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RADIATION HAZARDS & SAFETY PRECAUTIONS

It is dangerous for any person co operate this equipment without having
appropriate training which will have included instruction in the means
for using X-radiation without hazard to patient, user and surroundings.

The purpose of these instructions is to inform the user about the
technical functioning of the equipment for the intended purpose(s); they
do not cover any aspects of radiation protection or other aspects of
safety relating to the application of the equipment.

The user must be aware of all regulations and requirements that may be
applicable governing the installation and use of equipment producing
ionising radiation for medical purposes.

ELECTRIC SHOCK HAZARD
Do not remove any high voltage cable connection to an X-ray tube. Note
also that such a cable may retain an electric charge or be connected to

other components retaining a charge after the equipment has been switched
off.

Do not remove any covers or panels giving access to live parts. Any
cover requiring the use of a tool for its removal can be assumed to be in
this category.

EXPLOSION HAZARD

This equipment is not classified as anaesthetic-proof and may ignite
flammable anaesthetics. Flammanle agents used for skin cleaning or
disinfection may also produce an explosion hazard.

HEALTH & SAFETY AT WORK ACT 1974 (UK installations only)

All equipment manufactured and supplied by this Company has been tested
and examined to ensure as far as is reasonably practicable, that it is
safe and without undue risk to health when properly used.

The conditions under which our equipment will operate safely and without
undue risk to health are specified in our Operating Instructions and
users should ensure that they fully understand the technical conditions
regarding safe operating of the equipment and are conversant with and
observe Regulations and Codes of Practice which relate to X-ray
Equipment.

It is also the duty of the employer to ensure that his employees fully
understand the Regulations and Operating Instructions.
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GENERAL REQUIREMENTS
PRE-INSTALLATION INSTRUCTIONS

The following instructions are to be read in conjunction with the layout
drawing prepared by PICKER INTERNATIONAL LIMITED.

GENERAL ELECTRICAL REQUIREMENTS

All electrical wiring and interconnection must be strictly in accordance
with the recommendations contained in 'The regulations for the Electrical
Equipment of Buildings' published by the Institute of Electrical
Engineers or other appropriate national wiring regulations. Special care
must be taken to ensure that all conduits are properly bonded and
connected to earth.

The following table shows the sizes of cables to be used for
interconnecting equipment.

Cross-— Metric Sizes Imperial Sizes Current

Sectional Rating,

Area mm Stranded | Flexible Stranded Flexible A
1.0 32/0.20 40/.0076 10
1525 3/.74 3/.02910
| nominal 30/0.25 15
2.0 3/.036 70/.0076 15
3.0 7/.029 110/.0076 20
2.5 50/0.30 20
4,0 7/0.85 56/0.30 25
4,5 7/036 162/.0076 25
i P 105/.010 30
6.0 7/1.04 30
6.8 7/.044 36
L0.0 7/1.35 7/.052 42
15.0 7/1.70 7/.064 53
20.0 19/.044 62
25.0 7/2.14 19/.052 73
35.0 19/1.53 90
40,0 19/.064 97
50.0 19/1.78 145
65,0 19/.083 160
70.0 19/2.14 185

The metric sizes quoted are nominal, some variations are made by
suppliers.

Note: Solid conductors are NOT suitable. Stranded or flexible
cables MUST be used.
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All metal parts of items such as tables, tubestands and tracks must be
securely earthed at the point indicated in the Pre-installation Schedule
and layout drawings, then returned to the main earth point at the main
isolator in the X-ray room. A stranded conductor of suitable
cross-sectional area may be used or a copper strip of cross-section not
less than 16mm x 2,5mm. A tail of 0.5 metre should be left for
connection by the Installation Engineer. The resistance between any
earthed metal part and the main earth point must not exceed 0.lohm as
specified in paragraph 7 of DHSS General Technical Clauses 1973. All
leads must be enclosed in steel conduit or trunking.

Normally all connections to terminals will be made by PICKER
Equipment Engineers.

GENERAL STRUCTURAL REQUIREMENTS

Each installation must be investigated by an Archite&t or Surveyor to
determine the size of girders and other bearers required to support the
weight of equipments installed.

PREPARATION OF CEILING

Ceiling tracks can be fixed directly to the ceiling but, normally, a
board is required which must be of hardwood not less than 40mm thick.
For width, length and positions, refer to layout drawing. Ceiling
boards must be level and capable of supporting the moving load stated in
the relevant pre-installation instruction and must be firmly bolted to
the ceiling or other fixings. Access to the upper side of the board
should be possible for the Installation Engineer to bolt the tracks in
position.

CEILING MOUNTED TUBE SUPPORTS

The lateral movement of ceiling tracks must not be greater then 3mm; if
necessary fit cross-members between girders or use some other method to
prevent excessive lateral movement.

FLOOR TO CEILING MOUNTED TUBE SUPPORTS - MOBILE

The ceiling board and floor track must be plumb level to within a
tolerance of 3mm in the position ghown on the layout drawing.

FLOOR TO CEILING/WALL MOUNTED TUBE SUPPORTS & BUCKY STANDS

Provide and fit a hardwood fixing board to the ceiling or wall. The
board should be a minimum size of 230mm x 230mm x 4Omm. Fixings for the
board must not coincide with the fixings on the extension tube plate or
ceiling tracks. For the maximum loading on the extension tube plate
fixings, refer to the pre-installation instructions.

X (2450/1/385)



CEILING SUPPORT FOR HT CABLES

A ceiling board 50mm wide is normally required to support the Capitol
Track and fittings, together with the HT cables. For length and
position refer to the layout drawing.

PREPARATION OF FLOOR

A level floor surface must be provided for all equipments. No part of
the floor area concerned may be more than 3mm from the nominal floor
level. The areas over which the equipments are to be fixed must be
checked with the aid of a straight edge, and any high spots removed
until the areas are within tolerance. If the floor cannot be improved
or is too weak, bearers of the type as shown in the pre-installation
instruction should be let into the floor. The upper surface of the
bearers must be level in all directions and the bearinf surface must
not be lower than the highest point of the adjacent floor.

In rooms where a new concrete or composition floor is being laid, built
in bearers may be considered.

FLOOR TRACKS

When a flush floor track is to be used a sultable channel must be made
in the floor, or a channelled bearer provided. (See pre-installation
schedules).
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1.1

1.2

NOTE

1.3

1.‘

1.5

1 SPECIFICATION

Output
37.5 kW (IEC Rating) 2 pulse

Max mA - 500mA at 100kV on a 1line resistance of less than 0.3 ohm
referred to 415V ac

Max kV - 125kV at 300mA

Power Supply

Nominal 415V, 380V and 220V, single phase, 50/60Hz

1. There is reduced output performance with a 220V power supply.

2 The R500 Series 2 can be used on a 60Hz supply after factory
modifications have been carried out. It is important, therefore, that
the correct supply frequency is specified at the time of ordering.

Line-to-line resistance is not to exceed 0.330hm at 415V, 0.30hm at
380V and 0.150hm at 220V.

Mains Voltage Compensation

Manual adjustment range available:

Nominal 415V Adjustment range is 367-455V
Nominal 380V Adjustment range is 332-420V
Nominal 220V Ad justment range is 172-260V
kV Range

Radiography: Fine and coarse kilovoltage controls with adjustment
between 45kVp to 125kVp in steps of approximately 1kV.

Fluoroscopy: 60-110kV, continuously adjustable.

mA Range
Broad Focus: 300mA at 125kV
400mA at 125kV
500mA at 100kV
Fine Focus: 50, 100, 200mA at 125kV
Fluoroscopy: 0.5 - 5mA, continuously adjustable

L 4
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1 SPECIFICATION

1.1 Output
37.5 kW (IEC Rating) 2 pulse

Max mA - 500mA at 100kV on a line resistance of less than 0.3 ohm
referred to 415V ac

Max kV - 125kV at 300mA
1.2 Power Supply
Nominal 415V, 380V and 220V, single phase, 50/60Hz
NOTE 1. There is reduced output performance with a 220V power supply.

-

2 The R500 Series 2 can be used on a 60Hz supply after factory
modifications have been carried out. It is impertant, therefore, that
the correct supply frequency is specified at the time of ordering.

Line-to-line resistance 1s not to exceed 0.33ohm at 415V, 0.3ohm at
380V and 0.150hm at 220V.

1.3 Mains Voltage Compensation

Manual adjustment range available:

Nominal 415V Ad justment range is 367-455V
Nominal 380V Adjustment range is 332-420V
Nominal 220V Ad justment range is 172-260V

1.4 kV Range

Radiography: Fine and coarse kilovoltage controls with adjustment
between 45kVp to 125kVp in steps of approximately 1kV.

Fluoroscopy: 60-110kV, continuously adjustable.
1.5 mA Range
Broad Focus: 300mA at 125kV
400mA at 125kV
500mA at 100kV
Fine Focus: 50, 100, 200mA at 125kV

Fluoroscopy: 0.5 = 5mA, continuouslyg adjustable
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1.6

1.7

1.8

1.9

1.10

Timer Range
Radiography: 0.01 - 5 seconds

24 position rotary switch selector
Fluoroscopy: 0-10 minutes with buzzer alarm during last 5s

prior to automatic termination at zero.
Repetition Rate
Up to 6 exposures per second
X-ray Tubes

Sockets are fitted for the connection of 4 double-focus X~ray tubes,
the fourth tube being for mammography only. Automatic overload
protection for a total of 6 different foci is provided.

-

Gecomat 2

If a Gecomat is incorporated, automatic kV compensation is applied at
60kV, 80kV and 100kV.

Displays
Figure 1 is a view of the control panel.
Two meters are provided:

1 Voltmeter. This indicates the selected kV. During standby it
indicates the kV preselected for radiography.

2 Combined voltmeter and mA meter. This has two scales: 0-10mA
for fluoroscopy; 0-1000mA for radiography. During standby, a
red mark at the centre of the scale indicates the correct line
voltage. This is set by rotating the control at the left-hand
side of the control console casing.

The illuminated display panel indicates the following:

Pre-selected radiographic mA

Technique selected P

Tube focus selected

Ready to expose

Tube overload

High speed stator selection (if applicable)
X-rays on

Exposure time

(2450/2/0486)
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1.11 Interfacing

Facilities are provided for direct connection of the following
equipment:

PICKER X-ray Tables and Chest Bucky Stands (modification is
required for standard sectograph)

Apollo Ceiling Tubemount
K-580 series of Image Intensifiers and TV Systems
HS150 Frequency Converter

s

Gecomat 2

¥
CAUTION Installation of equipment and accessories not listed above
must not be attempted without prior consultation with Picker
International Ltd., Wembley.

1.12 Associated Documents

Always refer to the relevent installation/service manual of
accessories to assist.

4 (2450/1/385)



2 PRELIMINARY INSTALLATION WORK

2.1 Checking Pre-Installation Work

Ensure that the required pre-installation work has been completed
in accordance with the pre-installations schedules and layout
drawings provided.

(2450/1/385)
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3 INVENTORY
Equipment is supplied as follows:
BOX 1 Containing R500 Series 2 Control Console
BOX 2 Containing R500 Series 2 HT Transformer
BOX 3 Containing the following items:

1 off Wall Junction Box prewired to 2 flexible wiring conduits for
connection to the Control Console -

1 off Wall Junction Box identical to the above for connection to
the HT Transformer

1 off flexible wiring conduit to connect the Wall Junction Box to
the HT Transformer

3.1 Kit Supplied with DHSS Orders

DHSS installations will be supplied with an additional kit Stock
No.M1286=517 containing the following items:

4 off Exposure Counters X610-905
25 off Terminals Crimp Spade 4 BA 6233-201
I off Wall Box containing: MC22049

Tube selected lights and Auxiliaries Panel

Room lights transformer

If any item is missing or damaged, inform Picker International and
the carriers immediately.
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A

4,2
A

B

4 INSTALLATION
Preliminaries
Ensure that the required pre-installation work has been completed
in accordance with the pre-installation schedules and layout
drawings provided.
Circuit diagrams for the R500 Series 2 are given in Appendix 2.
HT Transformer 0il Level
Remove the HT transformer cover (see para. 4.3.2).

-

Remove the oil-filler cover (see Fig. 2) from the HT transformer.

CAUTION: Complete the following steps as soon as possible to prevent

contamination of the oil.

NOTE

Check that the o0il level is between 25mm (lin) and 38mm (l3in.)
from the oil filler top. Use a clean implement such as a
screwdriver as a dipstick.

1. The levels specified are at normal ambient temperature of
20°c.

2. Export units may have 23 litre (5 gallons) of oil despatched
separately., Transfer the oil to the HT transformer using a
funnel with a fine gauze to filter out any impurities. Add
the oil slowly, directing it so that the minimum number of air
bubbles are formed.

3. Only use DIALA grade B Shell or equivalent oil.
If the oil level is low, add oil as detailed in Note 2 above.
Refit the oil-filler cover having first removed the vent screw

from it. (The vent screw is fitted to prevent oil spillage during
transit.)

CAUTION: The vent screw must be removed when the HT transformer is in

use.,

F
4.3

4,3.1

Refit the HT transformer cover.
Removing and Refitting Covers

Control Console

To gain access to the interior of the Control Console for installation

(2450/1/385) 9



connections and adjustments, it is necessary to remove the covers (see Figure

3).

When work has been completed, the covers must be refitted.

4.3.2 HT Transformer

To gain access to the HT transformer terminals, it is necessary to remove the

cover.

To do this, the four cover securing screws must be unscrewed (see

Figure 2). When work has been completed, the cover must be refitted.

4.4

A

10

Connecting the Control Conscle

The two flexible conduits from the prewired wall box (see Figure 6)
enter the Console through 2 holes in the base panel at the appropriate
side.

Cable clamps are used -to secure the conduits to the left-hand side
panel of the Console.

The two conduits contain 120 light-duty conductors (5 of which are
spare) and 8 heavy-duty ones.

The light-duty conductors are formed into 8 branches. Each branch is
terminated by a multi-way terminal strip, with the first and last wire
on the strip being idented with numbers corresponding to those on the
fixed terminal strip to which it is to be connected.

There are 8 fixed terminal strips on the left-hand side panel of the
Console (see Figure 4), the top strip being allocated for Gecomat
connection.

Connect the flexible conduit wiring strips to the corresponding fixed
terminal strips and check that the flexible conduit terminal strip
idents correspond to the numbers on the fixed terminal strips.

The heavy-duty conductors are divided into three groups which are to be
secured to the main terminal board on the Console as follows:

(2450/2/0486)
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4.5

12

Conductor Terminal
Connection

Ident Colour
L1 Blue L1
L2 Black L2**
L3 Brown L3
N Grey N*f
E ,Green/Yellow -4; *
Tl Blue T.l
T2 Black T2x*
T3 Brown T3

* The earth stud is located on the left-hand front
stanchion of the Console.

** These conductors are not used and should be insulated and
bound back to the cable.

Connecting the HT Transformer

One flexible conduit is provided for connection between the
prewired wall box (see Fig. 6) and the HT transformer (see Fig.2),

A cable clamp is used to secure the conduit at the HT
transformer.

The conduit contains 15 light-duty conductors, 3 heavy-duty ones,
and 1 earth wire.

The light-duty conductors are terminated at each end by a
multi-way terminal strip one of which is to be connected to the 15
way terminal strip on the transformer top panel, and the other to
the corresponding terminal strip in the wall box. Check that the
flexible conduit terminal strip idents correspond to the numbers
on the fixed terminal strip.

The heavy-duty conductors are divided into two groups which are
to be secured to the appropriate terminals at the wall box and
at the end of the HT transformer nearest the Tube 4 anode socket
(see Fig. 2) as follows:

(2450/1/385)
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4.6,2

14

Conductor Terminal
Commection
— e g N

Tdent Colour Wall Box Tank

T1 Blue T1 1

T2 Black T2*

T3 Brown T3 2

i 7;77 Frawme
= Green/Yellow Earth

* This conductor is not uzed and should be Llnsulated and bound bhack
tu the cable.

HT Cables N

The HT transtormer {s equipped to =supply up to Ffour double-focus X-—ray
tubes. The positions of the HT cable sockets are shown in Figure 2.

Preparatory Work
Mains Supply Taps

On the mains voltage tapping panel {see Figure 53}, set the CT iink fo
the terminal {415, 380 or 220¥) nearest to that of the mains supply
voltape in the building.

Voltage and Frequency Taps

Line Contactor. On transformer TR17? (see Figure ¥}, connect the yellow
wander lead at the left-hand terminals (primary winding) ko the
terminal idented with the wvoltage {220, 380, 415V) nearest to that of
the mains supply woltage. On the right-hand terminal strips connect
the green lead to the terminal marked 20 {secondary winding} for a 50H=z
supply or to the one marked 24 {secondary winding)} for a 60Hz supply.

Magnetiec Stabiliser. On tranaformer TRIO (gee Figure 5}, connect che

red sleeved lead and the preen lead to their respective cappings for

50Hz or bUHz according to the maine supply EFrequency.

Centactor and Anode Starter

i Connect the violet lead to the 220V terminal {at fuse F3) for
a 50Hz mains supply or to the 260F terminal {at fuse FB} for a
60Hz mains supply.

ii Connect the single thick white lead to the 2208 terminal (at
fuse F3) for 240V operation of Bucky and amcillaries.

(2450/2/0486)



4.,6.3

I-Bay Tube Over-Pressure Thermal Cut—Out Terminals

A On delivery these will be linked on the Conscle terminal strips (see
Figure 4} as follows:
TUBE 1 110 tno 117
TORE 2 111 to 118
TUBE 3 112 to 119
TUBE 4 113 to 120
If over-pressure thermal cut-outs or X-ray table interlocks have to be
ficted, the associated links must be removed. Terminals are available
on  the wall box to¢ accommodate the wires #$rom the tube thermal
cut-outs. {See Appendix 1 for details of the intercconmecticons.)
NOTE If rube or tubes are not installed, the corresponding link
must he open {relay PL, is open and Prep and Fluore are
digabled}. .
4.6.4 X~ray Tube Staror Comnections .
Stateor wires should be connected to the wall box. The terminal numbers are as
follows:
[
TUBE NIIMRER TERMINAL HUMBER STATOR WIRE COLOUR
1 121 Brown (common)
122 Blue (capacitive)
. 122 ’ Black {main)
: E , Green/Yellow
|
|
2 ' 124 Brown (common)
125 Blueg {rapacitive)
126 Black {(main}
E Grean/Yellow
3 127 Brown {(common}
128 Blue {capacitive)
129 : Elack {main)
E [ Green/¥ellow
& j 130 Brown (common}
; 131 Blua (capacitive}
i 132 Black (main)
i E Green/Yellow
4,6.5 Bucky Connections

The standard Bucky connections are as follows:

133 = 220V Bucky 1 start
134 = 220 Bucky 2 srart
135 -  220%¥ Bucky 3 startt
136 - 220V Bucky 4 statt
137 - 220V Bucky 5 starc
138 - Z220¥ Bucky & start
141,142 - Common Bucky returns (220V)

l4b6—148

Commom OV cimer start from Buckys

{2450/2/0486) 15
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for techninues that do not require buckies, Tink the assoclaled bucky
start terminals to terminal 147. This can be elfecled or the Cousole
terminal sevipr.

The mescky wiring should be connocted to the wall box terminals.

Typleal interccownectlons are dectaited below!

Terhnulgque [ Tube Buclksy B500 terminals Bucky torminals
l L Mot uscd Link L33 to 148 Wert used
a 2 Table 134 L4
’ 158 125

142 ) 1239

3 Z Versatilt 135 L26
L48 125
142 129

4 ba Othor 138 Bucky starct
L4H Lxp start
142 Bucky teturn

= 3 trher 137 Bucky stare
L48 Exp slLart
142 Bucky return

6 s Mammo L34 Bucky statt
L4 Ewp utart
L42 Bucky roturn

soec: There is no provision bto switch a buacky in or oukb once a
partlenlar technigue has heen selectad,

4.6.8 Tube Expesure Counters
A Screw the counter assemhiics to the pancl {(see Iig. 3}.

B Connect cach pair of wircs to the appropriate pair of toerminals
allocated to each tube {i.e, 1, 2, 3 and 4).

{2450/ 1/385) | 17
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4.7 R50C Series ? Terminal Strip Connections
Figurg 4 ghows the locationa of the terminal strips on the Console.

TERMINAL TERMINAL DESIGHNATTON

NUMBEE.

