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Design Exercise: Selection of Motor Drive Systems and Three Phase Rectifier Circuits




Task 1
1.0 Introduction

Motor control methods are dependent on the process they are controlling. Operating environments, load, reliability requirements, maintenance implications and cost all affect the system implemented. 
In this report, example motors from a factory motor drive refit have been given, with requirements for the type of control and power. This report has considered the use of ABB drives as a primary supplier because a company refitting a plantwide drive system would be wise to remain with one, or very few manufacturers products. This can improve the technical support available, limit spares variety, programming and software tools for maintenance, data transfer and communication.
Motor drive system upgrades can be a significant investment. However, if the choice is taken due to current aging equipment, the system efficiency increase, long term energy and cost savings can provide a basis for a sound investment.
Table 1 lists motor starting and control technologies. A list of features in the left column allows comparison to be drawn to the requirements of the specified motors.
	
	Control Method

	Features
	Standalone VFD
	VFD/Common DC Bus
	DOL/Contactor Start
	Soft Start

	Variable Speed
	Yes
	Yes
	No
	No

	Reversable
	Yes
	Yes
	Yes
	Only with reversing contactor

	Regenerative/dynamic braking
	Model Specific
	Yes
	No
	No

	Inbuilt Motor protection
	Yes
	Yes
	external thermal trip/fuses auxiliary blocks
	Thermal overload. Diagnostic ability on certain models

	Analogue I/O
	Yes
	Yes
	No
	Model specific

	Digital I/O
	Yes
	Yes
	Aux contacts for feedback. Coil terminals for remote start
	Model specific

	Communication/SCADA
	Yes
	Yes
	No
	Model specific

	Cost
	High
	High
	Low
	Medium

	Energy Efficiency
	High
	High
	Low
	Medium

	Maintenance consideration
	Low
	Low
	High
	Low


Table 1 - Motor Control Technology Overview










2.0 Motor Control Methods

2.1 Motor A

	Application
	Rolling Mill

	Power
	500KW

	Voltage
	400

	Phases
	3

	Reversable
	Yes

	Variable Speed
	Yes

	Quantity
	5



Selected Technology: VFD - Individual
This motor must be variable speed and reversable, a VFD is recommended. In a rolling mill application, the motors will be required to work under close control to maintain tension in coils. ABB, provide the ACS880-07-0880A-3 series that are applicable to a 500KW motor [1]. 
These drives feature:
· Ultra-low harmonics
· IE2 efficiency compliance
· Communication protocols including profinet, field bus etc for communication with SCADA systems, other drives, and PLC’s. This enables them for industry 4.0 applications.
· Advanced programs for synchronisation, closed loop control and PID loops.


2.2 Motor B

	Application
	Gantry Crane

	Power
	80KW

	Voltage
	400

	Phases
	3

	Reversable
	Yes

	Variable Speed
	Yes

	Quantity
	10



Selected Technology: VFD – Common DC Bus
The application needs to be variable speed and reversable, a VFD system, with a common DC bus is recommended. Cranes can utilise the dynamic braking from lowering loads and traversing for power regeneration. Power generated can be used in cranes motoring. ABB ACS880 series drives can be specified with the power requirements and as multidrive common DC bus systems. These drives feature crane specific control algorithms for load sway correction and multi hook synchronisation [2].
2.3 Motor C

	Application
	Conveyor

	Power
	10KW

	Voltage
	400

	Phases
	3

	Reversable
	No

	Variable Speed
	Yes

	Quantity
	23



Selected Technology: VFD – Common DC Bus
Variable speed is needed so a VFD system can be used. Conveyors may feature both downhill and uphill arrangements, this can provide efficiency improvements through regeneration. Like Motor B, a common DC bus regenerative drive system is recommended. This will require one three phase supply to a multi drive cabinet with common DC bus and individual VFD drive outputs. The ABB system [1], can provide the capacity needed. 






