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REFLEX® MODEL 218 THREE-PHASE GENERATOR

PART NUMBER 12M03-00112-02
SCHEMATIC DIAGRAM 12M03-00112-02

I. SPECIFICATIONS +evl g v -y
200N
SUPPLY o o owen ——t{ 3

GENERATOR
A

e 120 Volts AC = 10% vac | suppLy s A
e 50/60 Hz, single phase il i T , A 36
AMBIENT TEMPERATURE b SYNCHRONIZING |- 2000 B;O
e 0°10 40°C (32° to 104°F) N [P c 5
e 50°C in cabinet 450K
32
SYNCHRONIZING INPUT =
- ] 2000
e 120 to 600 volts AC COUNTER INVERTERS —:)_E
e 50/60 Hz, three phase r— &
450K
OUTPUT b= COUNTER [~ D_E
e 12V nominal with 200 . BA
ohm output resistance PULSE
1 VOLTAGE 25
INPUT CONTROLLED SENERATOR A 7:{:
e Direct to Oscillator, 0 to r —E——‘OSC'LLATOR YAG
positive 6 volts nominal. I |REF.INPUT >_'{?_4
To Current Regulator, 0 l (0 TgJTG:IJT(OTO+GV)
to negative 6 volts on - 4~ i‘i 200n AY
Reference Input terminal FULSE 2
and 0 to positive 2 volts FDE%N_PGL{,T, SENSRATOR R
on Qurrent Feedback 5 ES— e
terminal both at zero to E—E
1mA nominal.
C
© T0+2V) | cOrRRENT Ea ﬂ Bi
CURRENT FB | ——————— PULSE 200N
5 ] REGULATOR 20

12M03-00112-02

16 | 3@ PULSE GENERATOR —6V>—{F

FIGURE 1. SIMPLIFIED SCHEMATIC DIAGRAM

Il. THEORY OF OPERATION

The REFLEX® Model 218 Three-Phase Pulse Generator produces six output pulses, each displaced 60
electrical degrees to provide gate firing signals to a pulse amplifier such as the REFLEX® Model 219.

Digital techniques provide balanced firing signals independent of phase rotation. Output is nearly linear
with respect to Input, which allows the use of linear analysis to optimize performance. It is designed to
handle current flow in the positive and negative halves of the AC supply for “two quadrant” operation. Refer
to the “Theory of Operation of a Three-Phase Full Wave Thyristor Power Converter” (DS6200-00107) for a
complete understanding of this assembly:.

The circuit consists of the following elements shown in the Simplified Schematic Diagram (Figure 1):

1. Power Supply 4. Counter
2. Synchronizing Circuit 5. Pulse Generator
3. Oscillator 6. Current Regulator

1. Power Supply — The power supply uses a center-tapped transformer with 10 volts on each side of
center together with a bridge rectifier and two 470 MF filter capacitors to provide a nominal positive and
negative unregulated 15 volts DC with respect to the transformer center-tap, which is connected to
circuit common.

Additionally, a positive and negative 6 volt regulated voltage is obtained from the positive and negative
15 volt supplies, using regulators 11C and 2IC each with a 10 MF filter capacitor.



Synchronizing Circuit — The Synchronizing Circuit provides synchronization with the AC Supply for the
Counters and Pulse Generators.

The three phase AC Supply is connected to terminals 28, 32, and 36. Three 150K, 1% resistors in series
from each terminal provide impedance isolation from the power circuit. Capacitors 9C, 10C and 11C are
connected to circuit common from each group of these resistors to provide a three phase signal, balanced
with respect to circuit common, and shifted a nominal 45 electrical degrees with respect to line-to-neutral
of the AC Supply to provide synchronizing signals that are insensitive to phase rotation. The three
capacitors are matched in value to within 1% to insure that the 45° phase shift is identical for all three
phases.

The three Synchronizing and Pulse Generating circuits are identical so for purposes of simplicity, the
remainder of this discussion will be limited to one of the three.

The output of one phase of the 45° phase shifting network is applied to a voltage divider consisting of 46R
and 20R on one leg and 45R and 19R on another leg of the three phase input. A small voltage from each of
these dividers is applied to the two input terminals of the Differential Comparator 111C (C) which produces
a square wave at the zero crossing of the phase-shifted three-phase AC voltage. A 1 megohm feedback
resistor (10R) provides hysteresis through positive feedback lock-in for better rise time on the square
wave and improved noise immunity.