101 HT tank -+we supply to metering

102 HT tank +ve supply to metering

1673 ¥—rav tube filawent tracsformer commen

104 ¥-ray tube filament transformer supply - bruoad fotus

105 X-ray tube flilament tramsformer supply - fine [ocus

106 Supply for tfube 1 UT changeocver circult

107 Supply for tube 2 HT changeover eircuic

108 Supply for tube 3 HT changeover circuit

109 Supply for tube & HT changeover circult

1o From tube 2 thermal Interlock switch Verifies position
111 From tube 2 thermal interleock switch nf changeover
112 From tube 3 thermal interlock switeh | owiteh afrer

113 | From tube 4 thermal Inrerlock swirch ) remgte operatlion
iii ; } Main 24V de supply for HT changeover cirvcuit

116 Spare tetminal .

117 To tube 1 thermal Interlock switch Operates 5PL relay
118 To tube 2 thermal interlock switeh L if tube temperaturc
11% To tube 3 thermal interlock switeh i 1 nermal and correct
120 To tube 4 thermal interlock switch | tube is selected
121 Tube 1 commeon stator winding supply

122 Tube 1 capacitive stator winding supply

123 Tube 1 main stator winding supply

124 Tube Z common stator winding supply

125 Tube 2 capacitive stator winding supply

126 Tube 2 main stater winding supply

127 Tube 3 common stator winding supply

128 Tube 3 capacitive stator winding supply

129 Tube 3 maln stater winding supply

130 Tube 4 common estator winding supply

131 Tube 4 capacltlve stator winding supply

132 Tube 4 main stator winding szupply

133 OV Bucky 1 start

134 OV Bucky 2 start

135 OV Bucky 3 start

136 O¥ Bucky 4 start

137 OV Bucky 5 start

138 OF¥ Bucky 6 start

izg } Expose ready — spare H/0 contact

P

1&3% 220¥ ac supply for ancillaries

144 [ 220V J

145 Spare terminal

(2450/2/ 04863 19



TERMINAL
HUMBER

146
147
148

149
150
151
152
153
154
155
156 |
157 dlL
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179 [
180
181
187
183
184
185
186
187
188
189 }
190
191
192
193
194

20

TERMINAL DESTCNATTION

Bucky feedback cowmon

+24¥ technlque
+247 technique
+24V technique
+24V tachnigue
+24Y technique
+24V technigue
+24V enable to external exposure interlocks

L= B~ P

Fluoroscopy extornal footswitceh

Bemote radiography preparation command

Bemote radlopraphy expose command

Preparation enable circult

oyt ot Anode speed
Kormally closed {150Hz) contact L sglaction -
Normally open {30Hz) contact J elreuit
Automatic exposure device cireult common for &V compensatlon
+ 15¥ de

Minimum supply (from F2) external flucroscopic
Maximum supply (from FA) LV wvariac conmect{ions
Slider Internal fluorcscopy kV varlac connectlon
Slider external fluoroscopy kV variac conmection
Internal wA drive contrel input

Internal mA drive control outpur

ODutput from external fluoroscopy mA drive

H3 safety Interloek

+ 24¥ enable frow externzl exposure interlacks
Phote time in eilrcuit
Photo time stop signal (stop exposure)

Automatis exposure device circult contacts {kV compensation)

Spare terminal

Spare technique switch common 1n

Spare technique switch out for Bucky 1
Spare technigque awlteh out for Bucky 2
Spare technique switch out for Bucky 3 signal
Spare technique switch out for Bucky 4 | contacts
Spare technique switeh out for Bucky 5 |

Spare technique switch out for Bucky 6 J
Spare X-ray radiography contact {RTE-3}

Spare terminal

Common sparve flusroscopy contace

Hormal eclosed spare fluoroscopy contact
Normally open spare fluoroscopy centact
Spare terminal

(2450/2/0486)



TERM INAL
HIMBER

195 }
196
137 }
198
199
200 }
201

202
203

204 +}
a0ns -
4.8

Interfacing

( 2450/ 3/0888)

TERMINAL DESIGHATION

Spare N/0 radiography preparation contact
Normally epen spare fluoroscopy comtact

Normally open spare flucroscopy contact

Common stator winding supply for 150Nz starter
Capacitive stator winding supply for 150Hz starter
Main stator winding supply for 150Hz starter

mA meter (must be normally short circuited)

Commemy Interface Comnectlons

commections are detailed in Appendix 1.
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o Turn the line cowpensater switch on the left—hand =lde of the
Console until 220V is indicated on cthe test meter,

0 Check cthat the pointer of the mA meter Is coincident with Lhe red
datum mark, Adjust R17 {see Fig.5), if necessary, to achleve
this.

K Switch |OFFjthe R300,

b Disconnect the kest voltmeter.

S.4 Setting up the Tuhe Overload Clreuits

A Threo types of X-ray tube can be deployed to make up the eotal
complement of 4 tubes.

NOTE n delivery, the kW/Time Overload pcoh (see Fige HB) is =seb up as
decailed below:

Tuhe Tube | Tube Focal Rotor | Maximum |Auxiliary Device

Humber |Type | Identification Size, Nrive | Yoltage | (Working Station

mm He, kV
1 X Dynamax H0=-b69 n,e6, 1.3 50 125 T
2 X Dynamax 50-69 | O.6, 1,3 5 125 LL, 116, I¥
3 b Dynamax HD 40 1~ 2 50 125 v
4 Z Dvnamax HD iy, 8 a0 A VI
4 M

9 Un the kW/Time Overload pch, the three types of {ube are rveferrved
to a5 X, ¥ and 7.

C The tube selector switch musit be programmed for the tube
combination deploved. This is achieved by re—arranging the links
on the kW/Time Owerload pcb. Fig. 8 shows links A arranged for an
applicatien where tubes 1 and 2 are type X, tube 3 Is type Y and
tube 4 is type Z, threce types of tube being used. Link B is
ghown arranged such that only tubes 1 and 2 are operated at high
speed.

NOTE Techonique & (tube 4) is execlusively reserved for mammography.

[f rhis facility is installed, the kW/Time Owverload pch will have
been prewired to accommolate the ratings of a Dynamax HD 40 MO
0.8 mn tube with paralleled-fllament.
D {n delivery the tube focus combination is as follows i—
FINE FOCUS 0, 100 & 200wmh
BROAD FOCUS 300, 400 & 500mA
Thesc can be rcarranged to suit individual tube requirements by
following the example shown in Fig 10 page 23,
24 (2450/2/785)
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E Ensure that the maia supply to the R3O0 is|0OFF.

F Remove the front panel of the Console.

F Remove comnectors El, HE2 and FE3 frow the ®iW/Time Overload peb and
plug them into the corresponding commectors on the test hoard (see
Fig. 9).

5.4.1 Preliminary Work for Tube Type X

A Turn potentiometers PL9 to P24 on the kV Adjust peb (sec Fig, 10D
fully counter-clockwlse.

i Un the test board link ceemlaal ¥ in the GROUP CHUICLE tocation Lo
the tube number{s) to be displayed with Group X.

C switch |ON] the R500. .

i) Rotate the control panel switch to szlect an auxiliary device

associated with tube type X,

E If any of the auxiliary devices asscciated with the tuhe type K 15
fitted with a high-speed facility, link tube type K to IS at Lhe
T HS CHOLCE location on the test board. 7Then cacry out the HS
procedures detalled in para. 50402, 50403 and 5.4.4.

K If there are oo high-speed facilitics associated with tube type X
proceed to para. 5.4.3.

NOTE A tolerance of + 2 positions of Lhe time—setting control is
sllowable on all the time settlngs given In the folloewlng
procedures. The time settings available by adjustment of the Cime
control switch arte shown on Fig. Ll.

5.4.2 Setting up Tube Type X Fine-Focus, High—S5peed Overload
Parameters

A Fine focus 1s automatically selected when one of the 3, 100 or
200 mA values is selected. The following details the secting-up
procedures for the fine forus sottings,

B 30 ma Setting
1 Swil:chthe BR300 and select tube £ and 50 md.

i1 Connect a [0V d,c. woltmeter across capacitor C23 on the kV
Adjust pch 4037, Eotate the radiography kV controls until
the woltmeter indicates 7.5 ¥, Check thar the indication aon
the k¥ readour is 1%} + 2 kV, If necessary, adjusc P25 on
pch 4037 to give that indication. TPisconnect the voltmetor.

NOTE On earlicr models, check the number on k¥ Adjust POB, If it is type
3501 the above 025 should read Cl4. For location refler to drawing
No 3504 in Appendix Z.

(2450/2/755) 27
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TUBE FOCUS COMBINATION — EXAMPLE (See drawing Mo 3760)

TUBE 1 FINE
TUBE X FINE

TUBRE 3 FINE

50 and 100mA ONLY
53, 100, 200 & 300ms OKLY

50, 100 & 200mA ONLY

(A) (B) D ®

50 100 200 320 400
Wl JaF,
(D
B
O ¥ Fa Dn:' O
[DJID:D]ID e L DER 5
Oa0onacang )
T | 1 | ]
e 9l g g B
FI-.IJDHD mu:na % E E g
—
] | > Jo ) I
= =
G | o n
0 BN
. E5 s
é G mh WA LUE
X Erg]o
| =l B Bl Bl
© B e 3 ©

FIG 10. k¥ ADJUST PCB
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Ascertain from the rating tahle supplied with tube Lype X
the tube restrictlon at 5tmt. (Fig. 114 is for a Dvnamax
Juper 90-64 E-ray tube at high spoed, 150 Hz, and fine
focus, 0.6 mm, apd it Is used as an example to illustrate
the sctting up proceduresd.’ There i% no tube restriction
in this case because 50 mA exposures arc permitted withiu
the full range of the 55 timer switch. The RMI0 generator
ratings must limic the voltage to 125 kV (see Fig, 12):

ma Selectad B300 Series 2 maximdm allowabhle

voltage, kV

30 12%
100} N 125
200 125
EDLY ris
40H) 123
540 100

1]

vi

vii

viii

iz

[2450/1/385)

Select ) mA.

n the test board, Link the following terminals:
TXA and 0.01s (the lowest time setting)

KXA and 125 k¥

VXA and 125 kV

Turn the radiography kV coontrols until the OVERLOAD lamp
11luminates. Check that the indicatien on the kV rcadout i
125 + 2 v, If ir i=s not, move the ends of the KXA and ¥Xa
links atctached to the 125 kV terminal to a higher voltage
terminal (1f the OVERLGAD lamp illuminated at less than

I25 k¥VY or to a lower voltage terminal (if the OVERLOAD

lamp iflluminated at more than 125 kV},

Advance the time control to ifs maximom setting and check
that che operation of the OVERLOAD lamp at 125 kV is not
affected,

Mark the actual link posltions on a copy of the matrix
diagram for the overload beard, e.g., if TXA link 15 at
0.00ls, mark the polnt where the lines THA and .01 intersect.
If the KX¥A and VX4 links ate at 125 kY, mark the points
where the KXA and 125, and the VXA and 125 lines mect.
These are the points marked & on Fig. 8.

Remove the kinks fitted at step 5.4.2 B v.

29



C 100 ma Setring.

Ascoartain Etom Lthe rating Lahle, (Fig.tlA)l, the tube
rescriction at 100 mad: Tt is possible to use the tuhe at
125 kV up to 55, so the time and voltage settings should be
the samc as for the 3 mhA setting.

il Select 100 mi.
ili dn the test board, liak the following terwminals:
TXB and 0.01s
K¥B and L2% kV
YEB and L2 kV
iv Ecpeat sreps B wi and vii for the 50 mA setting procedure.

W Mark Lhe actual link position on the matrix diagram, The
link positions are macked with a B on Fig. 8 assuming bhat
the TEE link was at (b.0ls and the KXE and VXB lioks were both
at 12% wV.

vi Ecmowve the links Fitted ar step 5.4.2 O iii.
13 200 ma Seiting,

i Agsecertain from the ratlng table (Fig. LAY Lhe tube
Testriction ac 200 mA. This time, 1t 1s only possible to
take 12% k¥ exposures up to 0.6 but pnor .#s which means
that it will also be necessary to cstablish the maxiuum
permitted kV at 5. lrom Fig.l1A 70 kV is permitted hut nol
BO kY, The maximum permitced time for an 80 kV expusure Ls
therefore 43 and not 5s.

ii Select 200 mh.
144 Un the test bpard, link the following termlnals:
TEC and 0, 8s
KXC and 129 kV
VEC and B0 LV
iv  Set the radiography kV econtrols to give a readout ol 80

A0

kV.

{2450/1/385)



Bxposure Time, s
k¥p
0.01 | 0027 0.058] 0,1 0,210.5 1 2 3 1 20 S0 | 100
Maxitmim Current, ma
!
50| 392 342 342 392 | 392 | 392 392 § 392 | 0| 231 | 167 100 fi
60| 471 471 471 471 | 471 | 456 |402 | 341 | 254} 193 | 134 B4 50
70 | 4BO 477 468 456 | 435 [ 390 | 345 [ 292 | 218 ] 165 | 115 iz 43
&0 | 420 417 4140 BY9 | ABO P 342 (302 255 [ 191 ] 144 | 104 Al 38
9 | 374 371 ind 354 | 338§ 304 | 268 | 227 [ 169 | 125 43 56 33
1001 336 334 328 310 | 304 273 1241 | 204 (153 ] 116 83 50 30
LI | 306 304 293 290 | 277 L 248 (220 ) 186 139 ] 1059 76 46 27
125 ] 2n9 267 262 295 | 249 7 2E9 (193 | 163 12 Yz o7 &0 24
150 | 224 223 219 213 | 203 | 182 |161 | 13a f102 77 56 33 20
A4 FINE FOCUS (0.6 mm)
Exposure Time, s
kvp
.0l Q.02 ©.05) O.Llt 0.2 0.5 1 2 5 L 20 50 1100
Maximom Current, ma
90 | 750 50 750 a0 750 7500 F50 | FE0 [ 993 | G1Z | 273 | 120 60
R0 | 924 Yyl 424 24| 924 | 924 224 | 739 | 494 | 343 | 228 {100 50
FO(L098 | 1098 | LO9E (1098|1098 [ 979 BO9 | &34 | 423 | 204 | 195 Ll 47
B0 1204 [119% jLL54 |1101 11017 836 JOB [ 954 | 370 1 258 171 75 34
QO L0¥G (1058 | L1026 Y79 G4 Fal] 629 | 493 | 329 | 2291 132 07 kN
LiWd | 463 451 923 81| 814 | 685 566 | 444 | 296 1 206 | 137 B0 In
L1G | 876 AR B3y B T4 6231 515 | A3 | 269§ 1BT | 124 53 2
125§ 771 762 738 TO0%] 651 548§ 45% ] 355 | 237 § 163 | 109 &8 24
150 | 642 635 615 587 | 543 457 | 7B | 296 | 198 | 157 9% Gl 20
B BRCAD FOCUS 1.3 mm)
NOTE These ratings are for a Dynamax Super 50-69 tube with a
single-phase supply.
FIG.11 X-PBAY TUBE RATINGS — HIGH SPEED {(15) Hz)
(245071 /385) A
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v  Advance the time coatrol to 4s (the next lowoest time setting
to 55) and check that the OVERLGAD lamp is extinguished.
Select 5s and check that the OVERLUAD lamp illuminates. Lf
it does pot, move the VO link te progressively lower vaoltago
terminals {75k¥, TOkV, ete.} uncil the OVERLOAD lamp
illuminares when the time setting is 3s,

vi Set the radiography kV controlszs Lo glive a rteadout of 125kV.

vil Advance the time control and check that the OVHELZAD lamp
illuminates at .83, Tf it doesa not, mowve the KXC Iink Lo
nrogressively lower voltage terminals until it does. If the
OVERLOAD lamp I1lluminates al a time settiog less than O.6s
move the KXC link to progressively higher wvoltape Lerminals
until the Tamp i1lluminates at the .85 setting.

viii [Repeat gteps D iv and v to check chat the OVERLOAD lamp
illuminates at the setting combination of S0kV and 5s. Tf
re—adjustment of the VIO link is necessary, then steps D wi
and vil will have to be repeated until the sectings arce
correct at both 125kV and BOKY,

ix Mow check the settings at aill other intermcdiate voltagos.
For example, at LlOkV check that the OVERLDAT lamp
illuminates at & iime setting of l.6s, 1If the tracking is
poor arcund the hizh kV/short time zone on the tube rating
chart, readjust matrix KXC. TIf the tracking is poor arcund
the low kV/long time =zome on the tube rating chart, readjust
macrix VXC.

If there is =till room for improvement in overload tracking
around the high k¥V/short time zone, readjust matrix TrC
followed by readjustment of matrix VXS £o achieve an owverall
compromnise.

NOTE Adjustment of the time link on the test bnard has a greater
elfect at high veltages than it does at low ones. The time link is
moved ia the same direction as the required time change, i.e., LE
the OVERLOAD lamp comes on at too high a time setting, the time
link must he moved to a lower time walue,

®i  Mark the actnal link positions om the matrix diagram as
before,

21l ERemove the links fitred at step 5.4.2 D iii.

5,4.3 Setring up Tube Type X Broad-Facus, High-Speed Overload
Parameters

A Broad focus 1s automatically selected when one of the 300, 400 ar
300mA pushbuttons is pressed.

(2450/1/385) iz
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34

Figure 11 is the rating chart for the Dynamax Saper 30-69 at high
speed, 150Hz, and broad focus, l.3mm. From this Lt can be seen
Lhat the time ewposure blockages for 125 kV are 33 and l.6fs for the
00 and A00pA setkings, respectively.

Ihe procedures for serting np the broad focus, high speed overload
circuits are as detailed in para. 3.4.2 tor the fine focus, high
sprood ones.  However, it must be noted that at 300 mi the tube
rating can exceed the 37.5 kW rating of the R300 Series 2,

Luder these circumstances, the overload clirenit must be adapted En
reslrict expogsures to 100 k¥ max at 300 mA.

This means that at 300 mé the overload circult musc bhe wade to
Inllaw the Eube rvating curve from 100 k¥ and not 123 k¥. The KXF
and TXF faps wust therefore be set by trial aud error to hlock
Ll kY cxposures on Cime switch settings below 1.6s,

Fxamples of fipal tapping points for a DE30-69 l.dmn H.5, Tohe wure
shown below:

300 mA KXD L35 kv
T¥D 2 s
YEI Bl kY

400 mi4  KXE L4 kv
TXE l.2s
ViE Bl kv

00 ma  KXF 110 kW
TEF 1.28
VEF 43 kY

Setting up Tube Type X Low Speed Uverlsad Parameters

Having set up the high speed overload parameters as detalled in
para. 5.4.2 and 5.4.3, it Is new necessary to set up the Jaow speed
averload parameters for each mi value tor amy Cube which has an
associatad high-speed facilicy. This ensures that tubes will only
pe switched to the high-speed mode of control when the normal spoed
averload ratings arp ewceeded.

Eefer to the Lube rating charcvs for low speed use, and adjust the
potontiometer on the kV Adjust peh 4037 (see Fig, 100 assoclated
wlith each mA listed below clockwize until the HIGUH SPEED Lamp
illuminates at or before the overload point calculated on every k¥
rACing curve.

(2450/1/385)



ma Fatontiomator
Selected on poh 4037

h0 P19

100 P20

2000 B2l

300 P22

400 P23
S0 P24

c Proceed to para. 3.4.6 for setting up the overload parameters for

any other type of tube used. 1If only one type of tube is used,
praceed to para. b7,

3.4,5 Tube Type X Without hssuciated High—S8peed Faeility

A Carry out the procedures detalled 1o parz. 3.4.1, 9.4.2 and 5.4.3
for tube type XK. To this case, the Lube restrictions will be
ascercained from the Iow-speed rating tables given in Fig. 13
instead of the high-speed rating tahles given in Fig. L1,

i Proceed to para. 5.4.6 for setting up the overload parameters lor

any other type of tube used, L[f only one tvpe of tube is used,
proceed to para. T.4.7.

S.4a6% Serting up Tubes Type Y and Z

A The procedures fer setting wp the overload paramecers for tube
type Y are identical to those already detailed for fube type X in
para. 3.4.1 to S.4.9.

B The procedure for setting up the overleoad circuilts for tube Lype ¥
if this is a Dynamax HD 40 M0 ,8nm tube is5 as follows:

Exposure Time, s

kvVp .1 | 0.2 |0,5 1 2 3 4 5

Maximum Current, mi

25 250 250 | 230 250 250 | 248 (232 1 2lp
30 300 300 ) 293 260 | 226 | 205 (193 180
401 280 255 1220 195 170 11535 (145 135

SINGLE EXPOSORE EATINGS FOR HD 40 TURE (1 ph, 50 Hz)

i On the test board link terminal Z to terwinal 4 at che GROUF
CHOICHE location, and connect the other links as follows:

{2450/1/385) 13



50 mA  TZA O.0ls }

KZAa 10 k¥ PEEMANFRTLY BLOCKEL
VZa 10 k¥
100 ma  TZB 0.71s
KZB 40 KV
VLD 400 RV
200 mé TZC G.d4 5
¥ZC 43 &V
TFAY 20 kV
30 mA TZD .1bs
KZL - 30 kv
VN 20 kv
400 ma TZE 0,01ls
KZE 10 kV } PEEMANENTLY BELOCKED
YZE L0 iy
200 ma T&E J.01s
¥IF 10 kv } FERMANENTLY BLOCKED
'rag 10 Wi

ii Switch the R500) and check all the overload peints as given
in the cable above "Single Fxposure Batings for HD4} Tube
flph, 30 Hz)".