2.4 Motor D

	Application
	Cutting Machine

	Power
	5KW

	Voltage
	400

	Phases
	3

	Reversable
	Yes

	Variable Speed
	No

	Quantity
	17



Selected Technology: Soft starter and Reversing Contactor
A compact soft starter coupled with a reversing contactor will be adequate for this system. Soft starters limit mechanical stress on the motor and coupled system while lowering inrush current. Modern soft starters are as compact as standard DOL systems. An example unit is the ABB PSR12-600-70 [3]. While Initial costs will be higher, there will be less wear on the system, reducing downtime due to failure and maintenance requirements.
2.5 Motor E

	Application
	Pump/Fan

	Power
	1KW

	Voltage
	230

	Phases
	1

	Reversable
	No

	Variable Speed
	No

	Quantity
	127



Selected Technology: Single Phase DOL Starter 
Volume to be installed requires simple, low- cost implementation. No remote or automated start has been specified, therefore a simple push button DOL start unit such as RS: 909-4089, 240VAC built in thermal trip DOL unit [4]
3.0 Conclusion
After comparison of current motor control technology, the suggestions for each motor are as follows.
· Motor A – VFD - Individual
· Motor B - VFD – Common DC Bus
· Motor C - VFD – Common DC Bus
· Motor D - Soft starter and Reversing Contactor
· Motor E- Single Phase DOL Starter



Task 2

1.0 Introduction

The use of semiconductor components to rectify three phase AC to DC is a fundamental element of variable frequency drives (VFD’s) for motor control applications. This report covers the most common topologies of bridge rectifier. These include,
· 6 pulse diode full bridge rectifiers
· 12 pulse diode rectifiers
· Thyristor or Silicon Controlled Rectifier (SCR) controlled active rectifiers
· IGBT Pulse Width Modulated rectifiers.
Rectification strategies involving diodes and SCR’s are known generators of unwanted harmonics on power lines due to the rectangular current waveforms produced when devices switch. 
Power systems have a natural resonant frequency depending on their impedance, the addition of power factor correction capacitor banks can lead to resonance due to harmonic currents. The large currents flowing due to harmonic resonance can damage these capacitors or cause disruption to a system due to fuses blowing [5]. Harmonic currents in conductors can lead to heating, and therefore power losses in transmission lines [6]. The other effects of harmonics are documented, along with recommendations for omitting them with the use of active and passive filtering in [7]. This document gives guidance for the acceptable levels of harmonic distortion in various systems.
In order to see the effects of diode and SCR rectification on voltage and current harmonics in each phase, these circuits have been modelled using SIMULINK. 


2.0 Diode Rectifier

One of the most common power electronic components used for three phase AC rectification is a semiconductor diode. Diodes are self-commutated, allowing them to be arranged so that they conduct both positive and negative half cycles per phase. For a three-phase diode 6-pulse rectifier, 6 diodes are arranged where current flows during six different moments during every cycle of the input line frequency [8] .
2.1 	6-Pulse Diode Rectifier Simulation

Figure 1 displays a Simulink model of a 6-pulse diode rectifier. The simulation circuit contains:
· 6 diodes and snubber components arranged in a bridge rectifier
· An ideal three phase source of 400V Ph-Ph RMS. No source impedance is modelled
· Voltage and current measurement block
· Rectifier is connected to a purely resistive 50Ω load with no DC link filter capacitor
· [image: ]Output voltage and current probes for DC measurement.Figure 1 - 6 pulse diode rectifier model













From this simulation input current and voltage distortion can be measure along with the current waveform through each diode. Using MATLAB, Total Harmonic Distortion (THD) of the input current and voltage can be analysed. 



2.2 Voltage and Current Waveforms 6 Pulse Rectifier

Figure 2 displays the current flowing through each diode in the rectifier. These are rectangular, and therefore contain harmonics that influence the input current waveform.
[image: ]Figure 2 Diode Current 6 Pulse Rectifier













Figures 3 and 4 display the voltage and current waveforms of the 6-pulse diode system.



