power Management) 
 A special sub-system within the APTS test set protects amplifiers 
and internal power supplies by monitoring individual amplifier 
power consumption, total power loading, temperatures, fan speeds 
etc. This system makes intelligent decisions about the levels of 
continuous and temporary overloads that can be sustained before 
the user is warned or the test suspended. This enables short-term 
overloads of up to four times the continuous ratings to be safely 
tolerated and dramatically extends the high-burden relay driving 
capability of the APTS even further. 
Fault conditions like overburden, short/open circuit, over-
temperature & externally applied voltages are instantly detected 
and a user warning is given. 
 
  
 
 
 
 

Required Laptop Computer (Controller) 
 
A standard PC compatible laptop/PC is required to control the APTS test set. 
Virtually any machine capable of running Win98/2000/ME/XP/NT4 is suitable. 
A minimum recommend spec is: Pentium processor, 32 Mb RAM, 2GB HD, 
1.44FDD or CD-Rom, standard parallel port. Optionally, the APTS can be 
supplied complete with high spec major-brand laptop or a ruggedised model.  
 

Demonstrations / Test Set Hire 
 
RES application engineers are available to demonstrate the APTS test set 
free-of-charge at any UK address and select countries overseas. 
The APTS can also be hired for periods from one week upwards.  Hiring can 
be a very cost effective option for customers needing to cover short term 
testing requirements or for even for evaluating test sets in-house prior to 
purchasing. A discount is offered on any subsequently purchased test sets 
proportional to hire charges paid.  
 

 
 
 
 
 

Miscellaneous Specs 
 
Scope Input (Analogue Input, Synchronised to waveform generation) 

2x Individually isolated channels 
� 10V, � 100V & � 500V Software selectable ranges 
Can be used as a voltmeter or as a storage oscilloscope 
< 0.5% Error, 12-Bit resolution 
Large acquisition memory permits recording time of up to 3.5sec 
(both channels, plus all 6 Contact In events at 10kHz sample rate) 

Contact Inputs 
6x contact inputs, individually isolated 
Software selectable as wet/dry, contact/2.5-300V AC/DC voltage 
Protected against wrong polarity or incorrect wet/dry selection 
10kHz sampling rate (� 0.1msec resolution) 

Timer (via any Contact Input, Synchronised to waveform generation) 
0-99999.9999 sec Range 
< 10 ppm (0.001%) Error, � 0.1msec Resolution 

Contact Outputs 
 6x contact outputs, individually isolated 

Rated 10A@300Vac or 1A@150Vdc 
10kHz update rate (� 0.1msec resolution) 

Isolation 
Each and every generator/ Scope In/Contact In/Contact Out is 
galvanically isolated from each other and chassis to 1500V 

Serial I/O 
RS232 interface for relay comms, Isolated to 500V 

PC Comms 
Parallel interface for control from PC printer port. 
Compatible with all PC printer port types 

Interface I/O 
37way expansion connector with 16 TTL in, 16 TTL out, analogue 
in, analogue out & +/-12V supply for external devices & interfaces 

Input Power 
Fully automatic universal input: 90-260V 45-65Hz AC 
200W no load, 2400W continuous max 
Active Electronic Power Factor Correction

� ����� ����	 
�
��

 
Physical  

380x210x400mm (not including handle) 
17.5kg Weight 

Environmental 
0-50°C Operating Temperature 
5-95% Relative humidity (non-condensing) 
IP20 Protected Enclosure 
CE Marked, Tested to EN50081-2 (emissions) & EN50082-2 
(susceptibility) 

  
 
 

Training 
 
In order to extract the maximum benefit and cost-savings from automatic relay 
testing, RES recommends new and existing users take up the option of a 
tailored training package. 
Training can take place at RES premises near London or at any customer 
location worldwide. All training is administered by one of our highly 
experienced and qualified protection engineers, all of which are skilled in the 
use of the APTS as well as general aspects of Power Systems Protection. 
 

Warranty / Calibration 
 
All RES test sets carry a worldwide 12-month warranty. Thereafter, a fixed-
price yearly service & calibration contract is available. 
Annual calibration is recommended to maintain accuracy. RES provide a quick 
turn-around calibration service traceable to UK national standards. The APTS 
is calibrated in a ‘closed-box' software-based manner, thus enabling suitably 
equipped customers to calibrate the unit in-house. 
 