If the tracking i3 poor around the high kV/short tilme zone on
the tube rating chart, Teadjust the matrix kZ. If the
tracking fs poor areand the low kV/long time zone, readjust
the matrix VZ.

If there is stlll room for improvement in eoverload tracking
around the high kV/short time zZone, readjust matrixz T2
followed by readjustment of matrix VZ to obtain an overall
compromise.

C When the overload parameters for all che tube types have been
set up, proceed to para. 5.4.7.

5,4,7 Programming the Overload Board

M Wich the Overload Board removed from the R500, discomnect aay
links from the time and volrcage matrixes that have not been
marked on Fig. & during the overload clreult setting procedures.
Solder in the remaining links as marked on Fig. 8.

CAUTION =nsure that matrix lines are not bridged during the
| aoldering process.

E Solder in the links A and B as appropriate (see Fig., 8 amd para.
5.4 C, for tube programming and high speed progranming).

36 (2450/1/385)



Exposure Time, &
kVp
Gu.01 | 0.02F 0,05 0.1 | 0.2 ] 0.5 1 Z 5 10y 20 | 5¢ | lod
Maximum Carrent, ma

301 341 1 389 385 [ 377 | 357 | 332 288 241 193 ) 148 | 93 | a0

o 1326 | 326 | 324 | 320 | 314 | 247 | 277 | 248 | 201 (161 | 122 | T7 30

0279 | 279 278 275 | 269 | 255 1237 1213 |172 | 138 | 104 j A6 | 43
B0 244 | 264 | 243 | 240 | 235 | 223 | 208 | 186 (150 [ 120 | 91 58 | 38
G0 1217 2Ly 216 | 214 | 209 | 198 | 185 | 163 [ 134 | 107 | 81 51 i3
100 1196 196 194 [ 192 | LBE {178 166 | 142 [120 § %6 | 72 | 46 30
L1o | 178 178 177 175 j 171 | 162 (151 | 135 (109 | 88 | &6 | 42 1 17
125 | 156 156 156 154 150 | 143 | 133 | 119 § 96 ) 77 | 4B 37 | 24
Ly | 130 | 130 130 128 | 126 ¢ 119 | 111 9% { a0 béd | 4% | 31 20

s FIKE FOCUS (0,6 mm)
Exposure Time, s
kY
(oL | Qu02 | Q,05] 0.1 | 0,2 0.5 1 2 5 10| 20| 50 |160
Maximum Current, mA

30 |75 [ 750 [ 750 | 750 | 7RO FR0 (750 jFIL | 513 373 | 256 | 120 | &0

A0 D24 | 924 | 924 | 907 1874 | 796 [706 |592 1428 311 | 213 | 100 50

70 1801 801 793 777 | 749 | 683 |805 | 508 | 366 | 267 | 1B | X6 | 43

a0 1701 ol 693 | 6B 656 | 597 |529 14544 (321 1233 (160 ) 73 | 38

90 | 623 1 623 | 6l6 | 604 | 583 | 531 |471 | 395 | 285 | 207 | 142 a7 i3
o0 | 561 561 555 | 544 | 524 | 478 (424 | 355 | 257 | 187 j 128 | &0 | 30
LEQ [510 | 530 | 504 | 4495 | 477 | 434 {385 | 323 | 233 1170 | L1& 25 27
125 | 449 | 449 | 444 | 435 | 420 | 382 (339 | 284 | 205 [ 149 [ 102 | 48 ; 24
150 1374 | 374 370 | 363 1 3507 319 |282 |237 | 171 | 124 | 85 ] 40 [ 20

B BROAD FOCUS (1.3 mm)
NOTE These rarings are for a Dynamaz Super 30-69 tube with a
aingle-phase supply.
FIG.13 X-RAY TUBE RATINGS — LOW SPEED (30 Hz)
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3.5

5.5.1

kV Meter Calibration to HT Primary Voltage

Fluoroscopy

Connect a 300 a.-., f.8.d., test meter acrass fuse LU (zee Fig. 7)
and terminal 168 {on the terminal strips at the left-hand side of
rhe Console).

Temporacrlily link terminals 155 and 1596.

Switeh [ON] the RSO,

Press the fluoroscopy pushbutton and sct the flunroscopy kV control
(see Fig, 1) to give the followlng readings on the test metfer:

Test Moter Beading, V kV Merer Reading
111 50
167 75
223 i

5.5,2

18

Li the tezt meter reading at 50 kY differs by more than 1% from
171 ¥, or che one at 100 kV by more than 2% from 223, adjust the
fluore kY control to give the correct reading on the test meter and
then adjust potentiometer P26 on the kY adjust peb {see Fig.ll) to
ohtain the asscciated %V meter reading on the comsole display.

Remove the link fitted at B.
Radiagraphy

Connect a 1000¥ a.c., f.3.d. meter across fuses 11 and 12 on the
Console.

Ensurc that potentiometers PF7, P9, PL1, P13, P15 and Fl7¥ on the kV.
Adjust peb 4037 are all curned to their extreme counter-clockwise
positions.

Switt_'_hthe B500 and check the HT primaty voltages for each mh

and k¥ indicacted in the Table below. (It does not matber which tube
is gelerted).

{2450/1/385)



k¥
mh a0 73 100 125
HY Primary Voltage, V¥
30 111 la 210 260
1an 116 leg 217 26/
200 136 185 232 280
300 158 2013 244 294
400 196 233 276 F2
5040 218 266 A3 380

5.6 Adjustment of Tube ma

(2450/2/0486)

Comnect the primary of the HT Transformer.

Ly 1f the voltages at 30 kV are not within 2% adjust the appropriate
mA compensaltion poteatiometer on the kV Adjust peb 4037 (see
Fig,10).

~
S0ma [/ SOV Pl 1f THERE I5
100ms F 50kY P2 | INSUFFICLENT ADJLUST-
Z00ma [ SORY F3 MEAT TH ANY OF THESE
300ma [/ S0V P4 [ POTENTLOMETERS, MAKF
400ms4 [ 0KV EB5 FUOTHEE ARJUSTMENT WITH
500ma [/ S0V P6 P2a.,

K 1f the voltages at 125 k¥ are oot within 1% adjust the appropriate
m4 compensation potentiomecer on the k¥ Adjust pch 4037:

S0ma [/ 125KV TR IF THERE TS
100ma [/ 125kV PLO] INSUOFFICTERT ADJUST-
200ma / 125V PIZL MENT IN ANY OF THEGLE
300mA f 125k TPlé4{ POTENTIOMETERS, MAKE
400mA / 125kV  Pi6| FURTHER ADJISTMENT
00mA / 123k¥ P18 WITH P27.
-
poTE Uf a particular m4 potenticmeter, e.g. the 50kV one, has

to be adjusted the associated 125kV potentiometer must also

be readjusted because they are Intervactive.

F Repeat steps D and E until the 125k¥ and 30kV wvalues are correct.
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To gereen [rom the Console on all tubes, temporarily coanect a suitablae
switch (to be used as the "Fluoro test switch™} across terminals 156
and 157 on the Console and link terminals 156 and 155,

To set up the undertable tube mAs output from the Console, connect a
temporary link across terminals 155 and 160 con JB4 and use the
Prep/Expose switch on the control facfa. A Buecky link must alse be
connected across terminals 133 and 147.

Broad Focus Pre-Heat Adjusiment for All Tubes

IHsconnect the bread and fime tube filament supply wires ac terminals
104 and 105 on the HT transformer.

Switch PN the R500 Series 2.
Salert tube 1 {undertable).

Press the fluoroscopy k¥ pushbutton and set the Elurerscopy &V control
te indicate 70XV on the meter. -

Press the fluoro test switeh and record the reading on the mA meter.
This will be wvery swall because 1t will only be recording the HT
secondary capacitive current.

Relcase the fluoro test awitch.

Switch E:a the R500 Series 2.

Reconnect the broad focus wire to terminal 104 on the ET transformer.
Switch PH] the R500 Series 2.

Press the fiuoro kest awitch.

Kot the tube emission on the mA meter. This must be 0.1lmA In excess
of the reading recorded in paragraph 5.6.1 E.

If the pre-heat emission is incorrect, adjust the tapping band omn
resistor R15 (see Figure 53 until C0.lmA 1s added to rthe capecitive
current recorded in paragraph 5.6.1 E.

W;A RNING suITCH OFF THE R500 Series 2 WHEN ADJUSTING R15

(2450/2/0486)



Sa6.2

Flroro mA Adjustment

Check that che w00 ig|OFF.

Feconnect the fine forus wire to terminal §05 on the NT
Transformer,

Switchl W the RS0,

Select tuba 1.
Press the fluoro rest switeh and select 70%V.

Increase the Flusro mA. With the Fluoro mA control turned fully
clockwise, the mA meter should indicate net more that 5ma,

If necessary, adjust the tapping band corresponding to tube 1 on
resistance R13 (see Fig 5) until this value is obtained.

WARNING SWITCR OFF THE K500 WHEN ADJUSTING Rlj.
L

54643
A

B

5.6.4

Fine Focus Pre-heat Adjustmente for Remaining Tubes

Switch| U¥ |the R300.

Select the fube Lo be adjusted.
Press the fluoro test switeh and select 70kV,

Increase the Fluore mA, With the Fluoro mi conktrel rotated fully
clockwise, the mé meter shonld indicate not more than 5mA.

if necessary, adjust the Rl3 rapping band corresponding to the tube
undergoing adjustment for SmA maximum cmission.

Fluorc mA Capacity Compensation

Switch| OV |the BR300,

Select Tube 1,

Switc‘h.the flunro test switech and select 10OV and Swmd on the
Fliore Contrals.

Adjust R26 (see Fig.53) until the mA meter reading begins to
decrease,

Continued adjuatment in the same directicon will cause the ma to
decrease furcher until A point is reached when it will begin to
Tise again,

The correct adjustment 1s the minimum mA which can be ohtained on
the nd meter,

Remove the fluoro test switch and the link aeross terminmals 155 and
156,

(2450/2/0486) 41



3.6,5

Radiggraphy Exposure Timer Check

A Bead para. 5.6 {exposure llnks {or techaique 1).

t O che Timer peb {see Fig. 73, connect the signal lead of a DMAL
storage CRO or equivalent te the 6 pin Ansley edge connector Al at
pin & funcccupicd outlet) and clip the carth lead to chassis
ground.

C Check that the colouted cursors on the md adjnstment theostats R0
and K11 (see Fig.3} are at Lhe bottom of their trawvel.

B Switch JOR} the R500 and select 50kv, S0md and D.01 seconds.

E Take a radicpgraphy exposure and check the trace as indicated on the
CRO.  This should bhave an amplitude of 15¥ and .a width of 10 ws.

F Advance the Timer switeh to U.] seconds and bake another exposute.
The CURD btrace this tlme should measure 100 ms oo the time base.

N Advance the Timer switch to 1 second and take ancother oxposure,
The CRD trace this time should measure | sec on the time hase.

H If the Timer Is insccurate, refer Lo Che getting-up procedure
contalned In the relevant service manual.

3.b0,6 HRadicography mA Adjusiments, non Manmo

A The tube filament drive adjusting resistors ave shown in Fig. 5.
R1} is used {or tuhes 1 and 2
RL1l k=2 used for tubes 3 and &

Eaclhh has two sets of =liding cursers whlch are colour-coded for
tube identification and also letter—coded for md ldentification
as in the table below:
WHEITE RN ¥ HLLOW GREEN
4 TUBE 1L TUEE 2 TUBE 3 TUBE 4
50ma S0ma F0mA ki
B TUBE 1 TURE 2 TUEE 3 TIRE 4
100maA 100mA 100ma L00mA
2 TUBE 1 TUBE 2 TUBE 3 TUBE 4
200mA 200méi 200ma 200ma,
¥ TUBKE 1 TUBE 2 TUEBL 3 TUEE &
300ma 300ma 300ma 300ma
£ TUBE 1L TUWE 2 TURL 3 TULE 4
A00mA A400mA 400ma Na
¢ TURE 1 TURE i TUBE 3 TUBE 4
S00mA 500md S500ma NA
42 (2450/1/383)
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B Conmect an mas meter to the external mas meter Tink and adjust
all the tube mA walues at 75kV by the sliding cursors tabnlaced
abave.

€ Lf there is insufficient adjustment to set up the high mi values,
refurn all slidimg cursors to the bottom of theie travel, Mowe
the blue wander lead tap on TRLO {(the stabilised filament drive
transformer, see Fig.®) te the next highest voltage for finae
focus. HMove the orange wander lead tap to the nexi highest
valtage for breoad focus.

) Adjust all the tuhe mA values at 75V by the sliding cursors
tabulated abowve.

2.6.7 Bpace Charge Compensation

A Take a series of radicgraphic cxposurcs at different kv settings on
every position of the mA switch as tabulated below:
mA SELECTLAD k¥ SETTINGS
50 a0 73 130 Lz
10 1) 73 10e 121)
200 a0 75 l1an L2t
30 30 75 100 120
400 30 75 110 L5
300 58 75 a0 140
B Compare the mAs meter readings ohtained within the kV range

specified for egach setring of cthe md switch.
The owverall wariation should not exceed 5% of the nominal walue
measured at Y5kV, e.g., for a nominal value of 20mAs a change of

Zmhs 1s permissible within the kV range specifiad.

[ Adiustment facllitles are available on the secondary of the space
charge compensation transformer TR? (sce Fig. 7).

(24301/383) 43



5.6.8

44

T WANDER 1RAD CORRFSPONDING mé
" IDENT COLOUR.
YT WHITE 50

8 RED 100

C YELLOW 200

D CREEN 300

E BLUE 400

F BILACK 500

There are gix wander lead taps ldented sz follows:

If the indicated mAd goea higher when the W 1s 1Ineressed, pove the
wander lead correspomding to the mA selected to a higher tap number and
vice versa.

If 211 tubes are of the same type, the space chatrge cowpensation for
one should be adequate for the others.

In an inetallarion with wvery differemt foct, such as 0.3 and lmm and 1
and Zmm, not all the foet ecan ba compensated within 5%. A compromise
will have to be mads,

Manmography mA Adjus tments — Simultanecus Emisnion of beth Tube
Fllaments (Parallel Operation)

The tube filament drive adjusting resistors are shown in Figure 5.

R27 18 used for adjusting the small focus.
Fil 1a used for adlusting the large focus.

Each has a set of three allding curaors which are letter-coded for ma
identi fication as in the table below:

R27 SMALL R11 LARGE
B 100 mA 100 nma
c 200 mA 200 ma
D 300 ma 300 ma

NOTE After calibration, each foecus will deliver thalf the
indicated mA.

Connect z 100 volt fsd meter acrcss terminals 104 and 105 oo the HT
tank. The object ia to obtain meter readiogs a8 close to zero as
possible during setting up. In this way both fllaments will be
bzlanced and thue capable of equal emisaion.

Switch ON and select 35 k¥ and Technique 6.
Take a ageries of radiographic exposures at 20 mAs etarting at 100 ma,

Adjust each theostat E27 smd BRll in turn to obtain the selected més on
the mAs meter.

{2450/2/0888)



5.7

3.7.1

3.7.2

During final adjustment of cach m4 wvalue closely shserve the teat yolt
meter during preparatiem, and fine twme R27 and R11 for minimum
Teadlngs colncident with 20 mAs output during exposures.

FINAL CATLTBEATION OF k¥ METER TO LINE RESISTANCE

It is strongly recommended that an approved kV measuring device is used
for these rFests, such as a Voltiz Shock Proof High Voltage Weasuring
Prohe with suitable (RO, or a Winacongin Penatrometer Cassette. If
these are available, proceed as detailed in METHOD 1 (see paragraph
5.7.1).

If an approved kV measuring device 1s not avallable, proceed as
detailed in METHOD 2 (see paragraph 5.7.2}, but note that this is not
congidered acrurate, especlally on the 400 and 500 m& bands of the RS0
Series 2.

Mzthod 1, with k¥ Méasuring Device
Wirh the ma switch at 50 mA, set the k¥ meter tb indlecate 80 kV.

Take a sultable exposure and mnote the reading recorded on the kV
neasuring device.

If this differs from the kV display indication, take more exposures
with the k¥ coarse and fine controls reset accordingly umtit the k¥
measuring deviee records 80 kV peak.

Adjust potentiometer P7 on the kV Adjust pcb 4037 {gee Figure 107 until
the kV display indicates BD kv.

The kV display is now compensated to pre-select the actual kV which
will be generated ON LDAD,

Repeat rthils procedure for 100, 200, 300, 400 and 500 mA using
potentlometerg PR, P11, P13, P15 and P17 respectively on pcb 4037.

Method 2, Hithmt EY Meaauring Ilevice

——— e e i e e n -- 1

CAUTI'ON AVOID O‘UEHEATDIG X-RAY TIJBES BY KEEP]]IG Exmsunz TIMES A8 !

L SHORT AS POSSIBLE WHEN OBSERVING GR-LOAD k¥ METER REEADINGS.

With the mA switch at 50 ma, set the kV display to read 795 kV.

Press the radlography Prepare/Expose switch and note the kV display
Indication ON LOAD.

When the exposure is terminated, reesllbrate the k¥ display to indicate

the KV noted ON LOAD by adjusting potentiometer P7 on the kV Adjust pcb
4037 (see Figure 10).

The kV display is now compensated to pre-select the actual kV whlch
will be generated ON LOAT.
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Repeat the procedure for 100, 200 and 300 mA using potentiometers P9,
F1l and P13 respectively.

At 400 amd 500 wa it will be difficult to observe the ON 10AD kY
dlaplay readings because of the exposure time limitatioms. k¥
compensation will therefore have to be eatimated by multiplying the k¥
drop onoted at 100 m& by a Iactor of 4 and 2 respectively.

These correctlons can be applied by adjustment of potentiometer F15
(400 ma) and P17 {500 mA).

Fluoro k¥ with kV Meaguring Device

Take a fluoro exposure at 1 mA and adjust &KV controls to give a reading
of 100 kW om the kV measuring device.

If the fluoro kV display does not indicate 100 kV, adjust potentiometer
P26 on the k¥ Adjust pecd 4037 wmtil the fluoro LV display indicates
100 kv.

1
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6 COMMISSTONING THE CECOMAT 2

The following pages detail commissioning the R500 Scries 2
Generator with the Gecomat 2,

Retfer also to Gecomat 2 Instablation amd Service Manan] Mo 2244

{2450/1/385) i
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6.1

Gepetal
NOTE Vurtuer information is given in Inst. 2249 (Gecomat 27,

Tngeribe and dvill holes For the Gecomat Control Unit (see
Fig, 143,

If a bucky 1% to be used, the link between terminal 148 and the
relevant terminals 133 £2 137 on the BS00 control conscle (see
Fig.4) must be removed.

luterface the Gecomat 2 to the R500 fsee Fig.l5 and Fig 17}

NOTE The terminals 400 to 420 on the fromt left-hand side of
the B304 control console are oot used for this
Inrerfare.

Fit the new ldentification panel (supplied with the Gecomat)
(see Figold) into juncticon box 4.

MOTE Terminals T2 and P24 in the junction box are not used.
Mntomatic kV Compensatien Controls
Switch the K500 and the Gecomat.

Select 50KV,

Observe that borh relays K90 and K125 are closed on the ES(
relay pauel.,

Conkitm that relay K90 cpens when the kY contrels are advanced
fo select HOkV. Adjustment can be effected by potentiometer P31
an the kV Adjust pob (see Flg. 103,

Confirm that relay K90 ramains open and that relay K125 OpPETLE
when the kV conttnls are advanced to select 100kV,

Adjustment can be effected by potentiometer P30 on the kY add Juske
prh

Un hoard U6 {(sees Fig. 16} in the Gecomat Electronics Module
vheck that relays d60% and d6UB open at BOWY and 100KV,
respectively, and that they both stav open when the kV Is
advanced beyond 1KY to maximom.

Lf there is any discrepancy check the interface wiring,

(245070 13845 449



6.3

A

50

Film Denslty Calibration, Tube 1

Preliminaries.

i.

ii

iit

iv

vi

vil

This procedure iz 2 guide Eor setting up the Gecomat In
conjunction with cassettes Fltted with par secreens (medium
speed). Screen 2 1s therefore chosen for tchis
calibratieon.

