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NOTE
REMARK
REFERENCE S
“‘LOW” (APPROXIMATELY 0 VDC) DISABLES THE +5V, +/-12 V,AND +15 V REGULATORS (GENERATOR SWITCHED OFF). “HIGH” (APPROXIMATELY 24 VDC) ENABLES THESE REGULATORS
1 (GENERATOR SWITCHED ON VIATHE CONSOLE ON/OFF SWITCHES, OR VIA THE ON/OFF SWITCHES ON THE GENERATOR CONTROLBOARD) .
2 +24 VDC IS PRESENT AT THIS POINT WHEN THE GENERATOR IS SWITCHED ON, ENERGIZING K1 ON THE GENERATOR CONTROL BOARD.
3 THE VOLTAGE WAVEFORM AT THIS TEST POINT IS DEPICTED IN FIGURE 1 BELOW.
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NOTE

REMARK
REFERENCE S
1 THE VOLTAGE WAVEFORM AT THIS TEST POINT IS DEPICTED IN FIGURE 1 BELOW.
° “‘LOW” (APPROXIMATELY 0 VDC) ENERGIZES THE MAIN POWER CONTACTOR IN THE GENERATOR, ("HIGH”, + 12 VDC = NOT ENERGIZED). THIS CONTACTOR IS ENERGIZED AFTER THE MAIN BUS CAPACITORS
ARE CHARGED, APPROXIMATELY 10 SECONDSAFTER POWER-ON.
3 ‘LOW” (APPROXIMATELY 0 VDC) ENERGIZES THE SOFT START CONTACTOR K2 ON THE H.V. AUXILIARY BOARD, ("HIGH”, + 12 VDC = NOT ENERGIZED). THIS CONTACTOR IS ENERGIZED FOR A MAXIMUM OF

APPROXIMATELY 10 SECONDS AFTER POWER-ON IN ORDER TO CHARGE THE DC BUS CAPACITORS.

MAXIMUM 1 SEC.
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NOTE
REFERENCE

REMARKS

1

“‘LOW” (APPROXIMATELY 0 VDC) = BUCKY 1 START. “HIGH” (APPROXIMATELY +12 VDC) = BUCKY 1 NOT REQUESTED TO START.

“‘LOW” (APPROXIMATELY 0 VDC) = BUCKY 1 READY. “HIGH” (APPROXIMATELY +5 VDC) = BUCKY 1 NOT READY.

“‘LOW” (APPROXIMATELY 0 VDC) = 40” S.I.D. INTERLOCK CLOSED. “HIGH” (APPROXIMATELY +5 VDC) = 40” S.1.D. INTERLOCK OPEN.

“‘LOW” (APPROXIMATELY 0 VDC) = 72” S.I1.D. INTERLOCK CLOSED. “HIGH” (APPROXIMATELY +5 VDC) = 72" S.1.D. INTERLOCK OPEN.

“‘LOW” (APPROXIMATELY 0 VDC) = BUCKY 2 START. “HIGH” (APPROXIMATELY +12 VDC) = BUCKY 2 NOT REQUESTED TO START.

“‘LOW” (APPROXIMATELY 0 VDC) = BUCKY 2 READY. “HIGH” (APPROXIMATELY +5 VDC) = BUCKY 2 NOT READY.

“‘LOW” (APPROXIMATELY 0 VDC) = DOOR INTERLOCK CLOSED. “HIGH” (APPROXIMATELY +5 VDC) = DOOR INTERLOCK OPEN.

O IN[O|O W ([N

‘LOW” (APPROXIMATELY 0 VDC) = THERMAL SWITCH CLOSED. “HIGH” (APPROXIMATELY +5 VDC) = THERMAL SWITCH OPEN.
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NOTE

