
 

f 
  

CONTENTS 

 Page 

Acknowledgement c 

Abstract in Thai  d 

Abstract in English  e 

List of Tables I 

List of Figures  J 

Statement of Originality n 

Chapter 1  Introduction 1 

1.1 Background and motivation 1 

1.2 Literature review 5 

1.3 Purpose of study 9 

1.4 Education/Application advantage 9 

1.5 Research scope and methodologies 9 

1.6 Research contributions 10 

1.7 Thesis organization 10 

Chapter 2  Voltage sags and power quality  11 

2.1 Power quality  11 

2.2 Voltage and current variations 14 

2.3 Harmonic voltage distortion 16 

2.4 Voltage sags and definition of voltage Sags 17 

2.5 Causes and effect of voltage Sags 19 

2.6 Equipment sensitive to voltage sags 20 

2.7 Characterization of voltage Sags  23 

2.8 Seven types of three-phase unbalanced sags 24 

   



 

g 
  

  Page 

2.9 International standard test SEMI F47 and IEC61000-4-

11 

29 

Chapter 3 Design voltage sags generator  38 

3.1 Structure of voltage sags generator 38 

3.2 The 3-phase 4-wire voltage source inverter topology  39 

3.3 Carrier-based PWM (CBPWM) technique for 3-phase 4-

wire voltage source inverter 

40 

3.4 Calculation voltage reference Aov  , Bov  and Cov  for zero 

signal sequence (ZSS) 

44 

3.5 Flowchart and software algorithm of sag type 59 

3.6 The MATLAB m-file and GUI plot simulation 61 

3.7 Implementation with microcontroller  62 

3.8 Microcontroller dsPIC C30 software code 64 

3.9 Power electronics part of inverter design 66 

3.10 Design AC output LC low pass filter  66 

Chapter 4 Experimental results 69 

4.1 The result of simulation of voltage source inverter  69 

4.2 The result of simulation of voltage sags signal generator 71 

4.3 The resulte of 3-phase 4-wire voltage sags generator 

with CBPWM technique 

75 

4.4 Testing electrical equipment immunity according to 

SEMI F47 and IEC 61000-4-11 

81 

4.5 The electrical equipment immunity test 81 

4.6 Point on wave  90 

Chapter 5 Conclusion and Future work 92 

References  94 

   



 

h 
  

  Page 

Appendix   

 Appendix A 98 

 Appendix B 101 

Curriculum Vitae 104 



 

i 
 

LIST OF TABLES 

  Page 

Table 1.1 The advantages and limitation of all topology of 

voltage sags generator 

4 

Table 2.1 Classification for three-phase unbalanced voltage sags 

type A-D. 

24 

Table 2.2 Fault Type, Sag Type, and Load Connection 25 

Table 2.3 Transformation of Sag Type to Lower Voltage Levels 25 

Table 2.4 Classification for three-phase unbalanced voltage sags 

type E-G 

26 

Table 2.5 Origin of Three-Phase Unbalanced Sags 27 

Table 2.6 Transformation of Sag Type to Lower Voltage Levels 27 

Table 2.7 Required Voltage Sags Immunity 30 

Table 2.8 Recommended Voltage Sags Immunity 30 

Table 2.9 Voltage Sags Test Levels from the IEC 61000-4-34 

and -11 Standards 

33 

Table 2.10 Voltage distortion limits 36 

Table 3.1 Voltage Sags Type C and G 58 

Table 3.2 Parameter power part used in experiment hardware 

setup for voltage sag generator. 

66 

Table 4.1 Power Electronics and component 76 

Table 4.2 Gas discharge lamp specifications 81 

Table 4.3 UPS specifications 82 

Table 4.4 AC Contactor specifications 82 

Table 4.5 Summary of test results 89 



 

j 
 

LIST OF FIGURES 

  Page 

Figure 1.1 The seven types of voltage sag. [2] All sags have a 

magnitude of 50% 

1 

Figure 1.2 Voltage sag generator 3-phase 4-leg for testing 

electrical devices equipment 

5 

Figure 2.1 Simulated voltage magnitude as a function of time 14 

Figure 2.2 Probability density function of the voltage magnitude 

in Fig. 2.1 

15 

Figure 2.3 Voltage sag definition in term of its parameters 18 

Figure 2.4 Voltage sag definition based on IEEE Standard 18 

Figure 2.5 Information Technology Industry Council (ITIC) 

curves 

19 

Figure 2.6 Voltage sag characteristic [5] 23 

Figure 2.7 Synthetic sag with a magnitude of 70% and a phase-

angle jump of +45°. 