Whan adjustments are completed the hase density jumpers on
board Us should he adjusted to give approx, —253% mis on
screen | and +25% nAs on screen 3.

if the X-ray department uses only {ast fungstate ar rare
earth screens, screen L must be used for calibration and +23%
mAs must be added between screen 1l and screen 2, and between
sereen 2 and sereen 3 after calibracion.

Ensure that sufficient phantom thickness 1s adapted to
produce awposures in excess of the minimum switeh time of the
gystem, mas checks will confirm this and the rule ir to add
more phantom 1f mas drops below 8 més.

If a densivtomater 15 not available, regard references to base
denaity 1 as a level of denslity where bold black print oo a
white background is just about legible when the exposed Tilm
is uzsed to mask the print in geood daylight.

Prepare board U6 for the chamber/screen/density combination,
For example, for a screening roow with chest bucky, start
with a jumper between screen 2, chamber 1 to density kap No
3, a jumper bhetween screen 2, chamber ? to density tap Ho.9
and a Jumper between screen 2, chamber 3 to densicy tap Yo
Qr

On board U7 jumper LINK 1 for aucematic selection of centre
cell when under table technique is selected.

Switch|ON |the RS00, seleckt tube I, 70k¥, 200m4 and | second.
Switch|ON |the Gecomat with centre cell and seresn 2.

0n the X-ray table, load a Full size cassetfe with no (llm
inside. Ensure that grid is IN, cone OUT, shutters tully
cpen and no phanteom in the exposure area.

Take an expogure and check that termination is Immediate with
a very amall walue of mAs indicated on the actual mAs
display.

1t the exposure runs nn £o 1 sccond, check the interface
wiriug, chamber wirlng and Geccocmat for faults,

Bepeat the above procedure for the avercahle and chest
chambers on each cell and ensutre that in each case the
avertable tube 1s ecarefully rconed over the cell which is
gelected. Other cells must be blanked off with lead.

(24507173835}
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a2

base Densicy Undertable Tube 1,

1

i1

iii

vii

Switch the R500, select tube 1, 60kV, 200mA and | second.
Also switch the Gocomat.

fky Lthe table, Insert a full size cassette Toaded with Tilm
and switch the grid TH and cone OUT.

In the exposure atca, place a phantom of approximately 10em
of hardbeard. [f hardbeard is not available, a suitable
phanton can be made out of a pile of books, a 3 galtan
rectangular plastic contalner filled with water or soft metal
blarks such as atuminium.

Cone the tnbe shutters down to the size nf the centre cell
and ensure Lhat screen 2 is seleclLed on the Cecomat and that
the density control is turned co zero.

Take an exposurc and note the mis readout after the exposure.
If [t is 1ess than 8 mhs more phantom thickness is required.

Develop the film and ascertaln whether it matches up to a
density of 1,

If the filwm i5 uwnder exposed, move the Jumper from chamber
b, soreen 2 to a higher density tap number. [f the £ilm is
over exposed, move this tap to a lower density Lap numhbor,

Take a series ol exposurcs adopting the ahove procedute
unctll a film density of 1 is aobtained.

kY Donsity Compensation Tube 1.

Ii

Change only the kV to 80kV and check that relay K90 in the
B500 opens.

Take an exposure and check the developed film for density
l.

If it has become lighter, turn BA23 in board U6 counter
clockwise. [f the €jlwm has gone datker turn RE23
clockwize. Using this procedure take a3 series of exposures
untfl film densiry 1 is obtained. Do uot forget to add
more phantom if actual wAs rcadout drops below 8 mas.

(2450717385}
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Pensicty Compensation Tube 1.

Change only the BV to HI0OkV and check that relay KL12% in the
B500 opans,

ii Take an exposure aad check the developed film for density L.
Cherk alse miAs for useful phantom thickness.
If che film has becume lighter, turn EAZ24 {in board Uk counter
clockwige. Tf the f1lm has pone darker turn BB24 clockwise,
Using this procedure take a serles of exposures until film
density | is obtained.

1id Repeat para. 9238, C and D untll the same film density is
obtained at #0kV, 80kV, and 100kY,

NOTE |t iz quite normal for films co becomd blacker betfween
Lhese steps cspecially when fastc screens are used.

[ Lone Density Compensacion for Serial Radiography TUBE |.

Un the hoard Ub, connect a jumper between scroen 2, chamher 1 (T
and the next lowest density tap vumber to the tap previonsly uscd
feor the base density,

This setting is generally acceptable in combating the effects of
dve or barium, but may have to be changed by ane more step pending
uder ceoament.

NOTE

ii

(2450/1/385)

The taps are not used for owvertable techmigueas,

Bcreen | oand Screen 3 Density Adjustments TUBE L

Gereen 1 should genevally give shortec exposures (Approx 254
less méAs).
Screen 3 should generally give longer exposures {(Approx 25%
moTe MmAS ).

The remaining jumpers on Beard Us for chamber 1 should
therefore be positinned as follows untll user prefecence is
ascertalned.

Screen 1 Twn density taps numerically DOWR from screen
2

Screen 1 {T) ‘lwn density taps numerically DOWN from screen
2 {T)

Soreen 3 Two density taps numerically BP from screen 2

Sceroen 3 (T)  Two density taps numetically UP from sereen 2

EN



Bt Film Density Calibration, Tube 2

& Ovoertable Bucky.

i1

NOTE

B Chesk

[

NOTE

[

On the board Us, rveposition the jumper connecting clamber
on scrieepn 2 matrix to the same denslty as tube 1.

Using this tap as a stacting point, procced En seb up Lhe
overtable bucky chamber uwsing the same procedure alrvaady
applied to the undertable tube (see para. B.3).

The table cenc switch taps T on each sereen matvix arce not
used and it iz alse nob necessary to check BORY and MKV
compensation agaln.

fucky

{n the board Ub, repositlon the remaining jumper to connect
chamber 3 on screen 2 matrix to the same donsity tap az the
overtable bucky.

Using this cap as a starcing point proceed to set up the
chest stand bucky chamber using the same procedures already
applied to undertable and nvertable buckies.

The table cone switch taps T on each screew matrix are not
used and it is also not necessary to chegk BOkY and HOOKY
compensation again.

Finally, iosert the jumpers for chambors 2 and 3 between screen 1

and 3 matrices to the density taps suggested in para. 6.3 F,

e.5.,

34

two down for screen 1 and twe up for screen 1.

(2450/1/385)
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R500 (Series 2) CONTROL CONSOLE

DENGTES NTERFACE WiRiNG bt lzow
----- DENATES EXISTING WIRING

R 500 [Seres 2} WALL BOX
¥ ] LUMDER
[y i iy

ELE I OYEAT
or——

i I CHEST
I
145 1 OTHFR
NOTE 1 In the Gecomat Control run in O new % | OTHER
wire from MO contact 7 ot RL1{3 and P E———
use G spare terminai 1o connect this PREP DELAT o —
wire to terminal 176 in the RSO0 S A __gite 1 exrot
via Ampiok cable C (brown wire}. : 193
N
NOTE 2 The blue and brown wires from m-z)
termingis 10 & 11 in Geco Contral ¥~

which run through cable A to the 52 0i . ARALLES

electromics unit myst be disconnected

and insulated with tope. 1
NGTE 3  In the Geco Control terminals 1¢ & 11 "'E:"-m sror o 1 oewrgs
must be umpered as shown in the il
wterface diagram. ! I FIRST
MOTE &4 Disconnect k¥ Cormp pushbuttons to s | secon

Geco Electronic Unil. |
6d ¥ L0

Pl
[Pttt ——
[

FiA
gz |

Do Mot WIRE
FOR RAGO-7

! PTA

pa |

[ A& ADDITIOMAL TERMMAL}
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GECOMAT 2 CONTROL
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7.2

7  FINAL TESTS AND HANDING OVER
Final Tesis
Remove all temporary coanecting links,
Chack all modes of control for cotrect functicning,

Take a stepwedge film for record purposes and recheck thab the
correct mAs is dindicated for cach exposurea.

Remove all test equipment, and ensure that any links removed fot
test purposes are refitted.

If exposure counters are fitted, record their readings.
Replace all Control Consnle, Wall Box and HT Transformer covers.
Handing Over

Demonstrate the equipment te the user and ensure that they Know
how to usg 1t.

Ensure that the user hasx a copy of the Operator's Manual INST.
2449,
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8 RELAY, CONTACTOR AND MICROSWITCE FUNCTIONS

g.1 Relays

ODESTGNATION

DRAWI NG BEFERENCE

FUNCT LU

M 24V coil

(T CHANGEOVER}

{Mounted on LT tank}

R 1

BM/ 2

37608 Fo

37608 E5fn

376008 Fb

Clnsad to rotate HT switch
cam platc cfclockw se
during tube selection.
Upen to rotate HT switeh
cam plate clockwise during
tuhe scloction,

Changes drive sense of
switch motor M1,

Hold on for BM during
efclockwise rotation afcer
I-16 has opened.

SPL 12V enil
{LUBE THERMAL ©/L)

SPLSL

SPLS2

SPL/3

37604 79

3760E Fl0

37638 H2

F7?

Clozed when tuhe s
selected and tube Lhermal
switclh is elosed at safe.

Blocks fluoro, prep and
expose enahling clrewits
if tube is ocverheated oc
HT switch is not homed ©o
the correcl tube.

Meconnects the lamps in
the tube/technigue push-
buttons If the tube is
overheated or HT switeh is
not homed bte the correct
tube.

Not used

OAD 24Y coll (OVERLOAD)

oan/l

OAD/ 2

QAD/S 3

37608  F21

3760B F10

3763/B  HLSS

37608 F13

Closed 1f not tube overload

Biocks the linec to the
fluoro, prep and expose
control clircuits If cthe
pre—set kl/time overlaoad
factors are exceeded.

Switches OFF the ready
lamp and switches ON thae
overleoad lamp 1f the
pre-set kW/time overload
factors are exceeded.

Rot used.

(245027 0486)
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8 RELAY, CONTACTOR AND MICROSWITCH FUNCTIONS

8.1 Relays

DESIGNATIGN

DRAWING BEFERENCE

FUMCT LUK

M 24V coil

(LY CHANGEOVER}

{Mounted on UL tank?}

KA/ L

BM/ 2

I7odB  Fe

70 b5fo

37608 Fb

Closed to rotato HT switch
cam plate cfclockw se
during tube selection,
Upen to rotate HT switeh
cam plate clockwise during
tube sclection,

Changes drive sense of
switch motor M.

lold on for BM during
efelockwise rotation afcer
I-16 has opened.

SPL 12V coil
{TUBE THERMAL ©/L)

SPLSL

SPLS Y

SPL/3

37608 re

3760E Fl0

a3 H2

F7?

Closed when tuhe s
selected and tube thermal
switch i elosed ab safe.

Flocke fluoaro, prep and
expose enabling circuits
if tube is cverheated or
HT switrh is nat homed 2o
the correcl tube.

Disnconnects the lawps in
the tuhe/techniquo push-
buttons if the tube 1s
overheated or HT switeh is
not homed bte the correct
tube.

Not used

QAT 24Y coil (OVERLOAD)

oAD/ 1

oAD/ 2

QADS 3

37608 F21

3760B F10

3763/B

H4f5

37608 F13

Closed if not tube overload

Biocks the line to the
fluoro, prep and expose
control circuits i{f the
pre-set ki/time overload
factors are exceeded.

Switches OFF the teady
lamp and switches ON the
overload lamp 1f the
pre~set kW/time overload
factors are exceeded.

Kot used.

(2450727 0486)
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RS LGHAT TN

BEAWING KEFERENC K

FUNC'LLON

CF 24V codl
(EQCCS SELECT)

CEFA

CEf2

CrS3

37608

37638

-3755B

I758E

F24

Hé4

09

DES

Clored when small focus 1s
selected. This normally
occurs at S50ma, lO0mA and
200m4a,

Connects =mall focus
indicator lamp when
onargised. Connects large
Eocus indicator lamp when
de-energised.

Supplies secondary ol
gpace chargs conpensation
tranzformar TR? with 110V
on small focus and 140V an
large focug.

3elects small locus
filament transiormer when
Uk and large focus
filament transfarmer when
OFF.

KPM 24V coil
[ULGIL SPEED SELE{T)

REM/ 1

B/ 2

BEM/ 3

37600

3783E

ITRiC

37608

Fr!

Hl1

FL3/ 14

Closed when high speed oot
requested.

Connects high speed
indicator lamp when
de-enerpfsad.

Connects LAl ta A3 for
noTmal speed srtart and 16]
to 162 for high speed
start. These terminals
for interface to the M{IU,

Vot used.

E90 24Y pall
(GECO 90kV)

Ka0fl

K90,/ 2
Kui/ 3

7608

3le2C

37608
37e0E

F19/20

I9

F11
Fll

Closed helow BOkY.

Disconnects 164 fraom 178
for GECOMAT dnterfaco to
activate the low kY
conpensation.

Mot usad.
Nat used.

&0
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ke TLHATTION

DEAWENG REFERENCH

FUMOTION

KL23 24V coil
(ECO [25kY)

K125/ 1

K125/2

KLun/3

37608

3vn2

37608

37608

F2{)

I

iz

F12

Closed below 100kY,.

Disconnects 164 from 170
tor GECOMAT interface to
activate the High &V
compensatian,

Kot used.

Mot used.

SCA 24V ecoil

{FLUGEG ORDER)

50441

SO 2

sCAf3

37608

3761E

3ThiC

37S56E

Ilé

Gh

I5

BR

Closes whea fluara is
ardered from footswitch
provided technique 1 is
gelected and the fluoro
timer is roset with oo
radiography prep command
present,

Fnergises fluoro contacter
3B when OGN,

Spare [nterface contacts
with 12! normally closed
ko 192 and 19] making to
193 during fluoro.

Change 10wA mA wmeter scale
from 1line indicatlon to
fluore mA indication.

PGE 24V coil

(PREP ORDER)

BGES1

PGES2

PGE/S3

a760B

17618

37608

3760B

F15

G7

F5

F5

Closes when radicgraphy
prep 1s ordered, provided
that the tubes overload,
tube thermal, tube
selected lights and tube
selectfion clrcults are
enabled safe.

Blacks fluoro SCC
contactor for 0.8s after
prep and @Xpose.

Not used.

Not used.

(2450/2/0486)
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DESTGNATION DRAWING REFERENCE FUNCTLON

PCE 24V coil 37606  Flh Lloses when prep is

{FALSE mAs DETECTOR) commanded only 1f EEE is
not Indicated on the mas
display.

EGRSL 3741E G100 Blocks PGA, PGC and MA

during prep if a false mAs
is selected. I mis 1s
normal 1t also freezes the
Line Automatic Driver
prior to expoze and also
prepares the exposure
counter to operate when
exposure starts.

PGR/2 37608 Fl4 Elocks fluore SCA relay
and fluocrs display during
rad prep and expose.

PGE/3 I756E BB Change mA meter scales
from 10 to 1000mA {(from
fluoroscepy to radiography).

PDT 24V ecoil 360B F23 Closes 0.8s after prep is
{ FEEF DELAY) comuanded .
FDT/1 37618 GlZ2 Enables the radiocgraphy

timer at the end of the
prep boost delay time,
provided that the sfator
detector clrcuits are
closed, the tube filament
is intact, no fluoro 1s
commanded and the operators
expose button is pressed.

PDT/2 3762C I1D Spare NO contact connacted
to 139 and 140 for
interface purposes.

PDT/3 3757E BB Change m4 mecer input from
line indicacion to mi
radiography.

62 {2450/2/0486)



DESLGHATTON

DRAWING EEFERENCE

FUNCTTON

5F BV coil
{FLLAMENT SRUHRITY )

Sk A

53

37588

37els

IThHRL

175458

D14

BL4

Dis

Closns during radlography
prep and expose if current
ix presenl In the tube
[ilament.

Blocks the radivgraphy
exposure timer if the tuohe
filament is open
circuited.

¥ot uscd,

Not used.

AMY 1.5 A Coil
{STATOR MAIN)

ER I

AN 2

AME/S3

376lB

i7eld

37618

37618

=18

Gl2

Gl

Gl7/18

Cldses to indicate that
rurrent is present Lo che
statar main winding duriug
preparation rut Jdfe.

Rlocks SLA contactor if
stator maln winding is
open doring pren.

Blacks exposure timor
stact llne i1 AP does nob
apen after the end of Lhe
prep boost period.

Palays changeover from
220V sLator start to 40V
stator tun to minimise
arcing on STA=3 contact.

VOO 2208 codl
[ STATOR CAPACITOR)

vee/l

VO 2

VoL 3

3761

37618

37elB

37610

GLE

Gl2

Gl

Gl

Cloges if woltage is
presenlt acToss slatol
phase shliting CF and G4
darling SCatar run up.

Blocks the exposure Llmer
start line if the stalor
phase shift capacitor Ls
short circuited or I7 the
capacltive winding mobs
apon civoullb.

ot used.

Mot used.

(2450/1/385}
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DLESIGHATION

DRAWING REFERENCE

FUNCTION

200 11UY coil
{ STATOR 90¢ WINDING)

PALMAY

A2

Z0G/3

37elb

3761E

37618

3701B

Gle

Gl2

GLAA15

Glaf1s

Closes to detect waltage
aeross the stator
capacitive winding during
pren boosta

Blacks the expasure fimet
start line if rthe stator
capacitive winding is
short ecircuited,

Mot uzed.

Hat used.

RAY 24V goll
{ EXPOSE URDER)

Rax/i

RAY/2

RAY/3

37608

37elB

3156E

37608

F17

¥l

Clpses when radiography
exposures are commanded by
the operators contrel
button provided that the
correct technique is
selrcted and that the tube
overload, tubn Lhermal,
tube solccted lights and
tube selecilon cireuits
are enabled safe.

Closes one of the
interlocks in the expnzurse
command line to the
radiography exposure
timer.

fpen circuits the eAternal
inds moter link when a
radiecgraphy exposure is
commanded.

Not used.

B4
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DESTGHATION

DREAWING REFERENCE

FUKCGTION

ETE 24V coil
{EXPOSE OGN

RTE/1

RTE/2

RTE/3

3760B

3701B

i763R

3762C

F18

GllL

H5/&

I3

Clases afrer vadlography
Fimer commands an exXpasure
via XL{1.

Completes common return
for exposure counters wia
PGB/l prep and SCC/6
flioro.

Conpects +5V to
radiography ¥-rays ON lamp
for a period long encuph
to give adequate wvli=sual
indication on shork
exposires.

Spare N comtact coonected
to 188 and 18% for
incerface purposes.

WOTE: This remains closed
for a short period after
each cxpasure due to the
slugping action of XL.

MA 2208 coil
(MAMMO PREP)

Ma/1

Mas2

MAa/ST

3761B

3780B

3761E

37618

Gl1l1

F26

Gl2

G12

Closes oo prep when
Tiibe 4 15 selecred,

Completes circuit for
relays MB, MC and MN
during prep Lf TON 6 and
TUBE 4 are sclected.

Kot used.

Kot used.

MB 24V coil
(MAMMO 100maAY

MES1

ME/2Z

MHS 3

3760R

37588

37588

37408

F25/26

DL2/13

D13

F18

Closes on prep when TN &,
TUBE 4 and 100wA are
selected.

Connects supply to 100wA
tapping band on R11 tor
adjusting small focus ou
Hammo »

Connects supply tao 1G0mA
tapping band of R27 for
adjustiog large focus on
Mammo .

Mor wsed.

(2450/2/0486)
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DESIGNATION

LRAWING ELEFERENGE

FUNCTIGN

MC 24V foil 7608 F24 Closes on prep when TOH 6,

{MAMMO 200ma) TUBE & and Z200wA is
selected.

ML L 375BE W13 Connecis supply to 20Umd
Lapping band of Ell for
adjusrting small focus on
Mamma .

A2 ATSHB blL3 Connects supply to 200mt
tapping hand of K27 for
adjusting large focus on
Hammo.

AT A7e0E F20 Hot ddsed.

AD 24V coll 37608 26 Clazes on prep when

(MO 30mA)

MD/ 1

D, 2

Mo/ 3

I758/B D12/13

3758E bL3

3760K F22

TN &, TUBE 4 apnd 30mA is
gelected,

Connects supply tao 30H) mA
tapping band of RElLL for
ad justing small focus on
Maimmao .

Contects supply bto 300mA
tapping hand of RZY for
ad justing large focus an
LM +

Noat used.

HE 24Y roil
{ TIMER}
(PCE 3371 M3Ah4)

BES]

3554
37554 K10

I37ela P2
1334

Closes if there 15 excess
primary current in the HT
tank during exposure or if
there 15 ¥X=rays outside
exposSUre.