REFERENCE REMARKS
1 ‘LOW” (APPROXIMATELY 0 VDC) = X-RAY REQUESTED. “HIGH” (APPROXIMATELY +24 VDC) = X-RAY NOT REQUESTED.
2 ‘LOW” (APPROXIMATELY 0 VDC) = PREP REQUESTED. “HIGH” (APPROXIMATELY +24 VDC) = PREP NOT REQUESTED.
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10098 <« PART OF HT TANK

kV FEEDBACK TO Jo-7 <
TO PAGE 2 TO J9-5 <€
T2 J21 70 J9-6 € —— HV ANODE
« == o——» TOJ16-1 INVERTER BOARD
PART OF INVERTER "SHOOT __, ——y(_ X “SHOOT THRU"
THROUGH” DETECTOR CIRCUIT —— ” ‘\__ 2 TO J16-3 SENSE, TO PAGE 1 *
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Os
IR L
/_i_\
J13-1 J1-1 l ,J i
O -
sge| |up2 | J’:| J:| 58 o A HV MULT
i} S NN - o
133 3
sigal |4 ] Jéi Jﬁ 435 L
J3-6 ‘ L — 1 T
E4 YN AL N v ,// de
.
1
! |
A P I
INVERTER BOARD E2: 560 to 670 VDC () > =+ i
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PAGE 1 .
If;/-\\
V2 o 16104 ‘ l
s .
PART OF INVERTER "SHOOT _ -———\)ii' s BRI A E10 et
THROUGH” DETECTOR CIRCUIT - J2 101030 SENSE, TO PAGE 1 o |
MOSFET INVERTER E1: 56010 870 VDC () J7 HY MULT
(INCLUDES Q1-Q16) ! 0 (CATHODE)
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L Y YY) '
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J5-1 J1-1
Brrgr 5 ERE
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© ]| ct
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Jod 4 1 J.J J,J oS
:| :| TANK LID HV CATHODE CATJHzan
E4 T~ ] BOARD BOARD
T
1
GENERATOR ,'\ * DEPENDING ON GENERATOR
. : MODEL, THE H.T. TRANSFORMERS
CONTROL BOARD INVERTER BOARD E2: 560 t0 670 VDC () AT AR A
WINDINGS, OR THREE SECONDARIES
AS SHOWN ABOVE
THIS PAGE DEPICTS 50 KW UNITS (WITH TWO INVERTER ASSEMBLIES.
REFER TO PAGE 3 FOR 30/32/40KW UNITS THAT USE ONE INVERTER ONLY. H.T. PRIMARY CURRENT ) TO J6-1 PART OF H.V. OIL TANK
SENSE, TO PAGE 1 TO J6-4 <€
DRAWN DATE
G. SANWALD | 11 FEB 2003 KV CONTROL
CHECKED
Steve Blake | 18 FEB/03 & FEEDBACK
DES.\MFG.\AUTH.

EDWOOD | FEB13/03 MD-0835 REV A
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PART OF INVERTER “SHOOT « "
» e SHOOT THRU
THROUGH” DETECTOR CIRCUIT :) J2-3 SENSE, TO PAGE 1

T2 J2-1
—>» TO J10-1 INVERTER
—» TO J10-3

MOSFET INVERTER E1:32510 $7° vbe
(INCLUDES Q1-Q16) .

é

oYY YY)y >
FROM 51 a4 |J |J TO E9 AND E10
PAGE 1 152 2 1 JE’| J;:I E OF( l;—lA\(/;. ET/-Z\I)\JK
o O———-
E3 YY) : »
J53 Ji8 5 Y
» - ]
J5-4 Ji-a | JF1'| — JE’|
El7 YY)
H
GENERATOR A
CONTROL BOARD INVERTER BOARD E2: 325 t0 670 VDC (-)
H.T. PRIMARY CURRENT { TO J6-1
SENSE, TO PAGE 1 TO J6-4 :
NOTE
REMARK
REFERENCE S

y A NARROW PULSE WILL BE PRESENT AT THIS TEST POINT IFAN INVERTER “SHOOT THROUGH” HAS BEEN DETECTED. THE VOLTAGE WAVEFORMAT THIS TEST POINT IS DEPICTED IN FIGURE 1 BELOW.

THIS PULSE MAY BE VERY DIFFICULT O DETECT, AS THE INVERTER DRIVE WILLBE SHUT DOWN WHEN A“SHOOT THROUGH” IS DETECTED, THUS REMOVING THE FAULT CONDITION.
2 AS PER # 1.
3 A NARROW PULSE WILL BE PRESENT AT THIS TEST POINT IF KV OVER VOLTAGE HAS BEEN DETECTED (130 KV FOR 125 KV UNITS, 163 KV FOR 150 KV UNITS). REFER TO FIGURE 1. THIS PULSE MAY BE VERY