The square wave output of the comparator is applied directly to one input and through an R-C time delay
to the other input of “exclusive OR" gate 51C (C). This gate acts as a Non-coincidence Detector,
producing an output when input pin 9 is high and input pin 8 is low or when pin 9 is low and pin 8 high.
When both inputs are low or high there is no output. Because of the time delay at one input, there is a
momentary lack of coincidence whenever the square wave from the Comparator goes from low to high or
high to low at the beginning and end of the synchronizing interval, and an output pulse is produced for
each change.

Oscillator — A voltage controlled oscillator with an output frequency proportional to the magnitude of its
input voltage produces a nominal 35K to a 200K Hz train of pulses to furnish the clock signal to the
counter. It provides a nearly linear relationship between input and output which allows use of linear
analysis to optimize performance.

As the positive input reference voltage on terminal 15 increases from zero, the frequency of the Oscillator
increases. Pulses from the Oscillator are accumulated in the Counter until a total of 256 pulses are
accumulated. The Counter then puts out a signal to the Pulse Generator to fire a pair of thyristors.

The higher frequency of the Oscillator, the more rapidly the 256 counts are accumulated in the Counter
and the earlier in the half cycle the thyristors fire, consequently the higher the output voltage from the
thyristor bridge.

The input to the Oscillator may be a 0 to plus 6 volt reference from the regulated power supply, terminal 9.
However, its reference is normally obtained from the output of the Current Regulator as described below
(paragraph 6).

Counter — The Counter, 3IC, determines when in the half cycle a firing pulse occurs. The 8th bit of a 12 bit
counter is set to generate an output signal whenever a count of 256 pulses is received on its “clock,” pin
10. The Counter advances with each pulse from the Oscillator. The use of 256 as the number of Oscillator
pulses to provide a firing pulse, provides resolution of the thyristor output of less than one electrical
degree.

The output of the Counter is fed back through an R-C time delay and an "OR" gate, 41C (B) to the reset Pin
11 so the Counter is reset at the end of 256 counts. The Counter also sends a pulse to the Pulse Generator
through a “NOR" circuit, 9IC (C), that inverts the pulse (negative output when either input is positive.)

The output of the "NOR” circuit provides a trigger signal to both halves of the Pulse Generator, but actually
triggers only one half depending on the state of the Comparator in the Synchronizing Circuit. The other
input to the “NOR” circuit receives a pulse from the exclusive “OR” circuit whenever the Comparator in
the Synchronizing Circuit changes state. The pulse that appears at the beginning of each synchronizing
cycle is not capable of firing the thyristor because of various time delays in the circuit. However, the pulse
occuring at the end of the synchronizing interval acts through the “NOR" gate to provide a minimum firing
angle, commonly called an “"End Stop” which prevents commutation failures through regeneration.

As a point of information, after the Counter is reset, it continues to count and produces another pulse for
each 256 clock pulses. The additional pulses in a given half-cycle have no significance, since the thyristor
should have been fired by the first pulse.




Pulse Generator — The Pulse Generator 14IC is a dual-timer integrated circuit connected as a one-shot
multivibrator. One half, pin 9, delivers an output pulse to fire two thyristors (B+and A-)and the other half, pin 5,
delivers an output pulse to fire two other thyristors (B- and A+).

The length of the pulse is determined by the time constant of the R-C network on the inputs, pins 1 and 2 and

pins 12 and 13; nominally 100 to 150 microseconds.

The output pulses provide the input signal to a Pulse Distribution Circuit such as the REFLEX® Model 219
connected to the gates of a three phase thyristor bridge. A diode matrix cn the output of the Pulse Generator
establishes which output terminals receive a particular pulse.

Current Regulator — The Current Regulator allows operation with an inner current loop and consists of
op-amp 111C (B), and associated components. A feedback proportional to the output current of the thyristor
Power Converter of plus 2 volts at the current-limited value is applied to terminal 2. A negative reference of 6
volts from a potentiorneter or other control module such as the REFLEX® Model 217 Universal Closed-Loop
Controller is applied to terminal 3. The feedback and reference currents are summed at the junction of pin 6
of 11IC (B).

A small positive current from the plus 6 volt supply through 1R insures that the Current Regulator is turned off
in the absence of a reference signal. As the negative reference signal is increased, the output of the Current
Amplifier swings positive. A net positive output on the output of the Current Regulator terminal 1 supplies the

input signal for the Oscillator at terminal 15.