Removes supply from line
contactor Cl to Lsclate
the RROD from cthe room

supply.

. 24V eoll
{1IMFR)
(PCE 3371 HN3554)

¥L/L

3554

3554
ITa0R K18

Closes during radiography
ewposureg and is held ON
after termination for
short period to permic
adequate switehing time
during the shortest
ezposure durations.

tnergises relay RTE during
radlography exposures.

6é
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8.2 Contactors

DESIGHATION

DRAWING REFERENCE

FUNCTION

CL 24Y 60Hz coil 37674 P2 Cloases when DN switch I-15
{LINE CONTACTOR) is pressed via OFF switch
I-16 and breaker relay
contact BE/F1.
CL/1 nfe 37e7A P2 Hot used.
CL/Z2 37e7A P2 Hold om for CL after
I-15 ig released.
CL/3 37674 P3 Connects L1 to red phase
37558 a2 Line Compensator Switch
- Pole.
CL/4 37674 P2 Not used.
CL/3 ATEYs P3 Comnects L3 to blue phase
37558 AZ Line change voltage link.
CLf% nfo 37674 P2 Mot uscd.
CL/7 nfe 37674 P2 ¥ot used.
PGA 220V el GY Closcs end of prep boost
{SCR ISQLATOR) except if a HS MCU is
fitted. In this case it
closes during prep.
PGA/L A7elE  Cl0 Hot used.
PGAJSZ 378l 410 Not used.
PGAS3 37558 A7 Connecrts TRIA Auto to
ECRs.
PGAS 4 3761B G100 Nor used.
PGASS 37558 A7 Completes HT primary
cireuwlr to TR1A Anto.
PGAS B 37612 10 Nor used.
PGA/T7 nfc 3761E GCl10 Not used.

{2450/ 2/04B6)
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DESIGNATION DRAWING REFERENCE FUNCTION

SCB 220V coil 3761B G6 Cleses on Tluore ecrder
{FLUCRO ROTATION} from 3CAF1
BCH/1 3761 Gll/12 Supplies 220v to staror

drive transformer TR1G.

BCB/2 ITelE Gll/12 Shorts prep delay contact
EDT/1 to energlse stator
changeover 5TA contactor
immediately all stator
interlaocks are made.

SCB/S3 37618 Go/7 Enables fluore contactor
8CC after STA is
energised.

SCB/4 nfo IT61E  GR/7 HNot used.

S8CE/3 nfo 3761IB  GB/7 Not used.

5CBSH nfe I761E €10 Disabhles exposure counter,
line volt=s and PGA & PGC
CONEArTEOTS .

SCES7 nfc 37618 G&/S7 Not uged.

SCR/E nfc 3761B  G6/F7 Not used.

SCE/2 n/fc 3761B GE&/7 Not used.

SCBS1D n/fe 37618 GerSY Not used.
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DESIGNATION DRAWTING REFERENCE FUNCTIGH

8GC 220V coil 37641R G7 Clozes when S5CE/3 and

{FLUDRO CONTACTOR) 5TA/S5 make provided prep
is not commanded.

scc/l 37574 C6 Connects output of fluoro
kV wvariac te T3 on HT
primary.

s5CG/2 17574 06 Comnects return from Tl on
HT primary to main auro
via F1Q.

5CC/a 37638 HS Supplies 5V te fluorao

) ¥-tays 0N lawmp.

SCCS4 Ire2c 11 197 makes to 198 For
external intetrface
[urposes.

8CC/5 nfo 376lB &8 Hot used.

SCCSH 376l GB8 Not used.

8CC/? nfc 37638 H7 Beduces light to kV

meter and mA meter
during fluoro exposure.

SCC/E 7e2c 12 199 to 200 opens during
fluoro for external
Interfacing purposes.

5CC/9 nfc I761p GB Not used.

sSCC/10 nfe _ 37618 B Not used.

(2450/2/0486)




ODESTGNATION

DEAWING HEFERENCE

FONCTEUN

PO 220V coll
{PHEP BODST)

Pl

e W,

PG/ 3
PGL G

PLCH S

BGC/ 6
PoCST

FGC/B  nfc)
P&/ nfed
FGESID nfed

37618

37610

37518

37588

37626

37e50
4037

37588

3758E

3761R

L0

a1z

G/ L0

pla/1s

13

Maj5

BL7/18

Dl7/18

Gll

Closes oo prep nrder from
PORST wia BGC/ 6.

Supplies 220V tao stator
drive cransformer TRi&A,

Enahles SCK isolating
contactor vla S5TA/S (end
nf prep delay)} or
imnediately if the U5 link
iz fitted,

Connecds filament hoost
supply to selecled focus
and enables KL 3F.

195 makes to 196 Lot
external lntecfacing
purposes.

Applics +15V to kY Adjust
PCE 4037 to freeze the
ovarload, HS select, and
GECOMAT kY comp olrcuits
during exposure.

Jisconnects the standby
filament supply Erom
R13/14 to small focus.

Muconnects the standby
filament supply {rom R15

to large focus.

Noe used

70
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DESLGBATION

DRAWTNG REFERENCE

FLLCT LU

§Ta 220V coil
{KAPTD START)

ATaf1

S1TA; 2

5T4/3

Slafa

STASS

STA/ 6

STAlT

S5Taf8 n/fo)
§Ta/9 nfe)
5Taf10 u/fe)

I76IE

3761B

A761D

3761EB

I761E

I761E

e1h

2761E

37618

G1z2

Ge2/L3

<13

GLY

Gig

G7

Ll7

319730

Gl3

Closes after prep delay
Cime wia PGSS1 and PLTA]
in BAD or immediately via
SCRS1 and SCES2 in FLUDRD
pravided all stakor
interiocks are closed.

Shorts oukb stator
lacerlocks during expose.

Shorts ont external MO
interlocks ia HE mode only
via AMP/Z

Connects 50V co statars at
end of rapid start period
after AMP relay
de—onerglisation period.

Short circuits AMP relay
at and of prop boost
poriaod.

Fnables fluoro contactor
5CC when stater is runnlng
following a fluaro
comnand .

Removes the 220V stator
when the prop hoost period
i5 over.

Disconnects ZCC during
expoge to eliminate relay

buzz on line dvap.

Mot usged.

{2450/1/7385)




8.3 Microswitches, Rotary Switches and Pushbutton Switehes

DBESIGNATIOK DEAWING REFERENCE FONCTION

Microswitches

L1 37608 F& TUBE 1 selector stop.

Iz 37008 F& TUBE 2 selector stop.

13 37608 Fa TUBE 3 selector stop.

L 3760B F4 TURE 4 selector stop.

15 37608 Fo De—energises relay BM for

’ clockwise rotation of tube
gelector drive.

16 3760B T Enerpgises relay EM for
c/elockwise rotation of tube
gelector drive.

17 ot used.

18 Not used.

1% Not used.

L1} Not used,.

Botary Switches

ol 3755E Line compensation.

2 37558 k¥ major selector.

B3 37558 k¥ winor selector.

DHA 37638 Time selector.

(5132 37644

e 3765C

72
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DESTGNATTON DRAWING REFERENCE FUNCTLON
Pashbutton Switches
119 37e7a P2/ Maing ON pushbutton.
Il5 37674 P2 Mains OFF pushbuctton.
i1l 3780B F13 Fluosro kY display push-
button.
Il Mot fitted on
UK models.
B I13 3760B Fl5/16 Badiography prep pushbutton.
Tl4 3¥60B Fla/17 Radlography expose push-

butiton.

Famt

(2450/1/385)
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Chaprter 9 - Scction 1
TECHNICAL DESCRIPTION - MATIN AUTOTRANSFORMER LINE CONNECTTIONS

3.1 Main Autn Transformer Line Comnections

Refer to TOrawings 3755B, 37674 & 3761B

A, This iz a single phase transformer which can be manually adjusted
to operate on power supplies as fallows -

180 - 268 volts
340 - 428 wvolts
375 — 463 volts

NOTE

It is not recommended to use the 180 - 268 volt supply because the
line resistance to an” X-ray department ig invariably too high for
unrestricted power output.

B. Fized raps are provided at 220¢, 380V and 415V for coarse
adjustment to the prevailing mains aupply.

C. 4 1ine compensation switeh Dla is provided for fine adjustment as
follows -

i) 6 x 8 volt steps to inerease the output voltage by 48 volts
1i} 5 x 8 volt steps to decrease the ourput voltage hy 40 volts

0. Line compensator switch DI is a break before make switch. Faor
this reason B! is connected between Dl switch poles and a low
voltage fap on the Auto Tranaformer te prevent circuait tripping
when the switch Is rotated in between studs. This resistor also
serves as an inductive bypass to dieinish contact flash over
during tap selection.

E. The power supply ia normally provided from L3 and L1 and is
connected to the Auto Transformer vis contacts CL3 and CL3 of the
line contactor.

F. The MNeutral supply line is not rtequired for the generator and
nelther should it be uwsed for interfacing ancillaries.

G Comtact (L2 provides a held on e¢irenlit for the Contacteor coil
after the Malns ON/push button I15 has been released, {Sesz
drawing 37674.)

H. The coil efrcult is broken when either the mains OFF push hutton
116 1z depressed or the contact BEL apens as a result of excesslve
current in the HT Transformer. BKl also opens if there is X-rays
outside exposure, The coll is commected across two phases namely
11 and L3 and 1s tapped at 22(W 380V 415V and 440V. The tap is
reset on Installation to the prevalling malns supply. T the
factory it is set to 380 wolta.

(28410)
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Chapter 9 - Seetion 1
TECHNTICAL DESCRIPTION - MAIN AUTOTRANS FOEMER LINE CONNECT IONS

J. The maln augiliary lines from the Autc Transformer are commected
to terminals 143/144 via Puse 3 and 1417142 via Fusc 5 {Prawing
37618,

The poteniial of these lines should be 220 wvolts when the
dutomatic Lime Compensator Switch is correctly set.

K. On 30Hz supplies, the viclet common return for all 220v relays and
contactors ls comnected to Fuse 5 (See Drawlng 3761B).

The 220 wvolt ac relay cirenits are supplied from termival 143 and
Fuse 5 but they will only function ecorrectly 1f the 220 wvolt
aupply 1s delivergd at 50Hz.

fn 60Hz supplies the impedance of the relays will increase which
means that the applied voltage will have to be Increased by a
proportionate amount.

Tn this case the violer commen return [s Teconnected to Fuse 6

which raises the voltage to rthe relays and contactors from 220v to
260v,

Power {utput Supply

The drive for Lhe HT transformer TRS 1s preselected hy the kV coarse
and fine switches D2 and D3 respectively.

D2 can sclect kV in approximately 10 kV steps which can be subdivided
by D3 Into approximately 1 kV steps.

The advastage of coarse/fine kV selectlion systems is economic in Ehat
the tapped windings oo the fIne selectlon transformer are recyeled
after every ¢oarse kV step. In this way the number of taps which would
otherwise have to be taken out from the windings Is drastically reduced.

The kV seleectiom cirecuit 18 routed to terminals T3 and Tl on the
transformer tank via the heavy duty primary winding of TRZ.

This current tramsformer provides the excess current and X-rays befare
and after exposure detection signals,

Also in series with the expesure power lines are contacts 3 and 5 of
BCR isplating contactor PGA.

PGA closes at the ead of prep boost and thyristors A and B are enabled

follewing an expose command in the sequence cutlined in paragraph 9.5.1
expose timer ezplanatiom,

It should be noted that the power dicde W0 in conjunction with serles
resistor R&é provides a current path to the HT primary at the end of
Prep hoost BEFORE an exposure 1s commanded in order to magnetlecally
condition the transformer core.
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Chapter 9 - Seckion 1, 2
TECHNICAL DESCRTIPTION — MAIN AUTO LINE CONNECTIONS, TUBE FILAMENT CIRCUIT

9.2

9.2.1

0.2.3

CAUTION

AS BUCH IT IS IMPORTANT TO REMEMBFR THAT LETHAL VOLTAGES ARE
FRESENT IN THE HT CABLES WHEN THE GENERATOR IS HELD IN THE
FREFARATTON MODE OF CONTEOL.

Tube Fllament Circuit

Drawing 37588, 3760B, 3761B and 3763E,

The tube filawent stabiliser transformer TR10 is specially wound wlth a
capacitative loaded secondary which provides a degree of stabiity in
the outputs from the secondary windings.

The primary is fed with 220 valrs from lines 143 and 141 and is
protected by fuses 3 and 5.

The main secondary winding is tapped at O velts, 80, 110, 120, 130,
140, 150, 160 and 170 wolts,

The 80 wvolt tap is emploved for the tube pre-heat and/or fluoroscapy
broad and fine fllament circuits.

Broad focus filapent transformer TR12 {s supplied via pre-heat rheostat

E15, contactor PG? and terminal 104. The return iz to the 0 volt tap
on TR1O via line 103,

Fine focus filament transformer TR11l is supplied via technique selector
ewitch wafer D5D, maz-heat rtheostat R13, Fluoro mA Conkrol R1&,
terminals 171-172, PG6 and terminal 105, The return to the 0 volt tap
is via line 103.

During the Radicgraphy Mode of Control the 140 volt and 110 wolt isps
are used ta supply the tube filament broad and fine tranaformers
reapectively whieh of course 18 dependenr on the focus selected.
Normally Fine on 50, 100 and 200mA and Broad on 300, 400 and 500mA.

In beth zases, the tube filament transformers TR1? and TR11 are fed wvia
the specondary of space charge compensation tranafermer TR? which
injects an antl-phase voltage proporticnal to k¥ into the filament
circuit.

Thig voltage provides maximem filament boost when the coarse k¥
gelector is at position 1 and decreases ag the switeh 1s rotated to
position 12. (&1l buck system.)
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Chapter 9 - Sectlon 2
TECHNICAT, DESCRIPTION — TUBE FILAMENT CIRCUIT

F.2.5

Wien broad focus is selected, relay CR ia dormant.

Contact CF2 Conneects the broad filapent radiograpgny supply sourcs to
the 140 volt tap on TR10.

Contaect €F1 Connects the broad focus Iandicator light L9 on Drawing
37628 to the 10 volt supply on TRL4.

Comtaet CF3 Selects broad focug filament rransformer TRIZ.

TR12 primary is therefore fod from the 140 wvolt tap on TR0 wia CF2,
TR7 sccondary, nm4 switeh wafer D49, technigue selector switch wafer
B5C, ma selector switeh wafer D4R (positionsz 4, 5 or 6), Radlography mi
adjusting rheostat R10, Filament Seecurity RL SF, Contact PGC-3 and
Contact CF3 to terminal i04. The return to the 0 volt tap on TRID is
via line 103. PGC6 and PGC7 disconnect standby filament deive during
prepare and Ccxpose.

wWhen fine forus is selected, BT CF iz energiced from the 24 volt line
feeding the diode matrix in kV Adjust PCB 4037 via mA gwitch D4H and om
through to technique switech wafer DSL (Tubes 1, 2 or 3) {(see page 28}.
The other end of RL CF 1s connected to O volts de.

Contact CF2 Connects the flne filament supply source to the 110 wvolt
tap an TR10.

Comtact CFl Comnects the fine foeus indicator 1light IL10 to the 10 wolrt
supply on TR14.

Contact CF2 Selectg flne focus filament transformer TR1L.

Mammography 1s selected when the technique selector switech s turned to
tube 4. In thias position the Mamoe relay MA will be eperglsed during
Prepare via PGB-1 and technique switeh D5-0 (see Drawing 3761B).

Contact MAl closes which allows elrher relay MB, MC or MD on Drawlng
3760B to be selected via mA switch wafer D4H and the diode matrix dn kY
Adjust PCB 4037, Yormally these relays correspond to 100, 200 & 300 ma
regpectively.

With the mA switeh at 100 mA, the contacts of RL, MB will be closed.
These tomect the mA adjusting rheostats R1l and R27 in parallel and if
they are correectly set as per the referemce In page 44 pavagraph 5.6.8,
each broad and fine filament should emit at 50 mA.

The procedure for 200 and 300 mA is the game during which relay MC and

MD comtacts will close respectively te parallel the 200 and 300 ma
portions of B11l and R27.

. 4.4 - (2450/1/0888)



Chapter 2 - Sectien 3
TECHNICAL DESCRIPTION - &V CALIBRATION CIRCUITS

E.

kY Calibration Circulrs

See Drawings 4033, 4037, 37574, 37644, 3760B, 37558, 37618, 3762C,
3763B & 3765C

Introduction

The kV meter is scaled ro read 160%Y FSD when +7.5 volts is applied to
its terminals.

It 1s coonected to F3 pin 8 oo kV Adjust PCR 4037 (ses drawing 4037}
terminal 114, O volts de (gee Drawing 3760B coordinates Fid).

Fin 8 from the above edge connector is therefore the output from the kV
Adjust PCB and It contains a voltage analogue proportiomal ta &V in
both the fluora and radicgraphy modes of control .

The purpose of the k¥ Adjust PCB is to forecast the voltage drop on
lead within the internsl generator circuitry and also the oo load
voltage drop In the external supply for any given mA. The resultant k¥
drop to be exzpected 1Is thus subtracted from the ¥V display whieh will
then be corrected by the user prior to an exposure: eg. on a4 properly
calibrated PCB, the corrected kV analogue and hence display will
naturally deecrease with each Inerease fn selected mA, thus when the
user Inereases the kV to the desired value, the correct kV compensation

for the mA value selecred will be applied to offset the losses
encountered on load,

The kV analogue voltage is alsc used within PCE 4037 1o control the
following fumetions :-

i k¥ zignal to kW/tdme overload elreunit
11 k¥ signal to awitch tubes from normal speed to high speed operation
111 90 kV signal for Gecomat compensation
iv 125 KV signal for Gecomat compensation

Algo on the same PCB there 13 a diode matrixz which 1s used to preset
the tube focal spot combinatlon desired for each mA switeh position.
Normally it 1a factory set to give 50, 100 and 200 mA op small Focus
and 300, 500 and 700 mA on large focus. It is however passible with
large tubes to employ small forus in e=zcess of 200 mA if & high speed
MCU is deployed (see page 28).

The preparation delay cirecuir for tube fllament boost and stator rapid
start 18 also incorporated em this PCB and 1s adjustable by P29 which
forms part of the CR network R5? and £33 for the 556 timer IC-4.
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TECHNICAL DESCRIPTION — kV CALTBRATION CIRCDITS

9.3.2

9.3.2

Derivation of kV Analogue Signal - Fluore

Un Drawing 37574 the fluoro supply lines to the primary of the HT tank
at the live side of fluorc contactor SCG-1 and 5CC-2 are also connectaed
to the primary of fluore signal step down transformer TR9-P.

The secondary of TRY Is shown on Drawing 37644 and connects direct to
edge connector F2 pina 3 and 1.

Edge connector F2 is repeated on Drawing 4037 bottom left and the input
to pins 3 and 1 is half wave rectified by D4. The resultant waveform
is swoothed and acaled by C1l7 and P26 reapectively.

The output from P26 is taken to pln 1 of analogue switch I1£-9. This 1=
a CD4&066 Quad Bi-lateral Switch and it requlres a high on pln 13 to
make pins 1 and 2 conductive. Wien ON the circuit in series with pins
1 2nd 2 ean econduet in both directions.

ICY pins 1 and 2 completes the path to the dual fluorofradiography kV
nmeter only when the kV meter push button is pressed duricg standby or
during the perlods when fluoroscopic ezpostres are commanded,

Fin 13 of IC-% therefare goes high during eithet of the above sequences
because pin 6 of NAND Sate I1C-7 will be swirched high following a high
m edge connector F3 pin 7.

From Drawing 3760B coordinates Fl3 1t can he seen that F3-7 can only be
high when either 1-11 (kV display pushbutten) or the exterval fluore
foot-switch connected to terminals 156 and 157 is pressed.

The high from IC-7 pin 6 also switches ON a second analogue swltch
namely IC-9 pin 12, This Inserts a dummy load resistor R22 across the
output of the radiography k¥ display circulit when IC-9 pins 11 and 10
swltch ON.

The third analogue switch IC9 pin 5 is switched OFF with a low from

IC-7 pin 3 which disconnects the kW meter from the radicgraphy
calibration elrcuits.