 [image: ]
Figure 3 - Input Voltage Waveform 6 Pulse Diode Rectifier
[image: ]Figure 4 - Input Current Waveform 6 Pulse Diode Rectifier














	

2.3 THD and Power Factor

From figure 4, the waveform has experienced significant distortion due to the harmonic currents caused by the diodes conducting. Figure 3 shows little distortion to the voltage waveform, minor notching occurs at the diode switching point. 
Figures 5 and 6 display the THD of the voltage and current waveforms using the MATLAB Power GUI FFT tool. 
[image: ]
Figure 5 - Voltage THD




[image: ]
Figure 6 - Current THD
From figure 6, the 5th, 7th, and 11th harmonic cause distortion to the current waveform yielding a THD of 30.03%
From the Fourier series, all waveforms can be represented as the sum of individual sine and cosine functions [9].

The rectangular waveform in figure 2 can be made from the sum of the fundamental frequency and odd harmonics, i.e., 3rd, 5th, 7th, 11th, 13th, and 17th. The square current wave appears frequently in rectifier circuits, the total line current is the rms value of fundamental component and the sum of rms values of harmonic currents, therefore the total distortion in the input current waveform is the ratio of the rms harmonic currents,  , and the rms fundamental current, . [10] 
Where, as defined in Electrical Machines, Drives and Power Systems:

Therefore:






Total power factor is the product of the distortion power factor and displacement power factor. 



In the simulated ideal rectifier, the current and voltage are in phase, therefore the displacement power factor is unity, however the distortion power factor due to harmonics in the current waveform is defined as 0.955 in an ideal rectifier [10]. From this, as distortion due to harmonics increases, total PF is affected.


























2.4 DC Output: 6 Pulse Diode Rectifier

Figure 7 displays the output voltage. No filter capacitor has been included in order to examine the ripple voltage of the output. 
[image: ]
Figure 7 - Output DC Voltage

VDC of a three phase 6 pulse rectifier is given as: 



where,  is DC output voltage,  is V line-line RMS. [8] 
The output voltage is across a 10KΩ load to mitigate and voltage drop due to load current. The measured ripple is 70VDC, with a peak output of 564VDC. 
6 pulse diode rectifiers, are simple systems, being line commutated, they require no additional control circuitry. This makes them reliable and rugged providing the devices are rated for the voltages and currents present. Harmonic filtering can be achieved through tuned passive filters. This is a low cost, high power system, where the effects of harmonic currents should be weighted with its simplicity of implementation.



3.0 12 Pulse Diode Rectifier

THD and output voltage ripple of a Three-Phase rectifier can be minimised by using multiple order rectifiers. 12, 18 and 24 pulse rectifier circuits are often employed. 
12 pulse bridge rectifiers consist of two six pulse rectifier circuits connected in series. The two bridge circuit inputs are connected to a three-winding transformer with a star primary. Bridge one is connected in Star, therefore in phase with the line waveforms and bridge two is connected in a delta arrangement. The Delta connected bridge is phase shifted by 30° leading the input line voltage [11]. Phase shifting now creates peaks for the second diode rectifier bridge to conduct, this shortens the time between one diode conducting and another commutating, increasing the number of pulses. To compensate for the peak voltage disparity, the delta transformer winding ratio is adjusted to bring the peak output voltage to that of the in-phase star system. This is achieved in simulation by adjusting the secondary winding inductance of the delta transformer using the equation below [12].

3.1 	12 Pulse Rectifier Simulation

[image: ]Figure 8 displays the Simulink model for a 12-pulse rectifier. Simulation properties follow that of section 2.1. Figure 8 - 12 pulse Diode Rectifier


















[image: ]Line voltage and current are shown in figures 9 and 10.Figure 9 - Line Voltage














[image: ]Figure 10 - Input Current Waveform

	


From figure 10, it can be seen that the current waveform is much more sinusoidal than the 6-pulse rectifier. Increasing the number of pules has reduced the dominant harmonics leading to lower distortion. Figures 11 and 12 display the THD analysis of the input current and voltage.
[image: ]
Figure 11 - Voltage Harmonic Analysis
[image: ]
Figure 12 - Current Harmonic Analysis