DIFFICULT TO DETECT, AS THE HIGH VOLTAGE WILLBE SHUT DOWN WHEN THE OVER VOLTAGE CONDITION IS DETECTED, THUS REMOVING THE FAULT CONDITION.
4 LOW (APPROXIMATELY 0 VDC) = X-RAY REQUESTED BY THE CPU, HIGH (APPROXIMATELY +5 VDC) = NO X-RAY REQUEST BY THE CPU.
5 A NARROW PULSE WILL BE PRESENT AT THIS TEST POINT IF INVERTER OVER CURRENT HAS BEEN DETECTED. THE VOLTAGE WAVEFORMAT THIS TEST POINT IS DEPICTED IN FIGURE 1 BELOW.

THIS PULSE MAY BE VERY DIFFICULT O DETECT, AS THE INVERTER DRIVE WILLBE SHUT DOWN WHEN AN OVER CURRENT CONDITION S DETECTED, THUS REMOVING THE FAULT CONDITION.
6 LOW (APPROXIMATELY 0 VDC) = NO FAULT PRESENT, ALLOW AN X-RAY EXPOSURE. HIGH (APPROXIMATELY +5 VDC) = X-RAY EXPOSURE INHIBITED.
7 LOW (APPROXIMATELY 0 VDC) = X-RAY REQUESTED BY CONSOLE, HIGH (APPROXIMATELY +5 VDC) = X-RAY NOT REQUESTED.
8 LOW (APPROXIMATELY 0 VDC) = NAND GATES U17A, U17B DISABLED. HIGH (APPROXIMATELY +5 VDC) = NAND GATES ENABLED, THUS ALLOWING INVERTER GATE DRIVE.
9 LOW (0 VDC) = H.V.TANK CONNECTED, HIGH (APPROXIMATELY +5 VDC) = H.V. TANK NOT CONNECTED.
10 THE VOLTAGE AT TP2 AND TP3 SHOULD BE A50% DUTY CYCLE SQUARE WAVE, RANGING IN FREQUENCY FROM APPROXIMATELY 80 kHz TO APPROXIMATELY 250 kHz, DEPENDING ON GENERATOR

OUTPUT POWER. SEE FIGURE 2.

+5V
FIGURE 1 12 VDC
FIGURE 2
ov 0VvDC
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REFER TO PAGE 3 FOR

LOGIC LEVELS, NOTES, MAXIMUM FILAMENT CURRENT
ETC, REFERENCED BY LIMIT CIRCUIT
THIS SYMBOL.: O SET MAX
CURRENT ERROR AMPLIFIER, PWM REGULATOR,
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|
\4
DRAWN DATE
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s O  1+— 5
Qo X
J2
CATHODE HV CATHODE TANK LID
BOARD BOARD
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NOTE

REMARK
REFERENCE S
1 1 VOLTAT THIS TEST POINT = 1 AMP OF FILAMENT DEMAND.
2 “‘LOW” (APPROXIMATELY 0 VDC) ENERGIZES K1 ON THE FILAMENT SUPPLY BOARD (SMALL FILAMENT), “HIGH” (APPROXIMATELY +12 VDC) DE-ENERGIZES K1 (LARGE FILAMENT).
3 0.6 VOLTAT THIS TEST POINT = 1 AMP OF ACTUAL FILAMENT CURRENT.
4 1 VOLTAT THIS TEST POINT = 1 AMP OF ACTUAL FILAMENT CURRENT.
5 PWM OUTPUT. THE WAVEFORM WILL BE AS PER FIGURE 1 FOR LOWAND HIGH FILAMENT CURRENT DEMAND.
A NARROW PULSE WILL BE PRESENT AT THESE TEST POINTS DURING SEVERE ANODE OR CATHODE OVER CURRENTS (I.E. TUBE ORTANKARCS). REFER TO FIGURE 2. THESE PULSES MAY BE VERY
6.7 DIFFICULT TO OBSERVE, AS THE HIGH VOLTAGE WILL SHUT DOWN WHEN A FAULT IS DETECTED, THUS REMOVING THE OVER CURRENT SITUATION.
Approx 25 usec (40 kHz)
+12V
LOW FILAMENT
DEMAND
FIGURE 1 oV
+12V
HIGH FILAMENT
DEMAND
ov
+5 TP25
oV
FIGURE 2