The scallng potentiometer P26 is adjusted to produce a display of 100kV
when the fluorc k¥ comtrol 1s set to supply 223 volts to the HT primary
eiredit from terminal 168 and fuse 10 (see Drawing 3763B),

Derivatlon of kV Analogue Signal - Badlography
{See simplified schematic Figure 9.1}

tn the left hand side of Drawing 4037, three comtrol woltage sources
are applied to the PCB znd each has a speclfle functlon as follows i-—
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Chapter 9 = Section 3
TECHNTCAL DESCRIPYTION - K¥ CALIBRATION CIRCUITS

4} Radiography kV Analogue

This 1s derived from step-down transformer TR6 shown in Drawinga 37558
and 37644,

The primary is connected o fuses 11 and 12 which are in turn conneeted
to the I and L3 owtput phases from the radiography coarse and fine
gelectors. This voltage is directly related to the HT primary volrage
and hence V.

The secondary of TR&é 15 comnected to edge connector F2 pins 5 and 4
where 1t becomes full wave rectified and smosthed by W3 and Cl6.

A potential dividing network comprising P27 and R5 scales the smoothed
output veltage to an QFF IOAD voltage analopue proportiomal to 125kV.

P27 1s therefore the NO IOAD top end adjustment potentiometer.

B) Radiography kV Range

Thig is derived from tramsformer TR13.
The primary 1s commected across the 220 volt line on Drawing 37618.
The secondary on Drawlag 37644 provides a constant 10 volts to edge

comector F2 pina 7 mmd 6, after which 1f becomes full wave rectrified
and smoothed by W2 and Cl4 respectively.

The smooathed outpit is applied to the 1nput of a IM317T voltage
regulator T2.

The output at pin 2 is used to provide an OFF LOAD voltage proportlonal
to 50kY.

This volrage can be adjusted by P28. When it is all 1n elrcuit, the
output is high. When It i2 all out the output 1s zero.

P28 is therefore the N) LOAD bortom end adjusiment potentiometer aad it
is normally factory set to develop l.4 volts across C15,

C} Radlography k¥ Inverse Volts

Again this 15 derived from TR13 which on Drawing 3764A has another
secondary windlng 53 which generates a eomstant 20 volts into edge
comnector F2 pins 9 amd §.

Kectifiers Wi and C12 respectively provide full wave rectification and

smoothing of the Invetse voltage supply source and the resultant de
voltage is applied to imput pin 3 of a IMIL?T voltage regulator Tl.
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TECHNICAT. DESCRIPTION -~ kV CALIBEATION CIRCU1TS

9.3.4

The output of Tl ecan be econtrolled by any of the following
potentliometers one at a time :-

i Fl when 5S0opA is selected
ii P2 when 100mA iz gelected
1ii P3 when 200mA 18 selected
iv P4 when 300mA is melected
v F5 when 400mA Is selected
vi Pt when 500mA 1s zelected

If 50mé Is selected, Pl iz factory set to output a small voltage from
voltage repulator Tl whieh 1s In serles opposition to the kV meter
drive signal.

This reduces the kV meter reading by the asmount which would bhe leost
during an exposure on accownt of the Internal veltage drops inherent in
the generator cirecultry at 50LV.

The complementary 50mA potentiometer P8 1s factory set ko modlfy the
bucking voltage at 125kV.

Thus wlth both potentlometers correctly set, the actual internal losses
will be Indicated on the &V meker and corrected prior to an actual
2EPISHre.

With each increase in selected mA the internal losses hocome greater
which ¢alls for more opposlition volts to be cutputted from T1.

Thus at 500mA the 50kv related output from T1 womld be factory set by

Ph to inject a much higher opposition voltage 1in serles wlth the k¥
display than 50, 100, 200, 300 and 400mA which calls feor a much greater
correction of the coarse and fine kV controls prior to an exposure.

The 125kV inverse voltage correction Is this case will be P18 which is
the 300mA high LV ectiplementary potentiometer for P6.

k¥ Analogue Circuit Degcription

The potentiometers discuesed so far are summarised as foallows :1-

F?a Fluoro k¥ ecalikbration
P27 125k¥ adjust HO LOAD
P28 50kV adjust NO I10AD
Pa 125kV adjust for SlmA ON [DAD INTERNAL LOSSES
F10 125k¥ adjust for 100mA ON ITOAD INTERNAL LOSSES
P12 125kv adjust for 200mA ON LOAD INTERNAL LOSSES
Fl4 125KV adjust for 300mA ON TOAD INTERNAL TOSSES
Flb 125%¥ adjust for 400mA ON IOAD INTERNAL LOSSES
P18 125kV adjus=t for 500mA ON IOAD INTERNAL LOSSES

Pl 50kV adjust for 50ma ON LOAD IRTERNAIL LOSSES
P2 50kv adju=t for 100mA ON LOAD INTERNAL LOSSES
B3 50kV adjust for 200mA ON LOAD INTERNAL LOSSES
B4 50kY adjust for 300miA ON LOAD INTERNAL LOSS3ES
F5 50V adijost for 400mA ON LOAD INTEENAL LOSSES
Fh 0KV adjust for S500wa QN LOAD INTERNAL LOSSES
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TECHNICAL DESCRIPTION - kV CALIBRATION CIRCUITS

Thaose not discussed are engineera’ adjustments to compensate for line
Ilnsses cneountered on site. They are as follows -

B7 Adjust for SmA ON L[OAD EXTERNAL TOSSES
PG Adjust for i00m4 ONW LOAD EXTERNAL LOSSES
Fll ddjust for 200mA ON LOAD EXTERHAL LOSSES
P13 Sdjust for 300mA OW LOAD EXTEENAL TOSSES
P15 Ad just for 400mA ON IOAD EXTERNAL LOSSES
E}? Adjust for 300mA ON LOAD EXTERNAL LOSSES

The aimplifled schematic onm Flgure 9.1 illustrates the radicgraphy kY
dizplay galibration elircult with a 50mh selection.

Analogue awitehes TCLO " ping 13, 1 and 2 and ICL0 pins 12, 11 and 10 are
therefore biased ON to insert P1, P7 and P& in circuit.

The +ve blas sipnal for ICLD pins 13 and 12 comes from the +E5V line
vila mA owiteh D4-I oo Drawing 3763C and enters pob 4037 ac edge
connecter FI pin 1.

With IC-10 pinsa 1 to 2 & IC-10 plas 11 to 10 conduetive, the +ve kV
analogue signal 13 delivered to the +ve input of the KV meter wia the
following route ;-

Mo load adjusbment P27 C125ky)
Internal losses adjustment R1 (50K at 50mA)
Bl Subtractlon valts set by Pl
S0mwA analogue switch IC-10 pins 1 and 2
50mA analogue switeh 1C-10 pins 11 and 10
External losses adjustment B7 { 50mA}
internal losses adiustment =k {125kV at 50mA)
¥o lopad adjustment r2g8 { 50kV)
R3
kV meter mulriplier F25

The -ve output from the kV display is rveturned dlrect ko 0 volts dc
Cterminal 114),

If 100mA is selected, them the above route will change as follows -

No load adjustment P27 (125kV)
Internal losses adjustment k1 (50kV at 100mA}
B2 Subtraction volts set by P2
100mA analogue switeh Ic-10 pins 3 and &
100mA analogue switeh Ic-10 ping 9 mmd 2
External losses adjustment Pg (100mA}
Internal losses adjustment P10 {125K¥ at 100mA)
No load adjustment FIRB { 50kV}
R32
KV meter multiplier P25

- 9.10 - {2450/1/0888)



Chapter 9 - Bection 3
TECENICAL DESCRIPTION - k¥ CATIBRATION CIRCUITS

9.3.5

The -~ve output from the kV dlsplay 1s returned to ¢ volts de
{terminal 114}.

Note that the current entering the top end of P28 does not actually
Flow through P28 and R3. The 10 wvolt step—up supply earries rthis
current and it fa outputted from pin 2 of T2 at the wvoltage level
presat by P28,

For the 200, 300, 400 and 500 mi switch pogitions the current 1s routed
via the assoclated analogue switches and sealing potentiometars shown
on Drawing 4037 wusing the same ressoning as deseribed for 50ma and
Tm4,

Diode D2 provides ¢lamping at 16 wolte should the kV analogue signal be
driven In execesas of thias woltage level.

DMode Dl clamps the contrel veltage for ioverse voltage regularcr TH o
a maximum of 12 volts,

DMode D3 prevents false readings on the k¥ meter {if the kV woltage
analogte value becomes less than the ioverse voltage level from T1, Tf
this was allowed to happen, the output of TI would predominate at very
low kV settings and send a reverse current through the k¥ meter whlch
would try to reverse, eg. the meter reading would follow a decrease in
set kY mtil the kV analopgus aignal equals the inverse wvollz slpnal.,
Any further decrease in set kV would then cause the kV meter to revcersc.

Application of the kV Analogue bo the kW/Time Tube Overload Clrcuit

Correct adjustment of the kV ecaldbratlion clrcults should produce +7.5
volts at the hisgh patentlial end of weultiplier P25 when 150kV is
gselecrad. This wvoltage 1is also applied to the inverting input of OF
AMP TC-8 pin 4 wia R3D.

The nen~inverting input, pin 5, is coonected to time switch DH-B pole
via edge comnector F2 pin 12 {(see Drawing 37644).

Time swit¢h DE-B pole outputs a voltage analopue proportlonal to ma and
time. Ir iz cealibrated to the characteristics of the X-ray tube
deployed. (See kW/time tube overload circuit.)

The above voltage wust alwave be higher than the kY analogue voltage
when the tube overlead factors, namely time, mA and kV, are within the
ratings of the tube.

This will make the output of OP AMP IC-8 pin 2 high and alsoc pin 13 of
the 4042 Quad lateh IC-11. Pin 13 is the D3 ipput and it #1111 omly be
low when the tube overload parameters are exceeded.

The 33 output on piln 11 follows the D3 input only when a high clock
slgnal 1s present on pin 5. When the elock sigmal is low, ep. during
prep with no fluoro, the D3 input is disabled =md Q3 remaidns in 1ts
latrhed state.
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9

.3.6

During standby and fluoroe mode of comtrol, the rclock =ignal is
therefore high and this will latech the 03 ourtput to the high on the T3
laput. D3 and 03 will of course be low if the tube overload facters
are exceeded,

With no tube overlead, pin 11 of IC-11 1is therefeore high and it causes
transistor TS to switch on. The collector/emlitter current subsequently
energlaes relay OAD on Drawing 3760B (coordinates F213.

When OAD relay energlsea, the ready lamp on Drawing 37638 (coordinates
HY) illuminates and the fluerse and radiography exposure comtrol
citeulls are cleared.

In its de-energised state, the tube overload lamp is 1lit (on Drawing
3763%) and the fluorpc and radiography exposure control clrcuaits on
Drawing 37608 {(coordinates F1)) are blocked. .

The clock signal for IC-11 pin 53 goes low when prep 1s ccommanded. As
already stated, a low elock sipgnal disables the 4042C Quad Tateh when
prep 15 commanded with nmo flusrs. This 1s necessary during radiography
exposures because a lot of noise is generated which can enter the data
inputs. The § outputs must therefore be isolated frowm the data inputs
duting prep and expose In order to prevent hiccuping from the clreuita
they control.

The Quad Latches are however enabled during fluoro expoaures hecause AC
ts frequently necessary for the user to change rtadlography k¥ o
prepavation for the next radiegraph. Tn this situation, the overload
sensing circuits must therefore remaln actlve.

The +15 volt prep sigmal comes from Brawing 3765C (coordinates M5) when
contactor PGC-5 closes and it enters Drawing 4037 ar edge comnector F2
pin 10 (centre lower right).

F2 pin 10 connects eo pin 9 of MAND gate TC-7 and the output at pin 8
only goea low 1if both pins 9 and 10 are hipgh. Pin 10 remains high
until fluoro is commanded vila a2 high on edge comnector F3 pin 7, thus
1f F3-7 1s l1ow and F2-10 is high, the output of IC~7 pin 8 will be low
to disable IC-11 at pin 5.

When fluore is commanded, edge connector F3 pin 7 poea high which
applies a 1w to IC-7 pin i0 via inverter IC-7 pins 12, 13 and 11. The
clock input at pim 5 of IC-11 therefore remains high during fluoro to
enable the Quad Iateh.

Application of the kV Analopue to the High Speed Select Cirecull
See Flgure 9.2.

On the MaxImum Load PCB {Drawing 4039}, links have to be Inserted for
tubes destined for high speed operatiom. These solder links are shown
bottom centre left on the drawing.
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The maximum complement of tubes for the R500 1a four, from which three
can be of different types, nawely group X, group ¥ or group 2.

If tube 2 15 the high speed tube, then it cean be allocated to either
group X or group Y. (Group £ 12 normally alipeated for the mapmo tube.)

Assuming that group X 1s allocated Ffor tobe 2, it will be necessary o
solder links between sockets HS, ¥ and 2.

It 1s arranged on the R500 fer technique ewitch positions 2, 3 and 4 to
select tube 2 and these are shown oo UDrawing 3765C {coordlipnates MB)
wired to D5-N.

+15 volts will therefore be applied ro edge connector E3 pin & oo the
Max Load PCB when any of the above technigques are_selected causing the
H3 link on Drawing 4039 and edge connector E2-1 to become high. ‘This
high Iz passed to the kV Adjust PCB (Drawing 4037) and makes pin 6 of
malopie switch IC-9 high via edge connector Fl pin 6 and B48 (lower
right of centre on drg 4037).

With IC-9 enabled, the output pin of OP AMP IC-8 131 connected to D&
input pin 14 of IC-11.

Pin 14 of the above Quad ILateck will be high durlng the perinds when
Tube 2, kV, mA and time factors are within the perwmissible normal speed
ratlngs and this high is tramsferred to the Q4 output at pin 1 of TC-11
and subsequently Th base Juwmctlon via R4S,

The collector/ewitter current In T6 energises relay RPM on Drawing
37608 {coordinates F22). Contact RPM/1l on Drawing 3763B (coordinates
H11) blocks the HS select indicator and contact RPM/? on Drawing 3762C
(coordinates 17} deselects the HS stator circults in rthe MCU for normal
speed contrel,

Potentiometers P19 through P24 on Drawing 5037 are the normal specd
overload adjustments (HS selects) feor 50, 100, 200, 300, 400 and 500ma
respectively, Only cne 18 switched ON at a time by thelr respective
analopue switches as follows :-

50mA Ic-1 plne 13, 1 and 2
100maA Ic-1 pins 5, 3 and 4
200ma Ic-1 plna 6, 8 and 9
300ma ICc-1 pins 12, 10 and 11
400ma Ic-1 plna 1%, 1 and 2
500w IC-5 pine 5, 3 and 4

Assuming that 30mA is selected as in Figure 9.2, IC-1 pim 13 will be

driven high from edge commector F3 pin 1 (top left of centre on Drawing
4037},

F3-1 is connected back to +15 volte vla 50md selector Dé4-I.
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With IC-1 pins 1 and Z now conductive, P19 In eomipumction with R23 is
connected to the mAftime voltage analogue to form a potentlal divider
which 1is adjusted to satisfy the 50mA normal speed overload
characteristies of the high speed tube. This assumea of eourse that
the hlgh =apeed overload factors were correctly adjusted 1n the £irat
place .

The output from the top end of R?3 is passed to the non—inverting Iinput
of QF &MP IC-8 at pin 7. During adjustment, pin 7 i3 taken
progressively lower in value by gradually Increasing the resistance of
F19 mmtil the %XV analogue volts at the i1nverting input exceeds the
mA/time analogue volts om the non~inverting input.

At this point, pin 1" goes low to switech OFF transister T6 via Quad
Lateh IC-II.

Relay RFM reverts ro 1ts de-energised state to illuminate the high
speed indicater (RPM/1, coordinates H1l on Drawing 3763B) and prepares
the MCU for high speed statar contrel (RPM/2, coordinates I7 on Drawing
3762C).

9.3.7. Application of the kV Analogue to the Gecomat kV Compensation Cirecuits

AY Gemeral

The atandard Gecomat is equipped with kV compensation push buttans to
provide density correection at 90kY and 125kvV.

These are normally selected manually by the operator on the Gecomat
Control Fanel. On the R500 there 18 however no requlrement to use
these buttons which ecan be dlseonneected in  favour of auremartie
gelection fac{lities within the generator.

As  this is a 125k¥ Generator, wmaxdsum benefir is derived by
automatically selecting the 90k¥ compensation at BOKY and the 125kV
cowipensation at 100kV. They can ¢of ¢ourse be altered to any other
values to sult Individual user preference.

B) 90kV Compensation

This is factory set to BOkV by adjustmeat of PI1 on Drawing 4037.

When the selected kV is below BOLY, the non-iaverting imput at pin 11
of OF AMP IC-B exceads the inverting input at pin 10.

Pin 13 output dis therefore high which switches transistor T3 ON +via
Quad Iatch IC-11 pins & to 2 and R42,

Relay K90 on Drawing 37608 {(coordinates F1l9) becomes energised with T&

collector/emitter curvemt and contact K90/1 on Drawing 3762C closes to
energlse relay 4609 In the Gecomat Electroniecs Module.
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9.4

9.4.1

When contact d60% closes, it short circuits the 90kV adjustment
potentiometer EH23 on the Gecomat U6 PCE.

Wilth P11 correctly set, the voltage on the ipverting Input on IC-B pin
10 will exzceed the voltage at the non-ipverting input of IC-8 pin 11 1f
the selected kV excecds 80KY.

Thiz will result in a low outpur from IC-8 pim 13 which in turn
unlatches IC-11 pina 4 and 2 to switch OFF T3.

Belay K9 in the R500 opens.

Relay db0% in the Geecowmst opens.

E6Z3 in rthe Gecomat 1s iInserted in ecireult to reduce film blackening to
the same level a3 the 60kY base denaity.

C) 125kY Compensation .

This is factory set to 100kV by adjusiment of P30 om Drawing 4037.

Wren the selected kV is belew 100kV, the non-imverting input at pin 9
of DP AMP TC-8 exceeds the inverting Input at pia B.

Pin 14 output is therefore high which switches ON transistor T4 via
Juad Lateh IC-11 pins 7 to 10 and R43,

Relay K125 on Drawing 3760B (coordinates F20) becomes energised with Té
collector/emitter current and contact K125/} on Drawing 3762C closes to

energise 608 in the Gecomat Electromics Module.

When contact d608 closes, it short circuits the 125kV adjustment
potentiometer RG24 in the Gecomat U& PBCB.

With P30 correctly set, the veoltage on the lnverting imput of IC-8 pin
B will exceed the voltage at the nonulnverting input of IC-8 pin 9 if
the selected kV exceeds 100kV.

This will result In a low output frem IC-8 Pin 14 which 1in turn
unlatches 16-11 pins 7 and 10 to switch OFF T4.

Retay K125 in the R703 opens,

Relay 4608 in the Gecomat opens.

E624 in the Gecomat 18 inserted in eireuitr to reduce film blackening to
the same level aa the 60kV hase density.

The kW/Time Overload Circuit

See Drawings 4037, 4039 and 4040
General

Figure 9.3 18 a simpliffed schematlic depicting the kW/time Overlead
cireuit when 50mA ig selected for tube type X.
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D.4.2

The two comparators IC~8 form the heart of the circuit.

TC-8 pins 4,5 and 2 is used to switch OFF relay 0AD via tranalatar TS
1f the tube overload paramerers are sxceeded.

-8 pins 6,7 and 1 is used to awltch OFF relay RPM wvia transistor Th
1f the normal speed cverload parameters of a high speed Ekube are
exceaeded. This inm turn sets the MCU to accept high speed stator
commanidg when the generator is swltched to radiography preparation.

The two ecomparators werk o the principle that a wvolrage analogue
directly proportional to selecred kV applied to the lnverting Inputs is
compared with a signal which 1ncludes a kv mmalogue PLUS a woltage
analogue proportional to selected mA and time. This sipgnal is applied
to the non—inverting Inputs and it is callbrated to switch OFF el ays
RFM and OAD if the mA and tiwe increments exceed the rating of the tube
for any selectad kV.

In the case of a high apeed tube, relay RPM would open first to awiteh
the syatem into high speed mode whem the normal speed vating 1is
exceeded and finally relay OAD will open when the high speed rating ia
exceeded.

Tt a normal speed only tube is deployed, relay RPM will be permanently
clased for normal speed operatlion and the efrecuit will be callbrated to

open Telay OAD when the normal speed tube rarlng is exceaded, In this
case, IC-% pin 6 will be permanently low which gpen circuite pins & to

4. Pull-up resistor R41 however ensures that T6 is held ON via Quad
Iateh IC~11 pins 14 and 1 2nd R4S,

The Quad Iatch 1C-11 latches the outputs to the state of the inputs
anly when pin 5 cloeck signal 1is held high. During radiocgraphy
preparation, the clock signal is takem 1ow te isolate the latch inputs
from wndesirable wvoltage transients during exposures. The outputs
therefore remain larched at their pre-preparation states.