Table 2 displays the comparison between 6 and 12 pulse diode rectifier voltage and current %THD.
	Voltage THD
	Current THD

	6 Pulse
	12 Pulse
	6 Pulse
	12 Pulse

	THD (%)
	0.97
	THD (%)
	0.37
	THD (%)
	30.03
	THD (%)
	3.23



Table 2 - Voltage and Current THD
A simulated 12 pulse rectifier has decreased the Voltage THD by 62% and the current THD by 89% compared to a simulated 6 pulse rectifier.
From section 2.2, as the THD is lower, the distortion power factor is increased.
3.2 DC Output: 12 Pulse Diode Rectifier

Figure 13 displays the output DC voltage with the cursors set to measure the ripple voltage. The Ripple measured when connected across a 10KΩ load is approximately 25VDC.
[image: ]Figure 13 - 12 Pulse Rectifier DC Output



















4.0 Thyristor Rectifier 

Thyristors, also known as Silicon Controlled Rectifiers (SCR’s) semiconductor electronically controlled switch with the use of a gate terminal. A thyristor will not turn off with removal of the gate current, only when the anode current becomes zero [13].
The ability to turn on an SCR at will has led to them commonly being used in active rectifier circuits.
4.1 SCR Rectifier Circuit Simulation

Figure 14 displays a thyristor rectifier circuit. Properties of this simulation are:
· An ideal three phase source of 400V Ph-Ph RMS. No source impedance is modelled
· Voltage and current measurement block.
· Six pulse Thyristor bridge unit
· Rectifier is connected to a purely resistive 50Ω load with no DC link filter capacitor or inductive line chokes
· 6 pulse gate firing unit
· Phase locked loop for timing of pulses to phase A zero crossing point
· Scopes for measurement of voltages and currents

[image: ]Figure 14 - SCR Active Rectifier Circuit















As there are 6 devices, over one cycle of 360°, a gate pulse needs to be sent to each diode every 60°. This will fire the SCR’s at their zero-crossing point where the system will behave similarly to a diode rectifier. In the gate triggering control box, the input alpha determines the phase angle delay. This allows the SCR to be fired after some delay allowing the effective DC output voltage to be controlled. 
4.2 Voltage and Current Waveforms

Figure 15 displays the voltage and current waveforms of L1 with a firing angle, α = 0°. This triggers the SCR’s at zero crossing point, making the system behave like a diode rectifier, exhibiting the same rectangular current waveform and its associated harmonic distortion.
[image: ]Figure 15 - Voltage and current waveforms at α = 0°.

























Figure 16 displays the voltage THD at α = 0°
[image: ]
Figure 16 - Voltage THD α = 0°.
Figure 17 displays the current THD at α = 0°
[image: ]
Figure 17 - Current THD α = 0
At α = 0°, the voltage and current are still in phase.


[image: ]Figure 18 displays L1 voltage and current waveforms for a firing angle α = 30°.Figure 18 - Voltage and current at α = 30°.















From figure 18, the voltage and current waveforms are now out of phase by the firing angle α = 30°. This will affect the displacement power factor of the system.
Figure 19 displays the THD of the Current waveform with a firing angle of α = 30°.
[image: ]
Figure 19 - Current THD at α = 30°.
Figure 19 shows an increase in harmonic distortion with a phase angle firing delay. These harmonics arise from the switching of the thyristors. Therefore, as the delay angle increases, THD in the current waveform tends to increase.
4.3 DC Output of SCR Controlled Rectifier

One of the main motivations for using Thyristor Controlled rectifiers is the ability to control the output DC voltage and current by changing the firing angle of the SCR’s [14]. From section 2.4, VDC of a three phase 6 pulse rectifier is given as: 

Therefore, the output DC voltage of a phase-controlled rectifier is:

[image: ]Figure 20 displays the DC voltage at α = 0° and α = 30°. To reduce output ripple, 2, 100mH choke inductors have been placed in the positive and negative DC lines along with a 10µF DC link capacitor.Figure 20 - Output DC Voltages for Controlled Rectifier















From figure 20 it can be seen that increasing the firing angle between 0 and 90° drops the DC output voltage. 