The stability network 11R and 5C around the Current Regulatori
10 to 12 milliseconds with 2 volts feedback. This allows the Pow

in less than one electrical cycle.

s optimized for an output current rise time of
er Converter to go from no-load to full-load

COMPONENT LIST — ASSEMBLY #12M03-00112-02

Symbol Part # Description (Acceptable Substitute) * Symbol Part # Description (Acceptable Substitute) *
1T 04P01-00001 Transformer - 120V AC PRI, 18.19.21C 03P06-10205-00 Capacitor - .001 MF, 50V, Ceramic
two IEVSEG B 22&’{‘9‘? <. pean.ssn| 28 03P07-10210-00 Capacitor - .001MF, 100V. Film

iREC  05P01-00003 Rectifier Bridge - 50V, 1A (EDI-PF50) gg:ggzﬁ'?&

1-14D  05P02-00001  Diode - Signal, 50mA, 200 PIV 34.35C  03P06-10305-00 Capacitor - 0TMF, 50V, Ceramic
GRS R 01P01-22400-02 Resistor - 220K, aW, 5%

1IC 05P08-00006 +BV Regulator (7806)

e 50800007 _6V Regulator (7906) 2R 01P01-68200-02 Resistor - 6.8K, 4W, 5%

378/C  05P09-00004  Binary Counter, 12 Stage (4040) 3.27R 01P01-22200-02 Resistor - 2.2K, "W, 5%

41C 05P09-00002 Quad or Gate (4071) 4-9R 01P01-27300-02 Resistor - 27K, W, 5%

5IC 05P09-00003 Quad Excl. or Gate (4030) 1014,15R  01P01-10500-02 Resistor - 1M, "aW, 5%

6IC 05P08-00004 Quad Comparator (Nat'| LM339) 11348 01P01-10200-02 Resistor - 1K, vaW, 5%

giC 05P09-00001 Quad nor Gate (4001) 12,13,

J01C 05P09-00005 Has Inverter (4040) 16, 23R 01P01-56300-02 Resistor - 56K, 4W, 5%

AiC 05P08-00001 Quad Op-amp (Natl LM324) 17.4546R 01P02-10021-01 Resistor - 10K, 2W. 1%

12.14C  05P0B-00008 Dual timer (Nat! LM556) 181920R 01P02-20011-01 Resistor - 2K, 2W, 1%

1Q 05P04-00001 Transistor - PNP Small Signal 21R 01P01-10400-02 Resistor - 100K, VW, 5%

(2N3638A) | 22,24,

20 05P04-00002 Transistor - NPN Small Signal 25 28R 01P01-10300-02 Resistor - 10K, %W, 5%
(2N3392) | 2632338 01P01-22300-02 Resistor - 22K, aW, 5%

1,2C 03P01-47102-01 Capacitor - 470MF, 25V, Electrolytic 29, 30R 01P01-47200-02 Resistor - 4.7K, W, 5%

3-5C 03P01-10001-00 Capacitor - 10MF, 16V, Electrolytic 31R 01P01-33200-02 Resistor - 3.3K, %W, 5%

6-8C 03P03-22601-00 Capacitor - 22MF, 16V, Tantalum 35R 01P01-39100-02 Resistor - 390, W, 5%

9.11C  03P07-22410-00 Capacitor - .22MF, 100V, Film 9630428 01P01-10100-02 Resistor - 100, W, 5%

12-14C (Matched to 1%) 37 38.40,

37.39C  03P06-47105-00 Capacitor - 470PF, 50V, Ceramic 4143.44R 01P01-12300-02 Resistor - 12K, %W, 5%

15.17C  03P06-22105-00 Capacitor - 220PF, 50V, Ceramic 47-52R  01P01-20100-02 Resistor - 200, 2W. 5%

33C 03P06-50005-00 Capacitor - 50PF, 50V, Ceramic 53.61R  01P02-15031-01 Resistor - 150K, 2W, 1%

Note: No 25C, 29C *OR EQUAL

PROVIDENCE. RI

BULLETIN TM218-0387
Copyright £ 1987 Printed in US.A.