The Calibration Networks

A resistance chaln comprising R3 toc R34 is connected to the gutput of
Voltage Regulator T1 (left side of Drawing 4039). It has 33 tapping
points which are connected to a solder pin matrix displaved on Drawing
4040, The correct kV analogue 1s chosen and galder pinned on this
wairix during ealibration,

With a constant 8 voltas applied to the above resistance chafin, it is
pessible to obtain 32 different analogue voltages In (.25 volt steps.
Each step equates to approximately 5kV.

Another resistance chaln cowprising R53 to R74 {right of Drawing 4039)
has 23 taps conneected to each position of the timer switch and also the
time matrix displayed ¢m Drawing 4040. NOTE that the 0.003, 0.006,
0.01, and 0.02 taps are at the same potential,
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0l TIME

GROUF X GROUP ¥ GROUP Z
50 TXA TYA TZA
100 TXB TYB TZB
200 TXC TYC TZC
300 TXD TYD TZD
400 TXE TYE TZE
500 TXF i TYF TZF
ma HTGH KV SHORT TIME ZONE ADITUSTMENT
50 KXA Kia KZA
100 K¥B KTR KZB
200 KLe KYC RZC
300 K¥D K¥D EiD
400 KXE, KYR KZE
500 KXF KYF KZF
ma TOW k¥ 5 SECOND PQINT ADJUSTHENT

GROTIF X GROUP Y CROUP Z
50 VXA VYA VZA
100 VB VYB VZB
200 VIC VYC VZC
300 VYD VYD VZD
400 VXE VYE VZE
500 VXF VYF VZF

TAELE OF HATRIX SOLDER FIN CONNECTIONS.
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9.4.2.1 High Speed Overload Calibration

If for example a particular high speed tube vatlng chart indicates that
125%V exiposurea are pertitted up to 0.2 secs at 50mA, the EXA tap oo
Figure 9.3 should be matrixed to 125kV on the kV divider chaln and the
TXA tap should he matrized to 0.2 sees on the time divider chain.

Tnis 1is the starting point and the next step is te eatablish rthe
overload kV assoclated with 5 gees. Tf In our exzample this happens to
be 70kV, rhe VXA tap should be matrixed with 70kV on the kV divider
chalin. :

In theory this should apply the analogue voltage output from the 123kY
tap to the $.2 sccond tap via the 50mA armalogue switch TC-2 pins 9 to 8
and the 5 eecond tap will complete the circuit baeck to the 70V tap via
the HmA analoguc switeh IC-2 pine 3 to 4. "

If the time switch is rorated from (.01 secs to 5 secs, the output from
the switch will remain reagsomably econstant up to 0.2 sees. Frum
theroon, the ouwtpur will progressively decrease.

The above output is applied te the non—ioverting input pin 5 of 1C-8,
thus with 125k¥ selected, the voltage at pin 5 should drop helow the
voltage at pln 4 only when 0.25 seconds and above are selected.

Thiz causes IC-% pln 2 to awing —ve and so switeh OFF tramsistor T3 and
wrimately relay OAD via Quad latch IC-11 and H&44.

At 5 geconds, the non—Ioverting input of IC-8 will be wery low with
respect to the loverting Input causing relay O0AD to remain de-snerglded.

If the kV however 1s reduced te below 70KV, then the inverting Input
should aswing to a value less +ve than the non-inverting input., This
will cause the output to swing +ve and so switeh ON translstor T5 and
hence relay OAD to clear the overlead. The full range of the tlme
switch 1s therafore only available at &9k¥ and below.

In practice, a2 certain amownt eof trial and error 13 iovolved hefore
correct  tube overload tracking can be achlsved because we oare
attempring to match a basically linear edreult to parameters which are
non-linear, The k¥ and time wvalues allocated to the matrices must
therefore be regarded as approximate.

Onee the initlal matrix points have been pegged, eg. In our example

EXA 125kY
TXA 0.2 secs
VXA 0KV

the following rules should be adopred:-
A, Select 50mA and 70kV.

B. Advanee Elme switch to 5 secs.
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. ad 1f overlpad does nor swicch ON, move VXA to a lower kV tap.
b If overload occura at 4 secs or less, mave VXA to a higher
kV tap.

0. Turn back timer switeh to (.01 sees, select 125kV and then advance
the timer to 0,25 secs.

E. a) If overload occurs early before D.25 gecs, move KJA Lo a
higher kV tap.
b} If overload oceurs late after 0.25 mees, move EXA to a

lower kV tap.

F. Repeat =steps A, B and { followed by stepg D, E and F untll the
70kY and 125V overload parameters are correct.

G Cheek the In-between k¥ values at 110, 100, %0 and 30%V.

H. If tracking dis poor at 110kV and 100kV, compremise with a
read justment of ¥E¥A and then re-check 70KV 2t 5 secs, £
necessary resdjuat VXA,

J. If traekimg 19 poor at kY and 80KV, cowmpromise wikh a
read justment of VXA md then re-cheeck E25kV at 0.25 secs. If
necedsary readjust KXA.

[ If cthere 15 still room for improvement at 110k¥ and 100kV,
readjust TXA and VXA for best compromise overall.

A sgpeclal calibration hoard is avallable at Regional level for trlal
and error adjustments before final soldering of the matrlx pins on the
R500 MaAX LOAD FCB.

9.4,2,2 Max k¥ Catllwatlien

For K-ray tubes that are capable of delivering 125kV aexposures vight up
to 5 secs, the ooly adjustment that is regquired on the overload PCR 1s
to limit the pgenerator outpat to 125k¥ max. The R500 is a 125KV
generator and must not be permitted to operate sbove this [igure. AL
500mA it is further rebtrieted to 100V In order to keep It inside the
overall 35.5 kW power output rating.

In cur 5{mA example on Figure 9.3, T¥A must therefore he pinned to 0.01
gecs and FXA and VXA shonld both be inttially planed to the 125KV tap.

If exposure blocking occurs at 125%V or less, KXA and VXA must be moved
upwards to a higher kV tap.

I1f exposure hlocking occurs at 127kV or more, KXA and ViA must be moved
dosmwards to a lower kV tap.
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When correctly setb, the outpat from tlme switch DE~B showld make the
non-1laverting input to IC-8 pin 5 lesa +ve than the inverting input to
pin 4 dhen the kV 1s increased freom 125kV ro 126LV.

This in turn activates the overload circuit by de—energising relay 0AD
via T9, R44 and Quad Iatch IC-11 pins 11/13.

9.4.2.3 Max Iwsad Calibration

At 500mA, the penerator is 1limited to 100KV. This must be taken into
accomt when consulting tube rating charts for the maximum allowable
k¥, eg. if a particular tube is capable of 125kV exzposures at 500mA,
then 1t muat bhe forbidden by settlng the KXIE and TXE matrices to track
the tube overload parameters from 100KV down (not 125kY dowm),

9,4,2.4 Normal Speed Overload Calibration .

&s repaprds normal speed overload adjustments, these are finalised by
adjustment of P19 through P24. They are shown on Drawing 4037 and
cater for 50m4 to 700mA adjustment 1n that order.

In cur 5mA example on Flgure 9.3, P19 is sat to enable the high speed
motor contrel unir when the normal speed tube overload parameters are
exceeded .

Increasing the resistance of P19 causes the non-inverting input of IC-8
pin 7 to decrease. With correct normal speed overload mia, kv and time
factors selected on the generator, P1% resistance Is increased to the
polnt where IC-8 pin 7 wolts Just becomes leszs than IC-8 pin & wolts,
This ecauses the output from pln 1 to swing -ve and so switeh OFF
transistor T6 and ultimately relay RPM via HS Select Analogue switch
IC-9 pins 8/9, Quad Latch IC-11 pins 14f1 and R46.

With relay BPM de-energlsed, the MCU is raised to the ready state [or
high speed Brator running followlng a radiography preparation command.

A detailed description is rontained In Paragraph 9.3.6.

NOTE If a normal speed only tube is deployed, P19 to P24 should
be turned fully counter clockwise and matrizes K, T and V¥
met be set up to the parameters contazined In the normal
gpeed tube rating charts.
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9.5

9

.3

.1

The Timer

See Drawing 3554, Drawing 3755B and Drawing 3761B.
General

A binary count—up timer dependent on eclock pulses derived from the
malne frequency is employed teo comtrol the exposure duration (see TC-1,
IC-2, IC-3 of Drawing 3554.

The clock pulse generator (IC-5 of Drawing 3594} shapes the 10 @8 wide
pulses Into a serfes of sguare pulses 100 uS wide at a rate of 1 every
10 m5. A&s these are derived from mains frequeney, they can only count
in multiples of 10 m5 £6r a 50 Hz =supply. {See Flgure 9.4 A, B, C.)

A synchro phasing cilreuit (W2, 22, IC—4 pins 5 & 6 of Drawling 3554)
generates half wave rectified pulses 10 w5 wide once every 20 mS which
in conjunction with the timer e¢logk pulses and an exposure command
signal sete a flip flop (IC-8 pins 1, 2 & 14 of Drawing 3554 to
initiate exzposures appraxlmately 1.5 m3 after the +ve going line phase
commences an excursion Into the —ve repion. Thiz 13 known as the
fFhasing—in period prior to the actual expose start. (See Figure 9.47.)

The 1.5 m8% delay time is made up as follows. The pualse generator
transformer TR1 (D'I:'awing 35547 iz conneclked e the 1ine aute
transformer to produce a waveform which {is in phase with the main power
supply as shown on Flgure 9.4 &, The resultant clock pulses (Figure
9.4 B, C, D, E & G} oceur approximately 1.5 m8 after the zero crossover
of the =-ve going waveform. In this way an exposure start hold-off
circult i aetivated as shown in Flgure 9.4 H, J & K, to start
exposdres only when the line phase 1s approaching zero crossover Just
before the next +ve golng excursion.

An adjustable monostable fexpose start delay IC-7 pins & & 5 on Drawing
3554} 13 arranged to hold off the actual exposure atart wmtil the line
phase has climbed almost into the positive vegion. The actual expose
start usually oceurs approxzimately 1 mS before zero crossover Im arder
ko produce adequate HT waveforms on the shortest time switeh setting as
geen In Flgure 9.5, eg 10 oS,

The firing order of the two S5CRs shown in Drawing 3755B is as follows:
10 m5 {L3 4+ve) to Il via SCRA & TR5 & switching cireults

20 w§ (1.3 +ve) to Il via SCRA & TR5 & swltching clreuita

then {11 +ve} +to L3 wvia TR5 & SCRB & switching cirecuits
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3.5

.2

Durlug the expogure, the decads count up Limer IC1 (umits), IC3 {tens),
102 (hundreds}) cowntse up the clock pulses 1o miitipies of 10 mS as
shown in the Table on page 9.34, 1f, for example, the set exposure
time Is (1,12 seconds, rermination will eotmence when Q1 of ICl and OO
of TCX both go high.

This In turn switches OFF rransistors T5 and I8 to produce a high on
the hase of transistor T3. With T3 uow ON, the STOP monostable IC7
receives a negative trigger pulse vla buffer IC4 pins 1 and 2, inverter
IC-10 pins 4, 5 and & and capacitor C15.

The putput at pin 2 of monostable ICT goes high for the perlcd presst
by P2 which hag an adjustable range of up to 12 mS.

When rcorrect]y set, the outpul from pin 9 of IC7 should go low Just
before zero crossover on the correct terminating phase. This will
complement the high on plan 9 of ICH with a high on pin 10 to change pin
4 to a low,

This will disable ewxpose start gate IC11 with a low on pin 5 whiech In
turn will ifwhiblt gate pulses to all S5CRs. The SCR which is condueting
will therefore extinguish at the zero crossover polnt of the phase
assoclated with the stop command.

Fxposure Synchro Phasing Stage

The primary of TRl is connected to the 2200 ac lines 143 and 141 (aee
Drawing 3761B bottom left).

From the above drawing it can be seen that lines 143 and 141 are
comrected tfo auto transformer TR1 via fuses 5 and 3 respectively on
Drawing 3755B.

The aecondary of TR1 supplies full wave hridge rectifier W2 which
provides wnsmeothed dec pulses for the clock pulse generator and
exXpodure synchro phasing stape.

The Expuoaure Synchro Phasing Stage is comnected across one half of the
full wave rectifier W2 and it comprises the following clreuit elements:—

R3, Z2, C7, part of hex inverter IC4 pins 5 and &, C64 and the J input
of JE flip flop ICB pin 14.

Half wave rectified pulses of pogsitive going amplitude are therefore
applied to plan 5 of IC4 every time the bottom ac input to W2 goes +ve
with respeet to the top ac input (see Flgure 9.6},

Zemer diode 22 clips the sinuscidal rising waveform at 12 wvolta ta
partially tidy and =square it up prior to final shaping by IC&, The
output from pin & of IC4 is therefore a aserles of perfeetly square
shaped inverted pulses 10 mS wide appearimg st the rate of one every 20
m3 az shown 1o Flgure 9.4 F.

(2450/1/0888) - 9.27 -



av

z2 Ygizv J_ (7

W2 INPUT IC4 INBUT Ife quTPuT

nzv/-'_‘n\
oy /—_\— ov _——

R o LR R L E e e R lan e T T P I LR




Chapter 9 - Sectlon 5
TECHNTCAL DESCRIPTION - TIMER

9

5.3

It should alsc be noted from Figure 9.4 A & F that the pulses only
chhange from 0 wvolts to +15 voltg every time the 1ine phase begins an
excursion into the negative repion. If an exposure command aignal is
pregent, the first +ve rising pulse which reaches pin 14 of JK fllp
flop ICB will enable it to lateh on a clock pnlse at pin 1 almost
inmediately afrer. This will trigger the 556 monostable ICT wilth a Tow
on pin & via Cl2. When the monostable time of approximately & mS has
clapsed, the ontpat from pin 5 should drop low to sztart the exposure
st before the line phase paases zero erossover during [ts climb Ingo
the +ve rogion.

In conclusion, the purpose of the Synchro Phasing Strage s Lo detect
line phase after it swings negative and to enable the Start Delay Stage
o commence exposuré just before line phase swings +ve again. Eg,
exposures tmiEt always start when L3 {s +ve with respeet to Ll.

Clock Pulse Genarator

Full wave rectifier W2 is alse used to generate clock palses
synchronised to the frequency of the hozpital power supply.

The cleck pulses are used to clock the Decade Countp Timer CD4O2Y,
integrated ecirveuits ICL (wmits), IC3 (tens) md 162 Chundreds).

A 12V Zener dicde 71 in conjunctien with Rl is used to partially tidy

and square up the full wave rectified ocutput pulses from W2 {zee Flpgure
9.4 B).

From Figure 9.4 € it can be sBeen that these pulses are lnverted and
perfectly =square at pln 4 of IC4.

Figure 9,4 D shows the above waveform after differentiation by £9, and
the & volt seeking pulsas are used to trigger 2 530 wmongstable ICS o

produce a series of narrow 100 mS pulses once every 10 mS as shem In
Fipure 9.4 E.

The above clock pulses are conveyed to the Fxposure Timer srart gate
IC1L pin 13. Pin 2 is reset high when the decade timer i oleared
following an exposure command. Pin 1 goes high wheo the decade timer
ig cleared following an exposure command. Pin 1 goes high only when
the ¢ output of JK flip flop ICH 13 set high following an expose
command when red phase has passed zero crossover into the -ve reglon.
When IC1l gate 1s enabled, the inverted clock pulses from pin 12 clock
the decade countera om the rising edge of the 100 m5 wide pulses. The
Decade Timer elock pulses wiil be similar to those shown In Flgure
9.4 G,
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9.5.

&

Expose Start and Expose Start Delay

Transformer TR? on the bottom lefr of Drawing 1554 recelves 220W ac
expose start commands from the Bucky clrewits in Trawing 3761B. During
EXPOSE, the 22V aec output from TR2 13 full wave rectifted by W3 and
smpothed by RIG, €5 and €6, A zener dicde Z3 i included to ellp the
wave form at 5.1 volts and so Faellitate smoothing wich smaller alzed
camacitors.

With 5.1 wolts across R11 and R97, transiator T2 switches ON Lo make
pin 13 of 104 low. The high from pin 12 of TIC4 travels along the
hottom of Prawing 3554 to pin 11 of ancther inverter on IC4 to clear
the three decade cowmt up ICs 1, 3 and 2.

Coming back to the bottom of Drawing 3554, the high on IC4 also
continues right across to the far tight of the drawing where lr enables
the RS latch comprising ICY9 pims 1, 2 and 3 and ICY9 pins 4, 5 and &,

The latch is im the Circult Breaker Stage which detects exeessive
primary HT current during expose and alse X-rvays before or after the
set exposure time when the expose button is pressed.

Looking back to the left of Drawilng 3554 the low exposure command
signal from IC4 pin 12 1is alsoc applied to pin 4 of WAND Gate ICH. Talis
enables the elock pulses from the Clock Pulse Generator 5tage fo clear
and trigger the JK filp flop IC8, Data on pin 14 J input immediately
get transferved to the O output (pin 12) and so the ¢ and bar Q outputs
bocome hilph and low respectively.

The high @ output enables the exposure tlmer start gate IC1I ac pin 1
when pin 13 is ralsed high by a timer clack pulse. FPin 2 was set high
following the expose start clear pulse to the decade timers IGL, IC3
and TC? at each of their respective pin 1 PE Inputs. This restored the
03, 92, 01 and QD ourputs on each chip all IDOW and transisror T3 was
switched OFF to clear the timer start gate ICL1 pin 2 high via IC4 pins
i1 and 2 and 1610 plas 4, 5 and &, TIC11 pin 12 therefore outputs clock
pulses ta ICL pin 15 and it starts counting., On the comt 10, a ooe 1s
carried forward from pin 7 into IC3 pin 15 sand so the cycle repeata
icself with a carry from ICl every tenth coumt imtil IC3 becomes
filled. On the hundredth count a ¢me 13 carried from pin 7 Inte pin 13
of IC?2 and so the sequence continues. IC2 will never become full
because the maximum time selectable by the timer awltch is 5 seconds.
This ia binary will be 0101 0000 0000 which eguals 500 counts al the
tate of ope count every 10 ms = 5300 mS.

The low § output from JK flip flop IC8 triggers monostable 1C7 via
capacibor C12Z. Pl is adjusted to start the exposure Just before zern
crossover mn a rising +ve phase (see Flgure 9.4 K and Flgure 9.5},
Fotentlometer Pl has an adjustable tange of up to 6.6 wS and when
correctly adjusted the start of the kv waveform should resemble the
corTect example showm in the 50 mA waveforms inm Flgure 9.7.
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25.5

The gutput of monostable IC7 therefore pulls pin 5 low ar the end of
the delay period to enable the expose start pgate ICIL pin 3 high via
Inverter ICLG plpas 1, 2 and 3. Plns & and 5 are already high om
account of the high § output from IC8 amd the high timer clear oatput
From ICK pin & resultlng from the low on IC4 pin 2.

The low output from IC11 pin 6 is now Imverted by ICHD pins 12, 13 and
11 to start the SR driver oscillater wvia the Gecomat Gating Circultry
conprising IC10 pins 10, 9 and 8 and IC% pinms 12, 13 and 11.

Normally edge connector 44 ping 1 and 2 are low when the Gecomat is
switched OFF which makes pin 9 of IC1G high. IC10 pin & 1s therefore
enabled low on reesipt of a high exposure GO signal from ICI0 pin 11.

The low from ICL0 pin B is passed alemg the top of Drawing 3534 to the
SR driver oscillater elreuitry and the 5CR gatink circults are also
enabled with a high from ICl4 pinm 6. This high Iz also taken out fto
edge connector Ad4 pln 6 which is uwseful for checking the exposure timer
with the aid of a CRD. It should be noted that the measured time at
this point is usually between 1 and 2 m5 longer than the indlcated time
berause of the phasing In time lag to switch ON the red phase start SCR.

5(R Driver Oselilator and Gating Circuitry

The Driver Ogeillator is a growp of three lonverter buffers comprising

1615 pina 3 and 4, IC15 pins 5 and 6, and ICL3 pins 13 and 12 close
loop coupled with R36 and C19 acting ag the 2 ¥Hz RC network and R35 as

+ve feedback drive for the oscillater imput at IC15 pin 3.

During standby the oacillator i1s disabled with a low frowm buffer IC15

pin 2 which forward biases D67 and maintains a steady low at the
osecillator Input (IC15 pin 3).

To start an exposure pin 1 of IC1S goes low and the resultant high on
Pin 2 reverse blases DR7.

The bottom end of G19 is charged positive with respeet to 0V and it is
now free to 1ift the osecillator input high at IC15 pin 3 which In turn
causes pla 12 of IC15 ro swing low causing €19 to discharge through
R36. This procesa brings about a high on IC15 pin & whieh charges up
Cl% with +ve at the top and -ve on the bottom.