4.4 Power Factor of 6 Pulse Thyristor Rectifier

From 2.3, total power factor of a 6-pulse rectifier is shown below.

Where DF is defined as 0.995 and the displacement factor is the cosine of the firing angle.

From this, as the firing angle increases, current becomes more out of phase with voltage and the rectifier absorbs more reactive power. The total power factor drops.
5.0 Pulse Width Modulated (PWM) Rectifier Circuits

Diode and thyristor rectifier circuits can be considered line commutated rectifiers, as the devices only turn off according to the line voltages and currents. As shown in previous sections, this leads to rectangular current waveforms, unwanted harmonics, and poor power factor in the case of the active SCR rectifier. 
PWM rectifiers utilise high power fast switching devices such as IGBT’s. These are force-commutating devices, meaning they can be turned on and off very precisely and at very high frequencies whilst being able to handle large currents [15].
PWM Rectifiers can be categorised as constant voltage or constant current circuits. Constant voltage rectifiers are a boost type converter and can create a DC Link voltage with very low ripple, they are coupled with a large DC link capacitor to maintain the link level with feedback control loops. Current type PWM Rectifiers maintain the current level in the DC Link and load. 
PWM rectifiers have the ability to modulate the input voltage and current waveforms to respond to reactive power, therefore maintaining a high power factor at the source. [15] [16]
PWM rectifiers can adopt a selective harmonic elimination (SHE) control method to reduce THD. The Fourier coefficients of the harmonic to be eliminated are calculated, then switching angles are determined to bring them to zero [17].
The Use of IGBT’s and other forced commutating devices makes PWM rectifiers bi-directional, therefore regenerative. This is useful in applications such as regenerative braking in cars and locomotives providing negative torque and charging system batteries. [18]




6.0 Conclusion

Rectifier design has a major influence on the THD and power factor of a power system in relation to VFD’s. From the simulated circuits and analysis some concluding observations can be seen:
· Standard 6 pulse diode rectifiers create significant 5th and 7th harmonic currents leading to current waveform distortion. However, they are lower cost and simple to implement. Harmonics can be filtered to mitigate their effects.
· Increasing the number of pulses in a rectifier system can reduce low order harmonics, therefore improving distortion power factor and lowering THD. However, the additional semiconductors and phase shifting transformer can add cost and bulk to a system.
· Active rectifier circuits add complexity through gate triggering circuitry, total power factor is affected due to phase angle delay firing. 6 pulse systems create significant THD. Additional pulses can reduce harmonics as in the standard diode system. The ability of controlling the DC output power may be desirable for some applications.
· IGBT PWM rectifier/Converters can reduce harmonics through SHE, provide power factor correction of input waveforms through modulation. As they are force commutated, they can be applied in regenerative systems such as braking. They do require complex PWM signal generation and feedback control loops to maintain efficiency.


	[1] 
	ABB , “ACS880 single drives Catalog,” 22 06 2022. [Online]. Available: https://search-ext.abb.com/library/Download.aspx?DocumentID=3AUA0000098111&LanguageCode=en&DocumentPartId=1&Action=Launch. [Accessed 04 2023].

	[2] 
	ABB, “Crane control and safety with ACS880 Drives,” 04 04 2018. [Online]. Available: https://search-ext.abb.com/library/Download.aspx?DocumentID=3AUA0000157591&LanguageCode=en&DocumentPartId=1&Action=Launch. [Accessed 20 04 2023].

	[3] 
	ABB, “Softstarters PSR, PSE and PSTX,” [Online]. Available: https://docs.rs-online.com/63fb/0900766b8138b45b.pdf. [Accessed 20 04 2023].

	[4] 
	RS Components, “RS PRO 1.1 kW DOL Starter, 240 V ac, 1 Phase, IP55,” [Online]. Available: https://uk.rs-online.com/web/p/motor-starters/9094089. [Accessed 20 04 2023].