Ordering Information  
 

code: APTS3A code: TSCSE3 Code: TSCON 
 

 
 
APTS3 Test Set, includes: 

Full Software on CD-ROM 
Padded protective case 
PC/ORTS comms cable  
Set of testing & pwr cables 
Operating manual 
Calibration certificate 

 
Optional airtight 

& waterproof 
transport case 

with wheels and 
retractable 

handle 
 

 
Optional Laptop 
for use with 
APTS. 
Specify TSCON1 
for std. Spec or 
TSCON2 -  rugged 
Panasonic 
Toughbook 

 
 
Our policy of continuous product improvement may mean that equipment supplied differs slightly 
from specifications in this publication – check at time of ordering. 
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APTS Protection Testing Software Package 

 
 
·  Total test set control from any WindowsTM PC/Laptop 
 
·  Fully Automatic Relay Testing or 

 
·  Comprehensive Manual Control

 
·  Oscilloscope-type display of all input and output 

analogue quantities & relay contact operations 
 
·  Full results archiving, display and printing facilities 
 
·  Error and Trend analysis of test results 

 
·  Full traceability of results to test set hardware, 

software and calibration data 
 
·  Evaluation version available from www.relayeng.com 
 
 

 
 

Overview 
 
All relay testing and control of the APTS test set is performed from within the 
supplied software package. This package includes generic test routines for a 
wide range of relay types as standard. These generic test routines can be 
used as-is or each can be extensively customised to the user's individual 
requirements. Once any relay test is saved, the relay settings and any test 
customisation done are saved with that test. Any saved test can be used as a 
‘template' for future tests. This speeds up the testing of identical or similar 
relays later. 
 
The APTS has facilities to test all types of protection relays ranging from 
simple overcurrent, or voltage relays to complex distance or phase 
comparison relays. Generator relays are also catered for and all of the facilities 
required for embedded generator relay testing are covered. Also included in 
the software are comprehensive manual testing facilities. 
 
Sampled data from COMTRADE files (or the internal 2-ended fault-calculator) 
can be re-injected. Synchronised injections can be performed with test sets at 
remote locations using the optional RES GPS Clock interface.  
 
Comprehensive test result handling and analysis facilities are included like a 
results archiving system, printing, error analysis and trend analysis. All test 
conditions and APTS test set details including calibration date are stored as 
part of the test results file. The ability to store and subsequently retrieve results 
using local/remote substation codes as well as the relay type allows Company 
wide results archives to be easily maintained and searched. Results both 
textual and graphical can be transferred to other Windows™ applications. 
 

Automatic Testing – Standard Generic Testing Modules 
 
A number of automatic testing modules are provided as standard for testing 
generic relay functions:  
 

Generic Type Sub Types 
  
Current IDMT Overcurrent, Earth fault, Instantaneous 
Energy Meters (Requires Meter Test interface) 
Distance   
Frequency Under & Over Frequency, Rate-of-Change-of-

Frequency, Overfluxing 
Loss-of-Field  
Pole Slip  
Reclose Sequence  
Replay Data COMTRADE or internal 2-ended fault simulator 
Synchronising Static Sync Check, Sync with Slip 
Thermal 1 or 3 Phase 
Transf. Differential 2 or 3 Winding, 1 or 3 Phase 
Voltage Under, Over Voltage & Unbalance (PPS/NPS) 

 
Most generic testing modules also include manual testing features appropriate 
to that relay type. For example, clicking at the appropriate point on polar-
plots/timing-curve/bias-curves etc. will do an instant test on the relay at that 
point. Manual testing results can be saved with the main automatic test results 
if desired. 
 
 
 
 
 
 
 

Automatic Testing – Overview 
 
The first step to automatically test a 
relay is to select from a menu the type 
of relay to be tested. This is done 
either as a generic relay type or as a 
specific model type, if available. 
 
Depending on the test type, the next 
step is usually to enter the settings of 
the relay & select the types of tests 
appropriate to that relay that are 
required to be performed. This step 
can be skipped if a previously saved 
test is used as a ‘template'.  
 

As an example, the settings 
window for a generic Current 
Relay is shown on the left. 
Directional & Non-directional 
versions of IDMT Overcurrent, 
Earth Fault & Instantaneous sub-
types are all catered for and 
various types of tests applicable 
to that relay sub-type can be 
selected as desired (Creep, 
Reset, Polar-plot, polarising 
sensitivity etc. All tests are 
extensively customisable, for 
example the number and type of 
test points for the timing curve 
test can be freely changed from 
the defaults given. 

 
The display below shows the results of a test on an IDMT overcurrent relay. 
The error limits on the time plot (drawn in red) are calculated from the type of 
curve that was specified. 

