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Aboard the future fleet of the United States Navy, there will be * Passive diode rectifiers can be wused for full-wave * The source fed into the rectifier was modeled as a motor- # of Pulses P2% Charge
several large capacitive loads that must be operated in a rectification but the angle at which rectification begins generator with a series resistance of 2.7 ohms and 11.9mH 6-Pulse 453.1874%
heavily transient manner. Rectifying AC power into DC power cannot be controlled of lnd.uctan(,:e [7] _ 12-Pulse 74.6456%
can be very inefficient due to the presence of harmonics * The flrlng angle of actively controlled SCR rectifiers can be * The simulation waits 1 second for the PLL to lock before 18-Pulse 18.4683%

. . . Wil . . - u .
within the DC output. Previous work has shown that by adjusted throughout the wave allowing the DC output loading the rectifiers to ensure harmonic content being i
generating additional input phases for rectification, voltage to be varied. analyzed is valid | | 24-Pulse 12.6896%
harmonics can be canceled and efficiency can be improved_ ° Comparison of paSSive to SCR fired rectifiers is not Simple * The phase generatmg and lnter-phase transformers are PHYSICAL MODEL VERIFICATION
However, in nearly all of these previously documented efforts, since sophisticated circuitry as a control schemes are modeled as ideal transformers to directly study the effect of : _ _

s

the load has been assumed to be purely resistive or slightly needed to properly fire the SCRs rectifier topologies on THD and power quality

inductive. This work proposes to investigate the effect of R T et I R c—— RESULTS FROM SIMULATION STUDY
harmonics on large capacitive loads, similar to what could be T O NN NN =

Input Current Waveforms

seen in future naval applications. Simulink® model has been
developed of 6, 12, 18, and 24 pulse SCR rectifiers,
respectively, and hardware versions of each respective |
topology have been procured from Applied Power Systems so
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that the models can be validated when capacitively loaded. \}\{\'\J\'\[\]\ ' g =i

Through the validation exercise, a preliminary understanding Sl St < ‘ Figure 20: 3-phase 120VAC Figure 21: Control box for the DC

will be obtained as to how increasing the number of phases Figure 5: Controlled rectifier Figure 6: Load capacitor voltage %o_tog-gegeé‘gtorl"s emulattmg motor portion 0{ the motor-
output voltage waveforms for for 0 degrees (red) and 90 shipboar lfse generators generators

SIS

rectified by multi-pulse rectifiers affects power quality and
total harmonic distortion. This work is expected to provide

various firing angles. [6] degrees (blue) after 24s charge.

insights into the issues that may arise when converting high SIMULINK® SIMULATION MODELS

power AC to DC for sourcing large capacitive loads. The

Figure 9: 6-pulse input current Figure 10: 6-pulse input current
waveform at beginning of charge waveform at end of charge