‘welbeip onewsayos ay)
U0 UMOUS SE ale Swiojarem ayl 1eyl Ajluan 01 8d00S0||19S0 Ue as

‘9g PUB 2¢ ‘gZ S|eullla) usamlaq abeyjon aul| Dy aseyd ¢ ainses|y
‘gL puB Q| S|eulwid} usamiag (S}oA §'9 0} §'G) [eulwou DA A9-
‘91 PUB § S|BUIWIBY UBBMIB] (S}OA G'9 0} §°G) |eujwou DJ A9+

‘91 |eulus)]
pue Nz Joyoeded jo pus aanebau sy} ussmiaq [eulwou OJ ASL-

‘91 [eulllIS)
pue O Jouoeded jo pua aAlsod ay) usamiaqg |euiwou DQ AGL+

'OV AOZ @9 p|noys (9 0} ¢ spea|) O34 |
J1aynoal abpug ayy 01 indul Oy ayiie abejjop (9 pue g spes|) O3d |
Ja1noai abplig ayy 03 Indul D Yoed pue (G pue i SPes|) 9L [BulwIS)
‘UoOWIWOD HNJJID uSaMaq palnsesw ag ued asayl OV AOL @9

pINoys ‘g 0} G Spea| pue 0} ¢ spea| ‘1 | jo abejon Aiepuodss ayy -

OV AOZL 8q p|noys
/1 pue gL S|eulw.a)) g pue | spea| ‘1| jo abeyoa Atewnd ayy

SMO3HD FOVLTIOA ‘Al

‘yipim pue apnjiubew swes sy} aq
pUE ‘g PUB | US2M}a( SaUl| UOISIAIp |BOILISA Sjeiedas 8y} JO 8U0 U0
Apoaaip |jey 1snw sas|nd jo dnoib yoes jo abps Buipes| ay) ‘Bunsa)
jo uoiod siy1 Buung 'y, |duueyD 0} 18s "DUAS By} Ylm slosisal
y L Buluiewsa sy} Jo yoes uo sas|nd ay) 9Ai8sqo 01 . g,, [SuUByd asn

B O ~ @

H

8

‘dnoub yoes e 1eadde

Kj@leq 1snl ses|nd [euonippe [11un AAD Jelewonuaslod MG ayy wing -

‘dnouB 1s41) U} WOoL SUOISIAIP 9 Apjoexa paoe|dsip s| dnoub
pug aul eyl os juswysnipe Buioeds |ejuoziioy yim ‘yoes sasind
om} jo sdnoib g peat 0} [BJUOZIIOY PUEB [BDILSA Y, |BUURYD }snipe
slo)sisal ML oyl Jo Aue ssoioe adooso||1oso aoel} jenp e Buisn

‘SHOA 009

01 00L — OF pue ‘zg ‘gz s|euiwia) 0} Jamod Dy aseyd ¢ Aue Aiddy -

‘uonsod pADD 03 Jeyswonusyod
uwimey ‘'ZH Y061 O} Syl peal pue MO [N} Jeywonusiod winy
"ZH M9Z 01 S| peas MDD Jeidwonuaiod 3G Uiim pue Q|9 jo | uid

uo 121unod Aousnbau) 10 8d00S0||10S0 8SN ‘10}08UU0D 1S8) 4|Q YUM °

'GZ PUE ¥ S|BUIWISY

1 OV AGLL @Insesyy ‘gL pue /| sjeuius) 0} OV AGLL Addy -

"€ PUB OE ‘92 ‘€2 ‘22 ‘02 :S[eulws) Buimojjo)

ay] JO yoea 0} (UOWWOD) ‘Gl [BUIWIS) WO} SI0ISISaL M| 108UU0D

‘(Jadim) ¢ [euiwlB) pue (MDD) 9L leuluLs)
‘(AAD) 01 |eulwa) 0] Jelawonualod MG B pue 'GL 0} | S|eulwlS)

