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Unit Price Total Price

No. Product Qty USD USD
Power Systems Lab

1. | Power Generation Trainer 2

2. | Power Synchronization Trainer 1

3. | Power Transmission Lines Trainer 1

4. | Power Factor Correction System Trainer 1

5 Power System Faults and Protection 1

" | Trainer

6. | Double Bus Bar System Trainer 1

7. | RLC Loads 6
Renewable Energies Lab

1. | PV System Trainer 1

2. | Wind Energy Trainer 1

3. | Hydroelectric power Trainer 1

4. | Fuel Cell Trainer 1

Total
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Power Systems Lab

A complete training electrical power systems lab that can be used to study in details all
main units of the real electrical power system as follows:

1) Power Generation Trainer (2 units):

3- phase synchronous generator with its own field and gain controllers (automatic and
manual modes), protection, and prime mover. A digital measuring means for field
current, armature current, field voltage, terminal voltage, speed of prime mover in RPM,
output real, reactive and apparent power, and frequency is required. A data acquisition
system for measuring all above mentioned parameters is preferred.

The above generation unit will be used to

1. Study generator operation at different loading levels and types.
2. Study protection of the generator using different types of protection relays.
3. Study controlling active and reactive power generation.

2) Power Synchronization Trainer (1 unit):

A trainer unit with automatic and manual synchronization modes that includes two 3-
phase synchronous generators (the synchronous generators mentioned above). Control
of active and reactive power share of each unit is required. It should also contain
measurement means and displays for all necessary parameters for synchronization.

The above unit will be used to:

1. Study synchronization between the two generators with each other.
2. Study synchronization between one generator and the main grid.
3. Study real and reactive power sharing.

3) Power Transmission Lines Trainer:

This trainer should offer the possibility to represent short, medium, and long line models
as much as possible. It should also offer the possibility of paralleling two transmission
lines. The study of compensation of transmission lines is also required. Transmission
line protection is necessary. Measuring equipment that measure and display voltages,
currents, powers at sending, receiving and intermediate points are necessary.
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1. Study single power transmission line and transmission lines in parallel.

2. Study transmission lines compensation methods.

3. Study transmission lines with different loading conditions, including surge
impedance loading possibility.

4. Study voltage profile and power loss in transmission lines.

5. Study protection of transmission lines.

4) Power Factor Correction System Trainer:

This unit is to be used for improving power factor of the load through the use of
capacitor banks, synchronous compensators, and static VAR compensator (SVC)
(automatic and manual) using static loads and also using dynamic loads. This unit
should be complete to satisfy its goals.

The above unit will be used to:

1. Study power factor correction under variable static and dynamic loads.
2. Improve voltage profile in transmission lines using SVC.

5) Power System Faults and Protection Trainer:

This unit will be used to study all possible faults on a power system and the required
protection devices. It should be complete with different types of protection relays and
circuit breakers.

The above unit will be used to:

1. Study the different types of faults like balanced three-phase symmetrical, single
line-to-ground, double line-to-ground, and line-to-line faults.

2. Study the operation of protection relays (adjustment and coordination) in
complete power systems under different fault types.

3. Study the principle of selectivity of circuit breakers.

6) Double Bus Bar System Trainer:

The system to have two inputs, one input to work as a master and the other input to
work as auxiliary. The master input to be the main electricity grid and the auxiliary to
be one of the Generators mentioned above. The system to have all needed power meters
to monitor and measure the power coming from the master input, from the slave input
and also the power supplied to the load. The system is to include all needed protection
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relays to protect the system at the switching time and also to protect the load. There
should be the possibility to run the system manually and also automatically.

7) RLC Loads:

Different combinations of RLC loads for each unit should be provided to the most
possible functionality required.

Notes:

o All needed connecting and testing leads should be provided.

o All necessary software, and computers if necessary, should be provided.

o Experiments’ manuals for instructor and for students in editable software forms
should be provided.

o Detailed and adequate training for two staff members at least should be
provided.

 Spare parts should be provided and they should be compatible with power
source (frequency and voltage ratings).
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Renewable Energies Lab

A complete Renewable Energies lab that can be used to study in details the
following systems:

1) PV System Trainer

e This trainer is aimed to enable students to investigate the I-V and the P-V
characteristics of the different solar cell types, effect of irradiation, temperature,
tilt angle, azimuth angle, and shadowing levels.

o Different sizes of modules, series and parallel connections of modules to form
arrays.

e Investigating on-grid inverters’ DC connection, AC connection, and configuring
the inverter and its settings.

e Investigating off-grid inverters’ DC connection, AC connection, and configuring
the inverter and its settings.

e Investigating hybrid inverters’ DC connection, AC connection, and configuring
the inverter and its settings.

e Investigating storage systems (battery banks) for-off grid and hybrid PV systems.

2)  Wind Energy Trainer
This trainer is aimed to enable students to investigate the wind turbine system
components, power-speed characteristic curve, Examining the Relationship Between
Wind Velocity and Wind Turbine Output Voltage (Loaded and unloaded Operation).
Wind turbine efficiency measurement. Cut in and cut off speed of wind turbines.
Measurement of voltage and current of wind energy with change in angle of blades
This training module should enable students:

o To study characteristics of wind velocity and generator power

o To analyze effect of pitching (blade angles) on performance of wind turbine

o To study yawing due to change in direction of wind

o To perform experiment to study work of inverter and measure its efficiency

o To study V-I characteristics of wind turbine

o To study working of MPPT charge controller

« To study working of DC application (load)

3) Hydroelectric power Trainer

o This trainer is intended to enable students acquire basic knowledge about

electrical turbines for the production of electric energy in small-scale plants
installed on small water streams. This 1nc1udes__all Lof some of the followmg

o * Studying hydroelectric energy _——
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4)

e Energy versus flow rate and difference in height of water pipe
* Losses of pressure

 Hydraulic efficiency

 Volumetric efficiency of the turbine

e Mechanical efficiency of turbine-generator set

* Electric efficiency of the generator

* Output electric power

Fuel Cell Trainer

This trainer is intended to enable students acquire basic knowledge about fuel cells
technology including the following:

* Basic Function of the Fuel Cell System

e Characteristic Curve of a Fuel Cell

e Parameters Influencing the Characteristic Curve
 Determination of the Hydrogen-Current Curve

« Efficiency of the Fuel Cell

* Set-Up a Fuel Cell Power Supply

« Efficiency of Fuel Cell Power Supply

Notes:

All needed connecting and testing leads should be provided.

All necessary software, and computers if necessary, should be provided.
Experiments’ manuals for instructor and for students in editable software forms
should be provided.

Detailed and adequate training for two staff members at least should be provided.
Spare parts should be provided and they should be compatible with power source
(frequency and voltage ratings).
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