29 

Figure 2.8 SEMI F47 Standard Test 31 

Figure 2.9 IEC61000-4-11 Class 1 34 

Figure 2.10 IEC61000-4-11 Class 2 test 70% sags 25/30 cycles 

(50/60Hz) 

34 

Figure 2.10 Different of Voltage sag and duration time between 

two standard 

35 

Figure 3.1 Main component of VSG 38 

Figure 3.3 Three-phase four-leg voltage source converter 

topology considered in this paper. 

39 

Figure 3.3 A carrier-based PWM technique (CBPWM) for three-

phase four-leg inverter. 

40 

   



 

k 
 

 

  Page 

Figure 3.3 A carrier-based PWM technique (CBPWM) 40 

Figure 3.4 Two level carrie-based PWM 41 

Figure 3.5 Voltage switching vector 43 

Figure 3.6 Eight switching states in sector 1 44 

Figure 3.7 Eight switching states in sector 2 48 

Figure 3.8 Eight switching states in sector 3 49 

Figure 3.9 Eight switching states in sector 4 50 

Figure 3.10 Eight switching states in sector 5 51 

Figure 3.11 Eight switching states in sector 6 52 

Figure 3.12 Voltage reference compare with Aov , Anv  และ nov  53 

Figure 3.13 Wave form of Voltage for modulation to driving IGBT 

gate 

55 

Figure 3.13 PSIM simulation circuit of A 3 Phase 4 Leg 4 Wire 

Voltage Source Inverter using carrier-based PWM 

technique 

56 

Figure 3.15 Zero sequence calculation, , carrier base, %Sag and 

duration time modulation waveform 

56 

Figure 3.16 Sine lookup table 64 value 57 

Figure 3.17 Circuit simulation of CBPWM voltage sag generator 57 

Figure 3.18 The phasor diagram for voltage sag type C 59 

Figure 3.19 Flowchart of generate voltage sag signal 60 

Figure 3.20 SagWave software create from MATLAB GUI 61 

Figure 3.21 dsPIC30F6010a Microcontroller block diagram 62 

Figure 3.22 Carrier-Based PWM technique from dsPIC 

microcontroller 

63 

   

   



 

l 
 

  Page 

Figure 3.23 PSIM simulation signal added a _ refV Vzss  

Modulation with Triangle wave form 

63 

Figure 4.1 PSIM program simulation 3-phase 4-wire voltage 

Source inverter with carrier-based PWM Technique 

69 

Figure 4.2 The result of voltage , ,a b cv v v  and ZSSV  Zero sequence 

signal PSIM simulation 

70 

Figure 4.3 Figure 4.3 The result of Voltage , ,af af afv v v added ZSSV

Zero sequence signal PSIM simulation 

70 

Figure 4.4 PSIM program simulation 3-phase 4-wire Voltage 

Sags CBPWM Technique 

71 

Figure 4.5 The result of simulation CBPWM voltage sag 

generator from PSIM program 

71 

Figure 4.6 SagWave software program 72 

Figure 4.7 The result of SagWave MATLAB/GUI voltage sags 

type A-G simulation 

73 

Figure 4.8 Voltage sags generator overall system 75 

Figure 4.9 Setting up 5 variable before using voltage sags 

generator 

75 

Figure 4.10 The result of Voltage Sags Generator Type A-G (a-g) 76 

Figure 4.11 The actual of SEMI F47 and IEC 61000-4-11 class 3 

waveform 

81 

Figure 4.12 The UPS immunity test under voltage sag 82 

Figure 4.13 Voltage tolerance curves of EUT 83 

Figure 4.14 Waveform results of fluorescent lamp (FL1). 83 

Figure 4.15 Waveform results of fluorescent lamp (FL2). 84 

Figure 4.16 Waveform results of high intensity discharge lamp 

(HID). 