Whilst any test is in progress, the test results are displayed as they are found 
along with the voltages/current/frequency/impedance as they are applied to the 
relay on each injection. After a test is complete, individual tests points can be 
instantly repeated if desired by clicking on that point in the test result table, or 
by clicking at the appropriate point on the graph. 
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Automatic Testing (continued) 
 
A full results archiving system is implemented, together with error analysis (for 
comparing predicted vs. actual results) and a trend feature (for comparing test 
results for the same relay over a period of time). All relay settings, test results 
and any test customisation done are saved as part of the test result. Any 
subsequent tests can use a previously saved test as a ‘Template', so that an 
identical test can be repeated at a later date, or altered as desired for e.g. 
different relay settings but same type of test and customised test procedure. 
 
When testing, each result is found by varying the parameter to be found, 
current, voltage impedance etc. using binary search techniques. For each 
injection in the search both prefault and fault conditions are used. This method 
of testing ensures that the relay is presented with conditions which most 
closely simulate true power system faults. 
 
Below are shown the Polar Test and the Time Curve Test for a distance relay 
using the Generic Distance relay test module. 
 
Also available in these 
test modules (as for all 
other test types) is the 
ability to perform manual 
timing tests. This is 
achieved by positioning 
the cursor on the plots at 
the required impedance 
and then clicking the 

mouse, the operate time 
at this impedance is then 
found. Additionally, in the 
Polar Test window, power 
swings can be simulated 
by selecting with the 
cursor a sequence of fault 
impedances to apply to 
the relay. 

 
Similar tests to those shown for time delayed relays can be performed on 
instantaneous overcurrent relays, in addition during manual timing tests 
transient overreach can be checked by testing at selected X/R ratios. 
 
This display shows 
the results of a test 
on a transformer 
differential relay. 
Tests being 
performed to find 
the setting, reset, 
operate time, 
harmonic restraint 
and bias curve. As 
usual, manual 
timing tests can be 
performed by 
clicking the cursor 
on the bias plot. 
 
The APTS can test a very wide range of different relay types including, voltage 
relays, frequency relays, synchronising relays, directional relays, phase 
comparison relays etc. Whatever the type of relay to be tested, a consistent 
approach is used in the entry of test details, way of performing and controlling 
tests and in the subsequent accessing of test results. This greatly reduces the 
training required to get the maximum possible use from the APTS and its 
software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Manual Testing Overview 
 
Fully comprehensive 
stand-alone manual 
testing facilities are 
available. This is in 
addition to the 
manual testing 
features available in 
the Automatic tests. 
Two types of manual 
tests are available, a 
universal variable 
three-phase source & 
a manual impedance 
test. This display shows the manual Impedance test screen, typically used to 
do quick checks on distance relays. A transmission line model is implemented 
and all parameters, including system source impedance and fault impedance 
presented to the relay can be changed in real-time by the use of thumbwheel 
switches. The voltages and currents at the relay location are shown, as is a 
phasor diagram of these quantities. Pre-fault and Fault conditions can be 
produced and timing tests performed. The universal variable three-phase 
source screen enables the three voltages and three currents to be altered in 
magnitude, phase and frequency. This is done either by using the 
thumbwheels, typing values on the keyboard or by dragging the phasor of the 
output to be changed on the phasor diagram. Additionally, in all the manual 
tests, operate time, point on wave fault application and pre-fault/post-fault 
injection sequences are all possible, together with the use of the Scope 
Display described below. 
 

Scope Display 
 

The Scope Display 
shown here is an 
excellent analytical and 
investigative tool that 
can be used during 
manual tests and 
COMTRADE replay 
tests. The top half 
displays the APTS 
outputs (current and 
voltage waveforms 
plus the status of the 
Contact Outputs).  

The bottom half displays APTS inputs (analogue signals connected to the two 
Scope Inputs plus the changes of state of the contact inputs). This screen is 
updated at the end of every injection and shows both pre-fault and post-fault 
data. Current and voltage as well as time measurements can be made with the 
cursor. The data on this screen can be saved for later analysis or re-injection. 
The APTS contains enough internal memory for 3.5 seconds of data to be 
output (6x analogue channels of 16-bits each + 6x Contact Out). 
Simultaneously and synchronously, up to 3.5 seconds of data can be acquired 
(2x analogue at 12-bits + 6x Contact In), all at a 10kHz sample rate. 
 

Sampled Data (COMTRADE) Replay 
 
Recorded fault 
data or EMTP/ 
ATP simulations in 
the COMTRADE 
format can be 
loaded into the 
‘Replay Data' 
module. Analogue 
and digital 
channels can be 
freely scaled and 
assigned to any 
amplifier and 
contact outputs of 
the APTS. 
 
Additionally, a two-ended transmission line fault calculator is included, 
permitting a wide range of faults to be generated. 
The RES GPS Clock Interface, used for end-to-end testing, is fully integrated 
with the Replay Data module, with all location & time data being displayed on-
screen and saved with test results. 