validated models will eventually be implemented on a I e
hardware in the loop (HIL) platform to study their e e g | - i
deployment in future shipboard power systems. S ek = il
oouotage InputCurrert E'"Ck‘ﬂsﬁle Delay Pt Flgure 22. YOkOQClWCI VII/T3000 %MW e Wi L
ral _ recision power andalyzer .
INTRODUCTION T D e T e g 7 | . -
VAP ol et N ot a7 — Qupacuret « Motor-generator pairs seen Figure 23: APS; 6-IPUISE rectifier and
. . 'H}J\MHW bk ol T I il =il = N ) control system
* Typical motor driven generators aboard naval vessels | | " ?& i s % L _ D: above will be used to
generate 3-phase, 60 Hz power at 4 kV to 13 kV [1] TR e T Eoy I " PRy emulate shipboard
. S : : ] Figure 11: 24-pulse input current Igure 12: 24-pulse input current
Many proposed loads are c-apaC1tlve in nature including a.nd N waveform at beginning of charge waveform at end of charge generators
include electromagnetic railguns, solid state lasers, and high i * 6,18, and dual 12/24 pulse
power microwaves generators, among others - ¢ Pulee simala o SCR rectifier systems from
igure /: ulse stimulation mode : =
* 6-pulse rectifiers act as an AC to DC converter for 3-phase g Applied power systems have *
power; however, they introduce high magnitudes of —8 o been procured
harmonic distortion, leading to the generator having a low =) -8 B e Z“Tﬁf? A Yokogawa precision power
power factor [2] | HE analyzer will be used to Figure 24: APS 12-pulse/24-pul
_ _ s sl M= . igure 24: -pulse/24-pulse
* Many researchers have presented methods of increasing the HWA— [ * 7 directly measure power I rectifier and Co,ftml Systel,jn
number of pulses in the rectifier. Most, if not all, have been s e TANL ?ﬁ L I | ‘ ‘ ‘ quality parameters
shown to be loaded by either resistive or inductive loads [3, ﬁ = fu | N | A O FUTURE PLANS
4, 5] while the lmPactS on capacitive loads have not been %‘_;)\; e T} e = | LD 'Figure 13: Harmonic contentin  Figure 14: Harmonic content in
very well characterized 2 : ﬁ I [ | watts of 6-pulse {;ectlﬁeli; at~95%  watts of 6-pulse {;ectifiilg at ~80% « Validation of simulation through results in hardware
— == = e . max capacitor voitage max capacitor voitage . . 1.
BACKGROUND F -t W Wl g | 4 | , J , , 4 , | g e Further non-idealities will be built into the model as
“—'B* : Iabo b =T _.\u";\d;s 3 3
B ﬁ ] hardware is brought up operational
| o | omonieSpectrum of fyat £, =1 p.u. withar20" L0.1 FE I o T I * The load will be adjusted to better represent those of
g, e m" A S . HhDoss 86 % % e 7 interest to the US Navy
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MRS NE T 1 CONCLUSIONS
c / 7th 11th 13th 17th 19th ;:. 8- 24 Pyl mulati del
£scr, Kscr ZFSCR, } { | 0 : : 16 — - " . lgure o. uise simuiation moae . I . . ] ] ]
‘ | RN _ n simulation, charging the load capacitor to different
| ae——T _ Trewa () * Three-phase source modeled as a motor generator pair | » - levels of ener stofedgresults ‘1 variation in the relative
Figure 1: 6'19"‘[:9‘3 diode bridge Figure 2: 6'?“’” diode bridge e Phase shift transformers create additional phases Figure 15: Harmonic content in Figure 16: Harmonic content in _ M :
rectifier [6] harmonic spectrum [6] o : watts of 12-pulse rectifier at watts of 12-pulse rectifier at magnitudes of the harmonics generated
. PV T * 6, 12, 18, and 24-pulse full-wave rectifier topologies, ~959% max capacitor voltage ~80% max capacitor voltage - - :
o L __ Harmonicspectrum of 3t =1 p.u. witha=20", L700%p.0 _ _ ‘ apact J ‘ b J * In general, increasing the number of phases (pulse) being
abioh 3 1,1 p.u. respectively, have been simulated . . s .
IR B BN = THD=3.62 % g . . . rectified rectifier significantly reduces the total harmonic
R D Cimaaations * Control of the SCRs firing angle is achieved using a phase- . .
Ot Sy distortion of the source current

locked-loop (PLL) and a full-wave SCR pulse generator
2314 25th already in Simulink®

* The cancellation of harmonics allows filters with a higher

0 . AN . . .
S, 0 5 10 15 0 25 30 e Rectifier bridges are put in para]]e] using inter-phase frequency paSSband to be used’ redUCIHg Its size
RS e n i e R Freauendy (p-u) * Multi-pulse rectifiers require additional components,
Figure 3: 24-pulse diode bridge Figure 4: 24-pulse diode bridge transformers _ _
rectifier [6] harmonic spectrum [6] * The load simulated was a 4.8 mF capacitor that was S%Ch 45 largfe/ heavy phase glgleneratl(rjlg transfolrmers, -1nter-
e Increasing the number of phases (pulses) the rectifier uses, charged through a 500 Q charge resistor e z o ﬂ phase transformers, controllers, and power electronics
in theory, cancels harmonic distortion of the source current, * Control of firing angle is accomplished through a PLL and & ’V%’;fslo?';i‘_’; ’nggll,cegg%’fr"gé” 4 %g’;gslo‘?jzzc_’; Z’Ig’g’fegg%teerngt’" ’ T_hls work seeks. to evaluate the -advantages and
making them a viable solution for meeting MIL-STD-1399 built-in full-wave SCR pulse generator ~95% max capacitor voltage ~80% max capacitor voltage disadvantages of this the added complexity
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