Vv
+5V
TP24
oV

DRAWN DATE
G. SANWALD | 11 FEB 2003 FILAMENT DRIVE
Cl-"ECKE%t(-we Blake 18 FEB/03 & MA CONTROL
DES.\MFG.\AUTH.
MD-0836 REV B

ED WOOD

FEB 13/03
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iYs o o %4 com
120/240 VAC =19
TO LOW SPEED R19 | IC12 5 | SHIET
STARTER —
FROM MD-0831 { F6 - e o R20 5% 1 mAIN
U/ o o (I
J7-3
GROUND
g &l g+
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{ T J6-4 J11-4 DRIVER
D7 TP11 +12V
J6-1 J11-1
J6-2 J11-2
&4
DATA, ADDRESS, &
CONTROL BUS
H.V. AUXILIARY BOARD GENERATOR CONTROL BOARD
REFER TO PAGE 2 FOR

LOGIC LEVELS, NOTES,
ETC, REFERENCED BY

THIS SYMBOL: O

DRAWN DATE
G. SANWALD | 11 FEB 2003 LOW SPEED
CHECKED
Steve Blake | 18 FEB/03 STARTER
DES\MFG.\AUTH.
EDWOOD | FEB13/03 MD-0837 REV B
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NOTE

REFERENCE REMARKS
1 MAIN STATOR CURRENT SENSE. IF MAIN CURRENT IS LOW, THIS WILL BE APPROXIMATELY +5 VDC. PULSES AT 120 HZ WILL BE PRESENT AS SHOWN IN FIGURE 1 AT NORMAL STATOR CURRENT.
2 PHASE-SHIFT STATOR CURRENT SENSE. IF SHIFT CURRENT IS LOW, THIS WILL BE APPROXIMATELY +5 VDC. PULSES AT 120 HZ WILL BE PRESENT AS SHOWN IN FIGURE 1 AT NORMAL STATOR CURRENT.
3 “‘LOW” (APPROXIMATELY 0 VDC) FOR APPROXIMATELY 1.8 SEC DURING PREP, THEN PULSED LOW FOR 500 MSEC EVERY 5 SECONDS DURING PREP. REFER TO FIGURE 2.
4 “‘LOW” (APPROXIMATELY 0 VDC) ENERGIZES K4 ON THE H.V. AUXILIARY BOARD, ("HIGH”, + 12 VDC = NOT ENERGIZED). THIS RELAY IS ENERGIZED AFTER THE MAIN BUS CAPACITORS ARE CHARGED,

APPROXIMATELY 10 SECONDS AFTER POWER-ON.

— +5V
FIGURE 1
— <— THIS APPROACHES 0 V AS CURRENT INCREASES

FIGURE 2

PREP STARTED —>

oV

—>1 [<— PULSE WIDTH INCREASES AS CURRENT INCREASES

B\ e — K5 DE-ENERGIZED

K5 ENERGIZED

—> <— APPROXIMATELY 1.8 SEC.

DRAWN
G. SANWALD

DATE
11 FEB 2003

CHECKED
Steve Blake

18 FEB/03

LOW SPEED
STARTER

DES.\MFG.\AUTH.
ED WOOD

FEB 13/03

MD-0837 REV B

SHEET 2 OF 2




REFER TO PAGE 7 FOR
LOGIC LEVELS, NOTES,
ETC, REFERENCED BY

THIS SYMBOL: O

DATA, ADDRESS, &
CONTROL BUS

GENERATOR CONTROLBOARD

Y
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J7-2
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J7-3
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/) J7-7
> o
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MIDDLE FIELD SELECT
RIGHT FIELD SELECT

