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The sch-harasuic tippls ia s phase centrelled
ractifier {s due te s umber of cawses, but the pria-
ciple smec are phese te phase veltage differeaces sad
veciations ta SCR Crigger timdang.

The classicinl triggerisg systas for » 12 pulse
rectifier consists of |2 romy gemsratecs, sach eas
baiag driwm by & phese referescs of 50° isterwels.
The seurcas of errer here sre the acguracy of the
phase tefersmce, and the tracking of the twelve ramp
gemsTaters. 3Siace vith this msethed, it is sssentislly
ispeseiblsa te eliminate errers, the sub~harmesic rip-
phthomuuuuytthu‘iy“dt-d
filters and segative fesdbeck.

A 4igital spprsech sllewe for perfect phase te
phage trackiag vithia the rsssluties of the systea,
and alse allews cetrectien to be spplied te esch of
the 12 phases isdividually. This is the mathed which

Fhase Locked Losp

At the sutset of thic preject, sems simple calce-
latisns were ssde to determime the cherseZeristics of
the systen, The desire wes te msks it as high ressle-
tien 38 pesaible, but te stasy withia the capability of
the 74L3 legic family. The result was Chet the besic

te

quires sa sdditismsl & Vits, msking the reselutien ]

ey (+ siga). The sagular resslsties, thea 1is

409412 or 49152 (0.0022). Simce this is e digital

systen, 8 phase loched saster clock is required. The

fraquency of tiis clack 19 49152960 or 2,049 120 Mis.
The

resd its full-scale walus and reli-over. The NSB ot
the tegiutsr thea, teggloe at a rste which is depen-
dont on the valus of V. In this sytem, the cleck can
have s valuwe between 2.703,360 Milz and 3.194900 M

(55-6%s).

Those locking is sehieved by mesns of s frequescy
diseriainstisn ani phese coupa . The puts of
thaes dovisss contrel s lsek~up tible hich ia turm
coutrels ac wp—down couster. UUhea the leep s gresely
sut of leck, the phase cenparatec is effectively <is-
ard cthe et.ater is drivea in the directien
will canso £; and f3 te match. AC this p-iat,
the pheee seuparatec CLakes over, sad couss £ sad f2
te some inte phese lask.

Irigger Camerater

The functica of the trigger pessrater is te taks &
Sieary iaput iz the raage of Q0 - 24575 aad ceavert
t of 12 trigger pulse traims, sach vith
a range of 0 - 130° and offset frem esch othur Gy 130°.
In additien, s arbitrary phise shift is added te dis-
place the phasu referenc: anywiers frea 0 - 120°, i

As may be sesa frem Fig. 2, the range frea full
reatify, shess 9, to full imvert. phese 11, 1e 3510°.
This {is the resseca for havizg tw> covatars A and B
(Fig. 3). Counter A provides the imscasta.veus phase

360°, sad counter B yrevides the instaatasecus phase
referense 38 te vhea aa SCR's are te be fired. A
third couater, the pheee ctowntsr, prevides 8 peinter
s» to which 3CR is to ba fired cextc.

Slace 30" 1s equal to 4095 (2'2), 1t fellews that
ts 12, 13, e3d 14 indicate vhich bleck of 40% the
trigger is co ske place iu (le. 0 indfcstes full
reetify, and jhass O weuld be criggered at 0°, phase ]
st 30%, etc.). This fact 19 weed Ca syachreaizs all
the cousters. Couwster A 19 decided Co give o syne
pulse st 24,575. This leeds tis ceatsats of ths A
couster te the 3 couater, and slse leads the cerrect
inte che phase counter free & lesk-wp tabla.
the phase coumter esch cycle easures cetrect
at powar wp, ind glse immediste teczvary
frou amy seise induced errers.

tixing pulses developed im the trigger geceras~
»

]

i

ts tha decedar driver. A §0 Kz phasa
refersace palse 19 lsadnd iuie a 12 M1t ehift register
which is 2lechei svery 30°. The |2 eutputs, oa feor
100°, off for 1LW*, sad offsat by 30° are weed to
onable 12 J-K flip~flaps. The J-K's, thea are turmed
on by & triggec puise sdiressed te it by the phase

? by the remwval of the snable.
ssgh J=X enabios aa and gate, vhich
20¢ duty cyels square wave to the

——t s L Y.



teo phose Waltage sad cramsforsers inductamce introdeuce
veitage wariatioss ac esch sample. e resxlt 22 sui-
barmsaic ripgle. Sisce the triggeriag sys®s= allews
epecifying the voitag= of sach phase, 1t is pessidie
to aedify che puint ef which esch roctificr fs trig-
rnd. The aschastian for dofag thin ls chowm in Pig.

Siece the tramefar fiactions of the crigper gen-
erator is a coeime fumction, it 19 necessary to ¥se s
licsar o cosine cenversios so that the correcticn
factol will have the ssme weight, tsdependent of cac-
duction sagle. UWhen 2o correctiom 10 spplied, chs
corTection izput to the addor is 0, and esch phase
will trigger a2t the sam: sagls. Correctica is applied
oy emakiing the cweiput of ome of the buffers. Each
Saffsr haa twelve locacions, oms for esch phase.

Theso lacations ars asddrsssed by the phass cowater.
As ths trigger geserator cycles tkrosgh the twelwa
788008, the conzentd of each cocsecwtive duffer loca-
tion 19 added in tw's cocpliement to the Jatput of the
A/D, wodifyizg the trigger sagle, exd thus the voltage
&t eack gample. The duffars are losded foom a voltage

st esch saaple. Tha mflers are loaded from 2 test
acdule st chis >ise, dut & xicroprycessor based con~
troller has wea dasigred vhichfil] perfors tha cor-
rectica fuactions ia real-tima. ; Ehe sethaniem for cr-
rivicg &t the correction waluzs ‘ié-ehows in Fig. S.

The 4/C ssmplss st 2 rate of 11,520 csmples per
secoad, theredy jiviag 16 samples per phase. The fun-
damenzz]l harwmoni: s effectivaly removed by averaging
these 16 samples. The 12 pbege Toltages are then
averaged tc derive the DC cow;.msnt aj. The voltage
o vifsat the error st each phise {s calculstsd, ead
kmowicg the syotem gais {voits/degrse}, the corceeticn
factor 78 derivr . This may be cossidersd o be che
aquivaleat of sammiang two 2ime funoiices of the szae
asplitude, sxd 180° owt of phssge.
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