	[5] 
	M. K. M. T. N. Eghtedarpour, “Harmonic Resonance in Power Systems - A Documented Case,” in 16th International Conference on Harmonics and Quality of Power, 2014. 

	[6] 
	T. Wildi, “Harmonics,” in Electrical Machines, Drives and Power Systems, Harlow, Pearson Education Limited, 2014, pp. 867-899.

	[7] 
	IEEE, IEEE Recommended Practices and Requirements for Harmonic Control in Electrical Power Systems, New York: IEEE, 1992. 

	[8] 
	T. Wildi, “Three-phase 6-pulse rectifier,” in Electrical Machines, Drives and Power Systems Sixth Edition, Harlow, Pearson Education, 2014, p. 505.

	[9] 
	J. Bird, “Fourier Series of periodic and non periodic functions,” in Electrical Circuit Theory and Technology, Abingdon, Routledge, 2017, p. 585.

	[10] 
	T. Wildi, “Harmonic content and THD,” in Electrical Machines, Drives and Power Systems, Harlow, Pearson Education Limited, 2014, p. 511.

	[11] 
	B. Wu, “Series-Type Multipulse Diode Rectifiers,” in HIGH-POWER CONVERTERS, Hoboken, John Wiley & Sons, 2006, pp. 47-51.

	[12] 
	T. M. A. Arief Hernadi, “Modeling and Simulation of 6-Pulse and 12-Pulse Rectifiers under Balanced,” in Second Asia International Conference on Modelling & Simulation , 2008. 

	[13] 
	T. Wildi, “The Thyristor,” in Electrical Machines, Drives and Power Systems, Harlow, Pearson Education Limited, 2014, p. 512.

	[14] 
	A. M. Trzynadlowski, “4.2 PHASE-CONTROLLED RECTIFIERS,” in Introduction to Modern Power Electronics, Hoboken, John Wiley & Sons, Inc, 2016, pp. 130-149.

	[15] 
	A. M. Trzynadlowski, “4.3 PWM RECTIFIERS,” in Introduction to Modern Power Electronics, Hoboken, John Wiley & Sons, Inc, 2016, pp. 149-178.

	[16] 
	M. H. Meifang Xue, “Control of Unit Power Factor PWM Rectifier,” Energy and Power Engineering, vol. 5, pp. 121-124, 2013. 

	[17] 
	“Multilevel Converters: an Enabling Technology for High Power Applications,” Proceedings of The IEEE, vol. 97, no. 11, pp. 1786-1817, 2009. 

	[18] 
	J. W. D. J. R. E. J. P. P. L. José R. Rodríguez, “PWM Regenerative Rectifiers: State of the Art,” IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, vol. 52, no. 1, pp. 5-22, 2005. 




2

image3.jpeg
Input Line Voltage 6 Pulse Diode Rectifier,

Line Volige(1)

Line Volige(2)

Line Volige(3)

0005 001 0015 002 0025 003 0035 004
Time (seconds)

0045

005




image4.jpeg
Current ()

Input Current Waveform

3
g
H

0005

001

0015

002

T
0025
Time (seconds)

003

0035

004

0045

005




image5.png
[d
=Y

o
13

Mag (% of Fundamental)
o o
w ~

o
N

[

Fundamental (50Hz) = 316.3 , THD= 0.97%
T T T T T

X5
Y 0.73357
X7
Y 0.365552
. X1
Y 0.291981
& X13
Y 0.207635
o
I I I I I I
6 8 10 12 14 16

Harmonic order

18

20




image6.png
Mag (% of Fundamental)

IS
S

w
&

w
S

N
a

N
S

o

o

Fundamental (50Hz) = 11.49 , THD= 30.03%
T T T T

X5
Y 22.6156

Y 11 2698 X 11
Y 9.00162

3}

10 15 20 25 30
Harmonic order

35





image7.png
Simulation _Help
=-la- |- F@-

Load Current, Load Voltage @ % Trace Selection ax
| | | | T—
| Losd Curent %V Cursor Measurements ax

T LoadVollage

v Settings

© Screen cursors
Horizontal Ml Vertical
@ Waveform cursors

M Lock cursor spacing
M Snap to data

v Measurements

Time Value
1] 0250
21 0750

AT 500.000ms AY  2460e+01

1187 2.000Hz
AY /AT 49.208 (15)

Adtivate Windows
Golto Settings to activate Windows.