The -ve charge applied to ICL5 pin 3 via B35 now nakes TC15 pin 6 low
and IC15 pin 12 high thes €19 is forced rto discharge and become
recharged ooee more with the bortom plarte +ve and top plate -ve. This
cycle of events eontinues at 2 kHz for a3 long as an exposure command
signal is present on ICI5 pin 1.

The osecillator output drives buffer IC15 pins 11 and 10 afrer which the

pulses are 1lntegrated before transmission to IC12 pln 5 gate wia buffer
ICl plns 9 and 8.
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With IC12 gare enabled with a high em pin 4, 2 kHz pulses are
transmitted from IC1l2 pin 6 to pin 1 of buffer IC14. COutput pin 2 of
IC14 pulaes tramsistor T19 ON and OFF and the resultant osciilating
curtemt In TR3Y primary generates an alternating wvoltage 1o each
Becondary having a magnitude of hetween 1,5 and 2 volts to drive the
SCR gates,

The first SR to fire is always S5CRA in Brawing 3755B.

Exposure Decade Count Up Timer

The G3, 02, Gl and QO outputa of the three CD4029 integrated civcuils
Il {wnits), I3 (tens} and IC2 <{(humdreds) are comnnected to the
enitters of tramsistora T4 to T27 respectively.

A decoder matrix of diodes connects rthe bases of these transiastors to
the time awiteh,

Normally the 03, G2, 01 and Q0 oubputs of the three timers are low thus
the transistors which are selected by the time switch matrix will he 0¥
and their eollecrors will forward bias thelr assoclated diodes. If any
0f these diodes (D4 to D27) are forward biased then tramsistor T3 will
be switehed OFF, to clear the exposure start and rimer start gakes,

The truth table for the decade timer is shewn below, thus if .12 mS is
zelected by the timer switch, tramaistors T5 ¢(Ql of TC1) and T8 (g0 of
IC3) will be switched on via the diode matrixz decoder.

When the exposure commences, clock pulses will be applied ko IC1 and 1t
will comt up binary fashion as shown on the table.

On the second count, QI of IC1 will go high to switch OFF transistor T5
but transistor T8 1a still ON to hold the base of T3 low via D13. It
will also be seen that T35 goes OFF three tlmes becanse 01 of IC1 goes
high at §.02 seconds, 0.03 secemds and 0.06 seconds.

At 01,12 seconda, however, both transiastors T5 and T8 switch OFF because
Ql of IC1 and Q0 of ICI are both high tagether.

Diodes D7 and D13 in consequence both atop conducting, causing the base
of transistor T3 to go high.

With T2 now ON, pin 2 of IC4 goes high to produce a low on ICLO pin 6.
This low triggers pin B of the stop monostable ICT via C15 ko make the
output at pin 9 high for the time period preset by P2 which is
approximately 6 mS.

During this & m5, the exposure stop commsnd malntains g high on ICH pin

9, but the low on pin 10 only lasts for the duration of the monostable
dElaYb
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When the menostabhle resets, the correct exposure termlnating phase
ghhanld jusl be approaching zero ¢rossover.

Whenn this occurs the output pin 9 of monostable IC7 will return to a
low causing IC6 pin 10 to go high.

The resultant low from JC6O pin B will dizable the euxposze start guate
1Cil with a low on pin 5. This disables the SCR drive oselllator and
gate pulses to all  S3C0BE cease. The conducting SCRa therefore
cxtinguish at the first zero crossover point following cessation of
gate pulses.

IC2 HUNDREDS i I3 TENS IC1 {INITS

(x 10 for mSeca) {x 10 for mBees) fx 10 for mSecs)

SECS B0 400 200 100 8) 40 20 10 8 4 2 1
Q3 02 Q1 QO a3 Q2 QL Qo Q3 2 qQl Qo

.01 { D 0 0 (H 0 0 H 0 { o 1
L2 n ] y] { 4] 0 0 0 [ 0 1 i}
L0300 0 0 0 o o0 ¢ o0 a 0 1 1
L4 0 0 1 0 0 1] O O 1} 1 o 0
A5 0 B [ 1} a 0 o 0 0 1 1 1
L5 0 0O O 0 ] a 0 0 1} 1 i 0
L8 0 0 0 0 0 o 0o 0 T a0 0o 0
.1 0 i 0 0 o0 0 0 1 o a9 0 0
200 0 0 0 oo 0 1 o 0 1 @
16 0 0 0 0 { 0 0 1 ) 1 1 0
.2 o ] ] 0 o o 1 0 g 0 o D
25 0 0 0 N ] 0 1 0] 0 1 i 1
+ 3 0 0 0 q B i} 1 1 0 0 ] G
G ] 0 a 0 o 1 0 0 ¢ o o o
.5 0 ] ] 0 o1 0 1 g 0 & 0
] 0 0 0 0 0 1 1 o0 0 O 0 ]
B a 0 4] 0 1 0 o 0 O 0 0 9
1.0 0 0 0 1 g 0 0 0 o 0o 0 0
1.2 ] 0 0 1 1] 0 1 4] 0 0 0 ]
1.6 0 0 0] 1 a 1 1 a 0 0 0 0
2.0 0 0 1 0 [B] 0 0 [B] Q O 0 0
3.0 0 0 1 1 1} 0 0 ] 0 0 0 i
4.0 0 1 1] B 0 0 0 0 g 0 0 e
5.0 0 1 0 1 0 0 0 0 d 0 0o 0

TRUTH TABLE FOR DECADRE COUNT UP TIMER
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ln conclusion it should be ohserved from Figure 9.4 A & E that the
decade timer can output a stop command only when Jipe phase 1
approaching a peak in the -ve direction or approaching a4 peak in Eie
+ve direction.

The stop monostable Iz adjusted to delay thia stop command until the
correct exposure terminating phase I3 very close to zero crossover.

4 perusal of the 20 mS example in Flgure 9.5 should make it clear that
i1f the stop monostable delay time is adjusted too lemg, the exposure
wotlld terminate 10 mS top late because 5CRA would fire again when line
prrasze changed from -ve to +ve on the third half eyele.

Fotenviometer B2 is therefore the fine adjustment for expusure times
and in pur 20 m§ example there sheuld be 2 peaks in the LV wavefornm.
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9.6.1

'Ehe Electronic Cirecult Breaker

Drawing Nos. 37558, 37534, 35534 and 37674

Derivation of the Fault Detectlon 5ignal

On drawinpg 37558, thers is a heavy duty curcent transformer TRZ o
serics with the Tl line supplylng rhe HT transformer.

The secondary winding for the above current transformer is displayed on
drawing 37594 ad the output is full wave rvectlfied by W24 Ia the Timer
PCB to provide & de voltage proportlonal to HT drive cuereat.

This signal 1% used te activate an electronic senslng ciruit mounted on
the exposure time peb. {see drawing 3554)

When this elrewlt is activated, 1E energises the circult breaker BR
which 1in turn disables the main line contactor CL to Isolate the
generator from its power supply. (sce drawing 37674)

The electronic civeult breaker is activared whenever any of (fhe
following abnormalltles oeoruri-

4. Tube overeurrentc

i 1f » 50m4 exposurc cxeeeds  BOmA 0% excess
i1 1f a 100mA exposure exceeds 150mA 50% excess
tii Tf a 200mh exposure cxceeds 280mA 40% excess
1v  If a 300mA exposure exceeds 400mA 33% excess
v If a 400mA exposure exceeds 500mA 259% exceas
vi If o 500mA exposure exceeds 600mA Z0L excess
B Frcessive HT primavy current

Any other overload which would cause excessive HT drive current
during radiography mode of eemtrol, eg. faulty primary switching
elrcuits, faulty HT tank, faulty HT ¢ablea or faulty T-ray tube.

C X-rays cutside exposure

The expose push butten must be pressed to detect this fauylt and it
will oceur either during the phasing in period prior te the start
of a radicgrathic exposure or immedlately after the timer has
terminated the expostre. (Shorted SCRs s the wsual symptom.)

During standby, thiy fault should mnot happen because FPrep
contactor PGA fzoclatea the S5CRs from the drive cireuits.
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9.6.2

9.6.3

The Fault Detectlon Signal Attenuation Network

For overload sensing purposes, the signal from rectifier W24 in Drawing
37594 muwst be attenuvated whenever the selected maA 18  increased,
otherwise the preset 50mA4 tube overload sigmal would activate the
clreuit breaker 1f 100mA or meore is gelected.

The correct level of attenuation i1s therefore preset by each of the
following multipliers :-

ShnA selected - R43 with P3 preset for 80mA maximoum
100mA selected - R44 wich P4 preset for 150mA maxlimum
200mA gelected = R45 with P5 preset for 280mA maximum
I0mA selected - R&6 with PB preset for 400mA mazimum
400mA selected = R47 with P7 preser for 500mA maximum
500mA selected - R48 with PB preser for 600w waximum

In practice, the above potentiometers are factory set to produce the
following voltage levels across Zener Z7 during normal expasuces.

50m& P3 set for 7.6V across 27
100ms, P4 set for 6.6V across Z7
200m&  P5 ger for 7.2V acroas Z7
300mA P66 set for B,0V acroas E7
400mA P7 set for 8.4V across 77
S00m& P8 set for 9.0V across 27

With the above potentiometers set as shown, the circuit breaker should
trip off line when the aslected mA value 1s raised to its assocfated
overload value. Zemer Z7 protects the integrated cireuit from voltage
levels in excess of +12 volts.

Integrated Circulr Degcription

The top pair of o¢perational amplifiers TC13 (centre of drawing 3554)
are assigned to detect excess current during radicgraphie exposures.

The bottom palr of operational amplifiers on ICL3 are assigned to
detect X-rays outside expogsure.

Hote... that on early versions of drawing 37594 these Op Amps are

Incorreetly desigonated TIC15. Ia all cases drawing 3554 should he
congidered ax the master. Flease therefore amend drawing 37594

accordinglv.

The potential dividing chain R52, R51 provides a reference voltage of
gpprox 10 volrs to Invertlng pin & on IC13.

The output from pin 14 of IC13 can therefore only change state when the
overload signal voleage developed across Z7 exceeds +10 volts.
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Normally this signal 18 in the reglon of 6 to 9 wolts and in this
state, the sutput from ICL3 pin 4 1s msintained low at 0 wvolts de.

Another potential dividimg chain R4%, R5} provides a reference of
approx +2.3 volts to inverting input pin 10 on IC13.

As Lt does not require mach tube emmission mi to 1ifr the signal level
across 27 in escess of +2.3 volts, IC13 pin 11 should always be more
+ve than pin 10 when X-rays are being pgenerated in radlography mode .
In this atate 1013 pin 13 should always output a high +15 wolts.

9.6,3.1 Normal Operation

The HT drive signal voltage developed aeross Z7 during a normal
radlograph will be somewhere between 6 and 9 volts.

This 1is not sufficient to have any affect on the tep lefr Op 4mp ICL3
plns 8, 9 and 14 and so the output through R53 to pin 4 on the top
right Op Amp IC13 will remain low to maintain the output from pin 2
high.

The lower laft Op fmp on 1C13 pins 11, 10 & 13 will however change
state following the commencement of a radicgraph because the HT drive
signal vises in excess of the 2.3 volt reference voltage at IC13 pin
10, The output from IC13 pin 13 will therefore lift pIn 12 on NAKD
gate IC12 high.

Pin 13 oo IC1? was however taken low by the timer =start signal C X-ray
and go output pin 11 stays high and in consequence has no affect om the
hottom right Op Amp in IC13 pine 7, 6 and 1.

The other asection of NAND gate ICIZ which follows alse remains

unaffected with a high on both iaput ping 1 & 2 to malntain a low
putpuk from pin 3. Thisz low 1s passed to pin 10 on one of the NAND
gates 1o ICY to hold its ourput pin 8 high.

109 pins 5, 4 & & together with IC9 pins 2, 1 & 3 forms an RS flip Flop
with pins 5 and 1 acting as the R and 8 inputs and pin 6 and 3 acting as
the ¢ and Q outputs respectively.

The truth table for an RS flip flop is teproduced below

R 8 Q Q
L L HOT ALLOWED
L I. 1 L
B L L. H
H H K3 CHANGE

TROTH TARLE POR AW RS FLTIP FIOPR
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Prior to the exposure, the C GR signal was low and the state of the E
and § inputs was high and low respectively. From the truth tahle, this
should make the @ output from pin 6 low to hold transdster T18 and
relay BE OFF.

The ¢ GR slgnal 1s the actual expose start regquest and Is derived from
the Bucky start circuit. This salignal goes high when a radlograph is
reguested and lifts the § input to IC% pin 1 high. It can thus bLe
readily concluded from the truth table that if the 3 input is 1i fted
high while the R input is maiIntalned high there will be no change In
the state of the outputs. In this way it should mot be possible tao
energise relay BK during a normal radicgraphic exposure.

The R input to the RS flip-flop is gated through ICY9 pians 10, 9 & 4.
43 already stated the outpur at pin 8 i3 normally high and remains in
this state wmtil a fault condition occurs. As -will be seen later, a

fault eondition will foree input pin 10 high, ro output a low from pin
8.

There 13 however a requirement ito ensure that the [1ip-flop sckbles
into the RESET state every time the generator 1s switched 0ON. If the R
input is forced high automatically during switch ON, thea this
prerequisite will be pguaranteed every time with the § outpur always
gettling to a low. HReecall that the § input s alwayz low unless a
radiographic exposure i3 ordered.

This automatic reset 13 obtained by comnectlng the junction of RC
netweork R63/C24 to pin 9 on the preceeding WAND gate IC9.

At switch ON, €24 charpes up and pin 9 is drapgped low during rthe
charging process. This guarantess a high from ICY9 pin B which ensures
that the R iaput of ICY pin 5 is held high during switch ON in order ko
force the flip-fleop into its resst state eg. § output low, Q bar ocutput
high.

After C24 has charged, pin 9 of ICY assumes a permanent high level and
the RS flip-flop 1a then free to follow the laws of the circuit.

During standby prior te an exposure, the bottom left OF Amp ocutputs a
low from pin 13 to maintaln the high at pin 11 of HAND gate TC12, This
prevents the lower right Op Amp in IC13 from champging stare and In chia
way the RS flip—flop is held in the reset condition.

9.6.3.2 Overload Iuring Expesure

If an overload situation occurs during radiegraphy, the HT drive signal
developed acreoss 27 will rise In excess of +10 volts to change the
state of the rop lefr Op Amp IC13 pins 8, 9 & 14.
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Pin 1% in consequence will be driven high to lift pin 4 of the top
Tight Op Amp Nhigh which then outputs a Tow from pin 2 ko change the
sbate of the following NAND gate in TC12 pins 1, 2 & 2.

The high from pin 3 causes pin 10 o the next gate in IC1Z to seeck high
ad with pln 9 en this gate also high, it will output & low from pin 8.

In this way the R iaput to pin 5 of the RS flip flop contained in IC9
1s changed to z 1omw which camses the outputs to change state.

4 perusal of the truth table should reveal that 2 low R laput and a
high § input produces a high from pla 6., O output.

Transistor TI8 In econsdquence will turm ON to energise relay BK which
degetivates contacter CL to switch the generator OFF line.

Reeall Ehat the 5 input pin 1 on ICY was rtaken high by the expose order
from the Bucky start circuit.

9.h.3.3 ¥-rays Outside Exposure (Premature Switching of SCHs in  Faunlt
Situatiom)

If the radiography expose button 1s pressed {(C GR hipgh) and the
cxposure commences during the phasing-in period prior to the timer

eommand to the SR switching gates (€ X-ray high), there will be a
normzl. AT drive slgnal across 27. That is to say, it will be In the

safe region of between 6 and 9 wvolts de.

This is insufficient ko chmmge the atate of the top lefr Op Amp in ICL3
which has a +10 wvolt reference connected to pinm 8., Tt is however, more
than sufficient to exceed the +2.3 wolt reference applied to the botrfom
lefr Op Amp in ICLE, and pin 13 will now output a high ta pin 12 on the
following NARD gate in IC12.

The timer Is still phasing itself in and has not as yet enabled the 5SCR

gating circults so the C X-ray sipgnal to the other ifmnput on IC12Z gate
{pin 13) remains high.

With two highs present at its Iaput, pin 11 will swing low to change

the state of the bottem right Op Amp in IC 13 causing it to cutput a
low from pin 1.

Following this low to WAND gate pins 2, 1 & 3 omn ICl2, there will be
another change of state with pin 2 now low and pin 1 remaindng high to
output a high from pin 3.

The pln 1} smd pin 9 inpurs m the next gate in ICY% will now both be
high and putput pin 8 will In consequence swing low.
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This sinks the R Input to pin 5 of the RS flip-flop in ICY% low. The 3
input at pin 1 13 maintained high by the expose crder C GR sipgnal thus
if R swings low and 8 remains high, the §Q output from pin & musr change
skate to a high (refer ta the truth table).

Agailn Tranasistor T18 and relay BEK will turn on to switeh the generator
OFF line.

9.6.3.4 ¥-rays Outalde GExposure (5(Rg Remaining 0¥ After Exposure
Termination)

In this sirvation, the ¢ X-ray signal wlll rise to +153 volts
immediately the tlmer attempts to terminate the exposure (end of set
exposure time). .

If the expasure button is stlll preszsed, Z7 will-continue to receive a
normal HT drive signal from the fault detectlon network and the bottom
left Op Amp in I€1Y will carry oa outputing a kigh from pin 13.

The following NAND gate in ICIZ will now be enabled with high logic
levels on both Input pins 12 and 13 causing the output at pin 11 ro
gink low.

This in turn will enable capacitor C25 to discharge into this low via
R58.

After a shert delay, pin 7 om the bottom right Op Amp 1in IC13 will
become sufficiemtly low to change the state of its cutput from pin L.

This output which is now at 0 wvoits de, is applied to pin 2 input of
another NAND gate in If9 and congequently the output from pin 3 musr be
forced high.

The following NAND gate in ICY9 ping 10, 9 & 8 will now be enabled to
produce a lew from eutput pin 8, which In turn sinks the R imput to pin
5 of the RS flip-flop low.

The § input at pin 1 {is still high wnder the iafluence of the T GR
gignal from the expose order elrcults and ome final perusal of rthe
truth table will confirm that the § output from pin & 1s agaln raised
to the high set state which In rurn enables tramsistor T1§ and relay BK
to switch the generator OFF line.

Under normal clreumstances, ©25 is in cireult toe hold pin 3 om the

bottom right Op Amp 1in IC13 high during the dead tlme rthat elapses
following an  ezposure terminatlon  command asmd  zero  cross-over
extinction of the ecemducting SCRa.

Without this sheort delay the bottom right Op Amp In ICLY would change

state and activate the ecircult breasker before the S5CRs get time to
awiteh OFF.
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Wen the 5CRs filnally extinguish, the fault detection sigoal applied to
77 md pin 11 of the bottom left Op Amp in TC13 drops to below the +2.3
valt reference at pin 10, causing the output from pin 13 to swing low.

The output from pin 11 om the NAND gats in 1012 which follows, 1s thus
forced high to walntaln the high stored momentarily by £25 on pln 2 of
Che bottom right Op Amp in IC13. €25 also gets rapldly recharged via D70
in preparatiom for the next exposure.

It should be borne in mind that the other input pln 13 on IC1Z goes high
with the oxpose terminate signal € X-ray which occurs before SCR
axtinction. The output from pin 11 of IC1Z is therefore pulled low
during this dead time and without (25, the X-rays fault detecrtion signal
applied to Z7, would trigger wnwanted ¥-rays after exposdre shut down.
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ASOD Series 2

R5O0 Series 2
TLIBE SELECTED

HS150 INTERFACE B
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SECTOGRAPH 40 ATTACHMENT

FITTING AND CONNECTION DETAILS

i ON THE MAIN JUNCTION BOX PAXOLIN TERMINAL BOARD, MOUNT THE
RELAY ADJACENT YO TERMIWAL 210.

P WIRE THE COM OF THE RELAY TO TERMINALS N AND 208
ifl WIRE THE POLE OF THE RELAY COMTACT TO TERMIMAL 134
iV WIRE THE NORMALLY CLOSED CONTACT TO TERMINAL 209,
¥ WIRE THE NORMALLY OPEN CONTACT TO TERMINAL 210.

Vi YRAMSFER TABLE COMNECTION 124, LOCATED O TERMINAL 134,
TO TERMINAL 209

Vil CONNECT TERMIMAL 123 ON THE TABLE TO TERMINAL 210,

¥l i FROM THE SECTQ CONTROL BOX, WIRE TERMINALS 103 AND N
TO TERMIMALS 20B AND N ON THE WALL BOX.

RRO0-2 SENATE TABLE
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