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Dc-AC SINE WAVE CONVERTER

L L = EH (2D-1)

• EH   given 

• ELL   requested f(t) 

• E = Em sin (360ft+ ) 

• D(t) = 0.5 [1+Em/EH sin (360ft+ )]

• amplitude modulation ratio
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Example 21-14

� =35

• Em = 120 Sqrt(2) = 170 V 

• m= Em / EH = 170/200 =0,85

• mf= fc / f= 8000/97 =82,47

• D(t) = 0.5 [1+Em/EH sin (360ft+ )]
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Figure 21.82 Positive half-cycle of the fundamental 83.33 Hz voltage comprises six carrier periods of 1 ms each. 

( � � = 0.5 [1+Em/EH)
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Figure 21.85 A two-quadrant PWM chopper and its load. The filter eliminates the unwanted carrier frequency component. 
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Figure 21.87 A comparator determines the crossing points between the miniature version ES of the wanted waveshape EL(t) and a triangular 
waveshape, thereby producing the control signal D(t). The signal triggers the switches in the chopper to generate the PWM waveshape that 
contains the wanted output EL(t). .
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DC-AC 3 phase converter
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Figure 21.91 a. PWM pulses between terminals A and Y, and their sinusoidal EAY component. b. PWM pulses between terminals B and Y, and their 
sinusoidal EBY component. 
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Figure 21.91 a. PWM pulses between terminals A and Y, and their sinusoidal EAY component. b. PWM pulses between terminals B and Y, and their 
sinusoidal EBY component. 
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Figure 21.93 Block diagram of a 3-phase PWM converter. 
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Example 21.15

h i = 245/ sqrt(3)= 141 V 

• Em = ELN   sqrt (2) = 200 V 
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Figure 21.95 See Example 21-15. 
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Figure 21.94 A more detailed diagram of a 3-phase PWM converter using IGBTs and a 3-phase RLC filter to suppress the carrier frequency 
components. The capacitors across the dc side provide a path for the reactive currents that are drawn by the 3-phase load.



| } ~ � � � � � � � � � 90

Figure 21.97 Three-phase PWM voltages produced by a dc-to-ac converter operating at a carrier frequency of 540 Hz with a 500 V dc input. Top: 
EAY, EBY, ECY outputs, peak sinusoidal component = 200 V. Bottom: EAB, EBC, ECA outputs, peak 60 Hz sinusoidal component = 346 V, RMS value = 245 
V.
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Energy management
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Variable voltage system
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Series hybrid drivetrain
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Parallel hybrid drivetrain
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Energy storage
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Energy storage device 
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Energy storage device 
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Mechanical Energy Storage: Fly Wheels

ß =0.8
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•The Energy Density is defined as the Energy per unit mass:

•Where,

V is the circular velocity of the flywheel 
is the specific strength of a material 
is the density of the material 

•

2E 1
V

m 2
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ê ê
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Properties of some materials used for 
building flywheels.
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Advantages and disadvantages:
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Batteries
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Battery model
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Comparison of prices
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Supercapacitor
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Case study
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Hybrid Dynamic Systems with Energy Storage

� � � � � � � � � � � � � � � � � � � � for generator with Super 

capacitor.

Fig. 2.  System topology for generator with Li-ion HP 

battery.

Fig. 1.  Overview of generator with energy storage for 

4Q-load.
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Load profile
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2. moving the trolley without load;

3. moving the crane;

4. lowering the spreader without load;

5. hoisting a container;

6. moving the trolley with a container;

7. moving the crane with a container;

8. lowering the container.
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Simplified power profile
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Only Generator
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Only Generator
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Peak power shaving
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Peak power shaving
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Dynamic Power Management

@ A B
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Dynamic Power Management
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Average power
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Average power
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Max On or Off Power Management 
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Max On or Off Power Management
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Only storage 
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Only storage
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Figures of merit
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Energy recovery
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Li-ion HP
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Sizes of the generator and storage
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Comparison for costs for the different PMSs
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Data for cost calculation

^ _ `

nom,gen,peak59 10 4676 [€]P

[22]43 %Fuel efficiency 

generator

[21]35.700 [kJ/l]Caloric value diesel

[7]75 [€/kW]Price power 

electronics

[20]Price generator

[13]45.000 [€/kWh]Price super 

capacitor

[4]2.000 [€/kWh]Price Li-ion HP

[10]0,10 [€/kWh]Price electricity

[11]1,00 [€/l]Price fuel

SourceDataParameter

a b c

nom,gen,peak59 10 4676 [€]P
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Sensitivity study: Variable Fuel Prices
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Sensitivity study: Variable Li-ion Prices
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Sensitivity study: Variable Generator Prices
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Sensitivity study: Variable Power Electronics   
Price
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Experimental verification Max On Off
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Conclusions