84 

Figure 4.17 Waveform results of AC contactor 84 



 

m 
 

  Page 

Figure 4.18 70% voltage Sag, 200ms duration time. (point A to F) 

any poin on wave sag 

85 

Figure 4.19 70% voltage sag, 500ms duration time.(point G) 86 

Figure 4.20 90% voltage sag 200ms duration time. (point H) 86 

Figure 4.21 80% voltage sag, 500ms duration time. (point I) 87 

Figure 4.22 60% voltage sag, 1 s duration time. (point J) 87 

Figure 4.23 60% voltage sag, 1s duration time. (point K) 88 

Figure 4.24 40% voltage sag, 200ms duration time. (point L) 88 

Figure 4.25 30% voltage sag, 500ms duration time. (point M) 89 

Figure 4.26 VSG generate voltage sags signal at point on wave 90 

Figure 5.1 Voltage sag signal generator with SagWave software 

sag signal configuration 

93 



 

n 

 

ข้อความแห่งการริเร่ิม 

1)  วิทยานิพนธ์น้ีได้น า เสนอวิธีการใช้เทคนิคสัญญาณพาหะพัลส์วิดมอดูเลชั่น PWM 
(CBPWM) ส าหรับการสร้างเคร่ืองก าเนิดสัญญาณแรงดนัไฟฟ้าตกชั่วขณะ 3 เฟส 4 สาย 
ควบคุมโดยไมโครคอนโทรลเลอร์ โดยอุปกรณ์ฮาร์ดแวร์ราคาถูก เขียนโปรแกรมในการ
ควบคุมไดง่้าย จากการสร้างดว้ยเทคนิค CBPWM จึงท าให้สามารถเพิ่มอลักอริทึมสัญญาณ
แรงดนัไฟฟ้าตกชัว่ขณะ เพื่อให้เหมาะสมกบังานพฒันา งานวิจยั ทดสอบอุปกรณ์เพื่อความ
คงทนต่อแรงดนัไฟฟ้าตกชัว่ขณะได ้

2) มีความเหมาะสมส าหรับน าไปทดสอบในห้องปฏิบติัการเพื่อประเมินประสิทธิภาพของ

อุปกรณ์ไฟฟ้าภายใตเ้ง่ือนไข แรงดนัไฟฟ้าตกชั่วขณะทั้ง 7 ชนิด (อุปกรณ์ไฟฟ้าทดสอบ 

เคร่ืองชดเชยแรงดนัไฟฟ้าตกชัว่ขณะ หรือคุณภาพทางไฟฟ้า) และเคร่ืองอินเวอร์เตอร์ท่ีสร้าง 

มีค่า THDv 3.9% ซ่ึงต ่ากวา่เกณฑม์าตรฐานคุณภาพไฟฟ้า 

3)  เคร่ืองสร้างสัญญาณแรงดนัไฟฟ้าตกสามารถควบคุมการเกิดแรงดนัไฟฟ้าตกชัว่ขณะ ณ มุม
ใดๆ ในรูปคล่ืนแรงดนัไซน์ได ้

4)  สามารถทดสอบอุปกรณ์ไฟฟ้าในสภาวะแรงดนัไฟฟ้าตกชัว่ขณะแบบสมดุล/ไม่สมดุลยไ์ด้
ทดสอบกบัภาระโหลดทางไฟฟ้าชนิดความตา้นทาน ชนิดตวัเหน่ียวน า อุปกรณ์ส่องสว่าง 
UPS และการเล่ือนเฟส โดยทดสอบภายใตม้าตรฐานสากล IEC61000-4-11 และ SEMI F47 
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STATEMENTS OF ORIGINALITY 

1. This thesis presents an implementation of a carrier-based PWM (CBPWM) 

technique for 3-phase 4-wire voltage sags generator (VSG) with microcontroller. 

This research add simple sag algorithm to CBPWM technique it’s very simple 

design, devices and parts low-cost and can be easily develop and operate hardware 

structure than other topology. The proposed CBPWM technique can be 

implemented with dsPIC30F a low cost microcontroller. 

2.  The VSG it is suitable for most R&D and test labs to evaluate the performance of 

electrical equipment under 7 sags types conditions (equipment under test: EUT or 

a sag-compensating power quality conditioner) 

3. The VSG can control voltage sag at any point on wave on sine wave 

4.  The VSG tested equipment with balanced/unbalanced load, resistive loads 

(Tungsten Lamp) and inductive loads, phase shift. The proposed method provides 

an effective method based on IEC61000-4-11 and SEMI F47 International 

standard 

 

 

 

 