17:48
o FB)

@ BCsuny A 5w zd)





image8.png
Py diode_12_Pulse ™
oA

MULTIPLE

b D 0pen ~

o B -
< @i -

FLE

=

PREPARE

Lbrary Browser

@ x

o B

Ubrary  Search Results: scope

Model Browser

<< >>Page 1.0f 1(26 Blocks found)

+ Simulink -7

[

GotoTag
Visibility

+ Aerospace Blockset -4

Avtificial Horizon

Turn Coordinator

Three-axis Inertial
Measurement Unit

+ Automated Driving Toolbox - 1

Ready

H P Type here to search

= Stop Time [ 100e-3.

Signal | ™ | (Normal

Table @ Fast Restart

diode_12_Pulse:

4 @

Step
Back v

SIMULATE

Run

>
s
Fomuard

Saa

Inspector

Logic
Analyzer

s tye
e

Simulation
Manager

REVIEW RESULTS

®

diode_12_Pulse

[ R o o

sopadsur fyadoig

autolVariableStepDiscrte)





image9.jpeg
Voltage (V)

|_12Pulse Rectifier Voltage Waveform |

300 —

200 —

100

100 —

200 —

-300 —|

Line Votage(1)

300 -

200 —

100 —

100 —

200 —

-300 —|

Line Volage(2)

200 —

100

100 —

200 —

Line Voltage(3)

001

0.02

0.03

I I I
004 005 006
Time (seconds)

0.07

0.08

0.09

01





image10.jpeg
Current (A)

Input Current Waveform

40 —

30—

20—

10—

10—

20 —|

30 —

40—

Line Curreni(1)

Line Current(2)

30—

20—

10—

10—

20 —

30 —|

Line Current(3)

001

0.02

0.03

0.04

I
005
Time (seconds)

0.06

0.07

0.08

0.09

01





image11.png
Mag (% of Fundamental)

3

o
13

Fundamental (50Hz) = 295.1 , THD= 0.37%
T T T T T

6 8 10 12 14
Harmonic order

20




image12.png
Mag (% of Fundamental)

»
o

IS

[
13

w

e
3

N

3

o
13

Fundamental (50Hz) = 38.21 , THD= 3.23%
T T T T

10 15 20 25 30
Harmonic order

35





image13.png
Line Voltage, Line Current, Load Current, Load Voltage @ |7 Trace Selection ax

‘ ‘ ‘ EETE — |
%V Cursor Measurements ax
¥ Settings

| Lne Curentt

© Screen cursors
Horizontal Ml Vertical
|~ Loadvotage @ Waveform cursors

M Lock cursor spacing
Snap to data

v Measurements

Time Valve
11 0.025
B 2! 0075
VaVAYAVAVAVAVATAVAVAVAVAYATAVAVAYAVAYS N (TS X TNy NPy TrT]
[] 1787 20.000 Hz.
av/ar 490.524 ('s)

vate Windo

W 10 Partysunny A G @ oz D)





image14.png
[ open ~ —_ Stop Time [ 10023 , N
G Tom - v & o' | 4 © » z
New e Signal Normal Sep  Run  Step Data Logic BirdsEye  Simulation
< @i - Toble B FastRestart Back v Foard Inspector  Analyzer  Scope  Manager
FILE PREPARE SIMULATE REVIEW RESULTS e
Library Brovser ®x[a SCR_Rectifir % Hodel =
s <] [ © [FalScR Recifier » -

Ubrary  Search Results: RS

<< >>Page 1.0f 2 (194 Blocks found)

Sine-Cosine Lookup.
+ Motor Control Blockset HDL Support - 6

Math Transforms.

