
Good afternoon, everyone! I am very glad to have the opportunity to present new 

developments at RTDS Technologies.



RTDS is a Winnipeg company with 35 employees. It is  the leader in real time 

digital simulation for the power industry. At RTDS, we work hard to meet the 

technological challenges of the industrial by developing new hardware and 

simulation models.



On the hardware side, we have developed the PB5 processor card, GTNET card for 

network communication and GTSYNC card for time reference.



PB5 is our newest processor card. It has the same assembly instruction set as the 

GPC card. With its increased computing power and additional communication ports, 

we can simulate larger networks and more than one small time step sub-systems in a 

rack.



Here is comparison with GPC card. The clock speed is 1.7 GHz compared with 

1GHz for GPC. The load units per processor is 12 instead of 10. PB5 can handle 2 

network solutions each with 72 nodes (or 24 buses), much larger than the 66 nodes 

for the GPC. It has 6 communication ports which can be used for inter-card 

communications, such as small dt T-lines.



GTNET is a network communication card originally developed for IEC 61850. We 

have been adding new protocols in response to customer requests. Currently, up to 4 

communication protocols can be installed on a single GTNET card. However, only 

one protocol can be active during a simulation run.



The first two protocols on the GTNET are related to IEC 61850: GTNET-GSE for 

GSSE or GOOSE messages and SV for sampled values. GTNET-DNP implements 

the Distributed Network Protocol which can be used for SCADA interface. GTNET-

PB is our own protocol. It is used to play back a large set of slow changing data.



Here is the setup for traditional relay testing: voltage and current signals from 

power systems simulated on the RTDS are sent out to the relays through D/As and 

amplifiers, breaker control signals are sent back to the RTDS from the relays, 

forming a closed loop.



With GTNET, all the signals are sent with through GTNET cards, simplifying wire 

connections and removing the requirements for voltage and current amplifiers.



GTNET can send binary and analogue status signals to the DNP master and receive 

binary and analogue control signals from the DNP master. For DNP protocol, 

GTNET can only be operated as DNP salve. 



The playback protocol can feed data stored on a PC to an running simulation case. A 

typical application is arc furnace flicker mitigation with SVC or STATCOM.



GTSYNC card is designed to provide 1PPS time reference signals to PMUs and 

other devices. The 1PPS signal is also used to adjust the simulation time step clock 

on the RTDS to synchronize the entire simulation to the same reference and to 

produce repeatable results with known time reference.



On the software or model side, we have developed the following new models: ….



PMUs are phasor measurement units. They provide information about the voltage 

and current at point of installation in the form of phasors. It has been deployed for 

many years for system monitoring.



For wide area protection and control, PMUs can be installed at key locations to help 

operators make decisions.



RTDS PMU model can provide PMU metering function. Up to 8 PMU models can 

be simulated on a processor which makes it possible to have over 100 PMU’s in the 

test systems.The PMU models are designed according to IEEE standard. The 

measurements can be synchronized with 1PPS signal allowing simulated and 

physical devices in one simulation using common time reference.



GTNET has been programmed to support PMUs: 1 GTNET card can send out 

measurements from 8 PMUs. GTSYNC can provide an external 1PPS signal to all 

the PMUs both simulated and physical.



GTNET has been programmed to support PMUs: 1 GTNET card can send out 

measurements from 8 PMUs. GTSYNC can provide an external 1PPS signal to all 

the PMUs both simulated and physical.



MMC or Modular Multi-level Converters are a hot topic nowadays. A good 

reference by Siemens is listed here.



The first commericial MMC project was built by Siemens in the Bay of San 

Francisco. It is rated at +/- 200kV transferring 400MW of power through 88 km of 

sea cable.



MMC has redundant, modular design, resulting in high reliability and low 

maintenance requirements. With larger number of modules in each converter arms, 

there steps in the AC voltages are very small. Consequently, the harmonic contents 

are low and no AC filters are required. In normal operation, no more than one level 

per converter arm switches at any given time, resulting in low switching loss.



The RTDS small time step MMC model can have up to 56 levels of half or full 

bridges for each converter arm. One time step T-line can be used to connect more 

levels.

There is also an averaging model which can simulate up to 640 levels.



This is a single phase MMC inverter example. It is a small time step case. 

VSRCPOS and VSRCNEG provide the DC voltage for the converter. VA is the 

output AC voltage. There are 20 levels in each of the converter arms.



This is the RunTime screen shot. The plots on the left are firing pulses for the 

converter. The first plot on the right is the voltage on one of the capacitors in the 

upper arm. The second plot is the voltage on one of the capacitors in the lower arm. 

The third plot is the AC output voltage (VA).



CCC or Capacitor Commutated Converters have certain advantages. Commutation 

capacitors are added between converter transformer and the valves.



The capacitors provide reactive power to the converter, reducing converter 

transformer rating. The voltages on these capacitors also aid in the commutation 

process thus resulting in a more robust converter with higher immunity to 

commutation failures, making it suitable for applications with long cable or weak 

AC systems.



The RTDS model of CCC runs on GPC/PB5. There are arrestor models parallel with 

the capacitors. It has all the features of the conventional valve group model, such as 

... It takes 1/3 of a GPC card.



In small time step simulation, there is not enough time to implement frequency 

dependant T-line. A simpler fitted PI section model is implemented instead.



A typical frequency dependent resistance curve is fitted with R1, R2, R3 and L1, 

L2.



The conductance matrix of a machine is a function of time. To The conductance matrix of a machine is a function of time. To 

simplify the solutions, an interface approach is taken by most 

EMTP type simulation programs such as EMTDC and RTDS. 

An interface introduces an one time step delay between the 

machine and the rest of the network. The new model eliminate 

the interface and the conductance matrix is computed and sent 

to the network solution every time step resulting in a more 

robust and accurate machine model.



The machine model is suitable for generator protection tests with both external and 

internal faults.



This is a test case for machine fault. A stator phase A to ground fault is applied. The 

generator protection relay will open the breakers when the fault is detected.



This is the screen shot. The plots are: bus voltages at the machine terminal, voltage 

and current at the fault point, currents flowing into the machine.



There are also new models for renewable energy.



This is a simulation case for the wind farm at St. Leon, Manitoba. It is an induction 

machine type system rated at 1.65 MW.



Here we have the doubly fed induction generator connected to a wind turbine.



This is what inside the small time step box: an interface transformer, filters, a DFIG 

and two 2-level bridges converting AC to DC and then to AC of the power grid side.



The controllers are based on this paper. P and Q can be controlled separately.



This is the RunTime screen shot. The meters are steady state values. There are 

actually idential two DFIGs in the system. The first two plots are transformer 

secondary voltages and primary currents of the first DFIG in steady state. The last 

two plots are transformer secondary voltages and primary currents of the second 

DFIG when it is being deblocked.



We also have a permanent magnet type of synchronous generator for wind power. A 

rotor side converter converts AC into DC and a grid side converter then converts the 

DC to AC connecting to the power grid.



Here is a simulation case with Photovoltaic cells. We have the insolation level and 

temperature as inputs. The PV cell is connected to a Buck converter and a 2-level 

DC/AC converter feeding into the power network.



This is the RunTime screen shot. The system is in steady state. The first plot is the 

capacitor voltage and the second plot is the voltages at BusL.



The last model is a fule cell. The DC voltage is converted into AC by a converter.



Thanks very much for your attention. If you have any questions, please contact me 

by email.