wouy Jadwnl B ‘4 0} | S|BUIWIS} WOI} I0)SISaL 389 B }0sUU0D

(lenba 10 gLgz xiuonya]) #doaso||19sO - |
spes| di|D - L

J218WONU3I0d MG - L

Si0}sIsaY HeM ¥4 ‘ML - 9

101s1s8d HBM % ‘MBI - |

ploD auln OV AOCL - |

d34IN034 TVIY3LVIN 1S31
1S31 HON39

i



- L 1 1 s i v L £ T L [
Tea]
AD-
2 QARDIIRIG B 41 HIIHA
i "1 AVHL G Luva ot 0 31GHA M B2 4¥01 TanG 20 LoN 1k no+ ABs
4 41 AHL d3NAI4N0D AO1WAG MY OINIYLIN 38 1IIM L1 WL Aol wor[] Wez 296 %01 nzz
OMIONVIGUAONN IHL WAIM OISO13LI §1 ONY ' OWI X3740M uezl] wezl] woz ez uzz wze 9
40 ALMIdONd ANVLDMaOMd FAIRATIND TML 61 0 LEI0ONG
WO 0AR0IIEI0 GL4ION0D ONY ENVLIO AWML 4G 1TV ONIGNTINE
TOIMIVANGD WIJHIH NOILWAHOSNI 1% ONY ANIAN300 BIML
——— JIVILNIQIANOD, [ NOWNOD
62 ONY 262 ON 310N
21100-CONZI ON LNOAY T J4E ﬁ AndN1
ZIIOO-106E1 ON  B3d o
- o 6.(4_\ _ol_ v A9~ A= CEON i
amaz | 10, 10l L L _ ] 2| O
NOWWDD 283 002 42T o8z a2z L]
indina c 1 2 o[ )
.le AD- Ldosw [ dO%Z H01
7 T o T 281 s
d-d ol w b dd0s | Nz Al FE 4
o b
4 [a2i 7 as I v wiz | ace T wesl) wecl wz v
9 ON LNdino £17 T 21 N._, ' 7<viore ,
sw 4
-5 .||ne __AL 901 d-d AZ) i < !
o azl i1 L] AiT HD |
- 9
d°d * o W i taiIs |
AZH T o) W - v ’ Hooi| PRy 00" |, HEE -
- ar - v d=d Az € Wiz az w6z s0z e |
9 ON Lndino =
\.ALS 8 Toa]to) % |
o 602 PH LAl A Al : ave
ST Bt ! e . Al HOIV 111950
s A ol L doer dbég
AzZ(| gu i Azl Az - b0 | g
3 60 €1 HOE ' =
AR+t —(_}
& 5]
T HE
1 AB- e [
(v)a16| -
T amez. |, 10 10 o L 1wl w./||. T
(2) 9L 3 R oI sze T KT :
3 ) L AG+  AB- g_--uc
o o %oz
B = = = ded AOI M
i BWEE B h a
a Iﬁ A L douw d0ze p } "
o
¥ ON ANdLNO E) e T z- 4 oz ¢
”.:.L.a asl — —lj uel
d4-d » y L] 1 —
e 0IRT HEI Ape %7 W01 = -
-1 L ’z Hil Hog Hed urg
€ ON Lndino BT s ) [ 4 B}
+n AHTD \EL / t e
i
AT o8 dozy pue Lo Nz gl 2z
4 ¥ ol Ll Alddn
5 Az Sw »l kel .m nz AG+ _)-n 2
2991 e How 008
0 *1 Ol %I WOGI %I HOGI %i WOG! e
- b HEY uiG Ho® oS [t uke
. —
rad w3 \_ \_!|_|E A
b LY & Jhazot doew 3i6 B
- - av % | ¥
. I Ly 7 i
- amez |, o | e | 10 0L swi g’ doaazi A=
W kT e T €T 2T BN e ]
" | " b oy | LTNOHTD ONTZINGHHINAS e uee 0% v
£ AD-
e T @
. = : ]
“ A0%
L s Hel AGI=
2 ON LNdino [3 2=l
A9 9 z
.y %
06 ,_\ A9~ @
Wi = 100° o1/01
dd aIwil - <L czsoLvsLls
.,m_:‘|_q\.* L 1 (61 v 7 ' ua.lul quvﬁl % 3 o3 |
- ok s astol ool I aVAGH
10N Lndano an & [ 3 v AT O z b A0 oi/81 cz/0iv
- AHTUILTI|+Q L w va HEl ek o m v h
602 N i =t
T, i o A+
TR bl a2l (RISHILHIANT o qypimnas NO FoN3ND43N A O v
v SWRL T vy onau343d b AGI+
ISYIHINI NY MLIM L1437 0L LHOIH WOM4 ISYIUINI TTIM 5357INd TYNOIL - ree]
ABe 30 HIGWON IHL 1 TYNINMIL NO A9 ONV AD NIIML3G DN INOS- T A4S 53
ﬁowo-_ (51 SUOLYHINID 351nd €1 IWNINHIL NO JINIHAATW AO- W |@>n.
b Jvalinaal HIHLO HOWI HLIM (DISKWOC ) ISVHd 4O LNO 021 AWy Lna
ATTEALHIA IR OINOKE JduME NI TWIIANIOl IHY SLIANIVHA NI HAAWON WS JHL HLIM SWHOS JAvM- ()
1NdINO MOV ND STYNDIS : - « T i
oL T 6 ! 8 ¥ 1 T 9 . s v £