PT RAMP
PT REF
PT STOP

TO AEC BOARD.
REFER TO SHEETS 2-6
AS APPLICABLE FOR THE
AEC BOARD IN YOUR UNIT
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GENERATOR CONTROLBOARD AEC BOARD
THIS SHEET APPLIES TO AEC BOARD ASSEMBLY 733347 - DESIGNATES AN ANALOG SWITCH. THESE ARE I.C. “SWITCHES”
— THAT ARE SWITCHED ON / OFF BY APPLYING THE APPROPRIATE DRAWN DATE
REFER TO CHAPTER 3D FOR INSTALLATION AND CALIBRATION DETAILS. LOGIC LEVEL (0V = OFF, 12V = ON). G. SANWALD | 13 FEB 2003
CHECKED AEC
Steve Blake 18 FEB/03
DES.\MFG.\AUTH.
ED WOOD FEB 13/03 MD-0838 REV C
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GENERATOR CONTROL BOARD AEC BOARD
THIS SHEET APPLIES TO AEC BOARD ASSEMBLY 734614 ___/1' - DESIGNATES AN ANALOG SWITCH. THESE ARE I.C. “SWITCHES” THAT ARE DRAWN DATE
REFER TO CHAPTER 3D FOR INSTALLATION AND CALIBRATION DETAILS. SWITCHED ON / OFF BY APPLYING THE APPROPRIATE LOGIC LEVEL. G. SANWALD | 13 FEB 2003 AEC
CHECKED
THE +/- 12V OUTPUTS ON J1 TO J4 AND J11 TO J14 ARE NOT SHOWN ON DESIGNATES A FACTORY CONFIGURED LOGIC OR SIGNAL LEVEL.AEC Steve Blake 18 FEB/03
THIS DIAGRAM. THESE ARE DETAILED ON THE CONNECTOR PIN OUT o * BOARDS ARE CONFIGURED AT THE TIME OF ORDER TO BE COMPATIBLE DES.\MFG.\AUTH.
TABLES IN CHAPTER 3D. __°— WITH THE SPECIFIED AEC CHAMBER(S). FOR EXAMPLE, THE START EDwoop | FEB 13/03 MD-0838 REV C
SIGNAL TO THE CHAMBER MAY BE FACTORY CONFIGURED TO BE ACTIVE
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NOTE
REFERENCE REMARKS
1 GENERATES A PULSE PER FIGURE 1 WHEN THE AEC RAMP IS APPROXIMATELY 5 % OF THE AEC REFERENCE IF THE AEC RAMP IS ON THE CORRECT TRAJECTORY.
2 AEC REFERENCE VOLTAGE, 0 TO +10 VDC, DEPENDING ON AEC TECHNIQUE. THE LENGTH OF THE AEC EXPOSURE IS PROPORTIONAL TO THEAEC REFERENCE VOLTAGE.
3 AEC STOP (PT STOP) SIGNAL. THIS IS NORMALLY HIGH (APPROXIMATELY +5 VDC), SWITCHING LOW WHEN THE AEC RAMP = THE AEC REFERENCE VOLTAGE. REFER TO FIGURE 1.
4 AEC RAMP. THIS IS ASIGNAL RAMPING FROM 0 TOWARD +10 VDC, THE ACTUAL MAGNITUDE WILL DEPEND ON THE AEC TECHNIQUE. REFER TO FIGURE 2.
5 AS PER # 4.
6 PWM OUTPUT. THIS WILL BE VARIABLE WIDTH PULSES (PULSE WIDTH INCREASING AT INCREASING LOAD), UP TOA MAXIMUM OF 50% DUTY CYCLE. REFER TO FIGURE 4.
7 AEC RAMP OR DC VOLTAGE. THIS IS ARAMP OR DC VOLTAGE, DEPENDING ON AEC CHAMBER TYPE (INTEGRATING OR NON-INTEGRATING). REFER TO FIGURE 3.
8 AS PER # 7, EXCEPT THAT THE RAMP OR DC VOLTAGE WILL BE POSITIVE GOING AND NOT OF THE SAME MAGNITUDE.
9 THE VOLTAGE AT THIS TEST POINT ISTHE OUTPUT OF THE AEC CHAMBER. REFERTO THE AEC CHAMBER MANUFACTURERS DOCUMENTATION FOR DETAILS.
10 THIS IS THE START SIGNAL. “HIGH” (5 VDC) = START = ANALOG SWITCHES CLOSED, “LOW” (0 VDC) = START = ANALOG SWITCHES OPEN.
11 THIS WILL BE ANEGATIVE DC VOLTAGE. THE MAGNITUDE OF THE DC VOLTAGE IS DEPENDENT ON THE AEC TECHNIQUE IN USE.
12 AS PER # 7, EXCEPT THAT THE POLARITY WILL BE POSITIVE.
13 THE POLARITY AND MAGNITUDE OF THE RAMP AT THIS POINT SHOULD BE APPROXIMATELY THE SAME AS THE PT RAMP OUTPUT. NOTE REFERENCE 4.
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