Clarke Transform

Inverse Park Transform

Park Transform

PWM Reference Generator

+ Navigation Toolbox - 1
Vector Field Histogram

+ Phased Array System Toolbox - 2

Waveforms.

Motion Platform
+ Radar Toolbox - 1

[p——

Puise Waveform Library

Ready

H P Type here to search

[ R o o

Gate Pulse Trigger

e — ]

e Vorage

[ e a—C

e Carent.

w . N o e
— o E—
oo
R grerer * Freq *3
el
—
o Timing PLL
=
©
==

Ideal 6 Pulse SCR Rectifier

© >

Discrete
Tetse.
L2

povero

e +

100%

©

]

auto(ode2)




image15.jpeg
L1 Voltage and Current Waveforms alpha = 0 degrees

300 —

200 —

100 —

Voltage (V)
s
|

100 —

200 —

-300 —

Line Voltage(1)

10—

Line Curreni(1)

001

0.02

0.03

I I I
004 005 006
Time (seconds)

0.07

0.08

0.09

01





image16.png
[d
=Y

o
13

Mag (% of Fundamental)
o o
w ~

o
N

[

Fundamental (50Hz) = 316.3 , THD= 1.00%
T T T T T

I I L L | I I I I I
2 4 6 8 10

12 14 16
Harmonic order

18

20




image17.png
. N
o S

Mag (% of Fundamental)
>

Fundamental (50Hz) = 11.54 , THD= 30.58%
T T T T T

.

X5
Y 22.5844
X7
Y 11.323
. X 11
Y 9.01804
B X13
Y 6.47691
.
s s s s s s s
4 6 8 10 12 14 16

Harmonic order

18

20




image18.jpeg
Yoltage and Current Waveforms at o = 301

300 —

200 —

100 —

Voltage (V)
s
L

100 —

200 —

-300 —

Line Voltage(1)

10—

Line Curren(1)

001

0.02

0.03

I I I
004 005 006
Time (seconds)

0.07

0.08

0.09

01





image19.png
Mag (% of Fundamental)

25

N
S

o

o

Fundamental (50Hz) = 10.04 , THD= 35.33%
T T T T T

I \\; ...‘...l L
4 6 8 10 12 14 16

Harmonic order

18

20




image20.jpeg
Voltage (VDC)

Voltage (VDC)

Voltage Output a =0°

550 —

500 —

450 —

400 —

350 —

300 —

250 —

200 —

150

100

50—

—— Load Voltage

500 —

450 —

400 —

350 —

300 —

250 —

200 —

150 —

100 —

[— Load Voltage.

Voltage Gutput o = 30°

001

0.02

0.03

0.04

I
005
Time (seconds)

0.06

0.07

0.08

0.09

01





image1.png
P diode 6_Pulse * - Simulink academic use
oA score

S 3 Open ~ . " = Stop Time [ 5023 @ O » & %!
B - | s~ [Noma I o o s S g mrhe Smistes

Table @ Fast Restart Back~ v  Forward Inspector  Analyzer Scope Manager

SIMULATE REVIEW RESULTS
=

M

< @i v ||Browser
e LRy PResaRe
brary ronser ® x Gode_s_puee

c M

Ubrary  Search Results: lc

®

diode_6_Pulse

sopadsur fyadoig

Model Browser

<< >> Page 1.0f 1(29 Blocks found)

Delta-Connected Load
3

Delta-Connected.
Variable Load

[ IR T o o

RLC (Three-Phase)

© Toad Carert

Wye-Connected
Variable Load

Wye-Connected
Variable Load
(lagging)

Parallel RLC Branch

Parallel RLC Load

e

Series RLC Branch

AT
Series RIC Load
g
Three-Phase
Harmonic Filter

Three-Phase v

Readly
12°C Sunny

H P Type here to search





image2.jpeg
Diods Currert(A)

| | Diode Current of 6-pulse Rectifier |

o
ot
o]
[~ Scopea ()} T
10—

T sopeasinl
o] =Sl

10— [E—seopeain)

o 005 oot oots o o025 0 oms oo oo 005

Time (seconds)





