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Introductory remarks

This document, which is developed by the International Society of Radiographers and Radiological Technologists
(ISRRT) under the umbrella of the WHO Global Steering Group for Education and Training in Diagnostic Imaging,
is the second in a series targeting technical aspects, including quality control of diagnostic imaging services. The
document is primarily aiming at assisting radiographers and radiological technologists working in small and mid-
size hospitals where resources often are limited, to optimize and improve diagnostic imaging, and to ensure the
best possible use of resources according to local needs.

The document can be obtained by contacting the following address:

Team of Diagnostic Imaging and Laboratory Technology (DIL)
World Health Organization
20, Avenue Appia
CH-1211 Geneva 27
Switzerland

Fax: +41 22 7914836
e-mail: ingolfsdottirg@who.int

Harald Ostensen, MD
Geneva, July 2004 
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MODULE 11.0

Automatic film processor

Contents

a. General precautions
b. Preparation for maintenance
c. Daily maintenance
d. Weekly maintenance
e. Monthly maintenance
f. Quarterly maintenance
g. Annual inspection and service
h. Replacement parts schedule

Equipment required

■ An accurate thermometer (alcohol or electronic).
■ Hydrometer.
■ Sensitometer. (Or pre-exposed sensitometry film). *
■ Densitometer. (Or processed reference film for 

comparison purposes). **
■ Chemical stirring rods. These may be stainless steel

or PVC. Important; the rods should be labelled
‘developer’ and ‘fixer’ to prevent cross contamina-
tion of chemicals.

■ Measuring cylinder. Graduated 100 ml glass or
plastic container.

■ Sodium hypochlorite bleach. (For monthly 
maintenance).

■ Tank cleaning brushes, one each for developer and
fixer tanks.

■ Scouring pads. (Plastic or nylon type).
■ Clean disposable cloths.
■ Clean hand towels.
■ Plastic bucket.
■ Mop.

* A packet of pre-exposed sensitometry films may be
obtained from the film supplier.

** A previous processed sensitometry film may be used
as a reference.
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Aim

The aim is to provide routine maintenance procedures
for the automatic film processor.This module presents
a series of regular maintenance schedules.When used
with sensitometry techniques, this module can be used
to implement a quality control programme.Repair pro-
cedures for the processor are provided in module 11.1
page 199.
(Note: Reference module page numbers refer to the
title page.)

Objectives

A processor maintenance schedule should be followed
regularly. Performing this maintenance will ensure
optimum quality of processed films, and allow detec-
tion of problems before they become serious. On com-
pletion of this module, the student will be familiar 
with maintenance procedures for the automatic film
processor. These procedures should be used together
with the maintenance instructions in the operators’
manual. A routine maintenance check-sheet is pro-
vided in appendix ‘D’ page 186.

Note: This module is based on the procedures pre-
viously presented in the ‘Quality assurance workbook’.
As reference is made to sensitometry techniques, this
section from the WHO Quality assurance workbook is
included in appendix ‘A’ page 163.



a. General precautions

● Before removing any panels, ensure the processor
power is switched off. The processor power isolation
switch should also be turned off.

● All adjustable settings of the processor should be
recorded. This especially applies to microprocessor-
controlled systems. These have a large number of
settings, or options, and may develop an error. For
example, after a power failure, or due to incorrect
adjustment.

● The following items should be available for personal
protection.
i. Plastic apron.
ii. Coat to protect clothing from chemical splashes.
iii. Rubber gloves.
iv. Protective glasses and mask, to protect the face

from chemical splashes.
v. An emergency eye kit should be available in the

darkroom.
● Do not wear long loose clothing; this may become

caught in the rollers.
● Ensure that the darkroom is adequately ventilated.
● Clean up any spills or splashes.

b. Daily maintenance

● Before start up.
This assumes shutdown procedure was not perfor-
med, or the processor has been idle for some time.
i. Remove processor lid.
ii. Remove crossovers, and wash in warm water,

with a sponge or plastic cleaning pad. (Always
do developer first, then fixer, to avoid con-
tamination of developer.)

iii. Wash tank covers and splash guards.
iv. Wipe over all rack rollers that are above 

solution levels.
v. Clean interior exposed surfaces.
vi. Check replenishment tanks/bottles levels.

Check for unusual colour or smell.
vii. Check replenishment hoses for possible leaks

or kinks.
viii. Replace the water drain standpipe, if 

appropriate.
ix. Ensure the wash water drain valve is closed.

(Some processors may be fitted with an 
automatic drain valve)

x. Turn on water, and check that wash tank is
filling. Time water flow if necessary.

xi. Note. Depending on make and model, water
flow will not commence until the unit is
powered up.

xii. Replace crossovers, and tank lids.

● On start up.
i. With the top cover removed, switch on the

processor.
ii. Note. Some processors have sensors, or

microswitches, to ensure the cover is correctly
fitted.With the lid off, you will need to activate
these switches manually.

iii. Listen for any unusual noise or vibration.
iv. Check film transport system. Ensure all rollers

are operating normally.
v. If not previously filled, check that wash water

is now filling correctly.
vi. Check replenishment system is working.
vii. Replace processor lid.
viii. Feed in one unprocessed 35 ¥ 43cm film as a

clean-up film.
Note. Do not use processed film, as these are
harder, and contain fixer.

ix. Inspect processed ‘clean up film’. Feed in a
second film if necessary.

x. Clean exterior surfaces, including feed tray and
receiving bin. Pay extra attention to the feed
tray.

xi. Wipe over all darkroom surfaces.
xii. When the processor has reached normal oper-

ating conditions, a routine sensitometry test
may be carried out. See appendix ‘A’, page 163.

● Normal working.
i. Follow manufacturers operating instructions.

(Read the manual.)
ii. Be aware of any changes in operation, noises,

leaks, or deterioration of processed films.
iii. Do not pull processed films out till they are clear

of the rollers.
iv. Always wait for the ‘ready’ signal or light before

feeding the next film.
v. When feeding films, insert the wide side as the

leading edge.The film should be lined up against
one side of the tray, not in the centre.

vi. Do not allow anyone to stand next to, or lean
on, the processor.

vii. Ensure the darkroom ventilation is correct, and
there is no build up of humidity or fumes. This
especially applies where a bench top processor
is used.

● On shut down.
i. Remove processor lid.
ii. Note. Some processors have sensors, or

microswitches, to ensure the cover is correctly
fitted. With the lid off, you will need to 
activate these switches manually. Some pro-
cessors have several lid safety switches.Please
refer to the operating or service manual.
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iii. Observe transport system.
iv. Listen for any abnormal noise or vibration.
v. Observe level of solutions and wash water.
vi. Switch off.
vii. Look for any leaks.
vii. Remove and wash all crossovers, splashguards

and tank lids.
ix. Wipe over all rack rollers above solution level.

(Always do developer first, then fixer, to avoid
possible contamination of developer.)

x. Inspect and wash roller drive-cogs and drive
mechanism where appropriate.

xi. Replace tank lids. (Do not install crossovers.)
xii. Turn off wash water, if appropriate.
xiii. Remove water drain standpipe, if appropriate.
xiv. Wash off all chemical splashes on interior

exposed surfaces.
xv. Wipe any splashes from exterior surfaces.
xvi. Replace processor lid. Leave it slightly raised

at one end, to avoid build up of fumes and
condensation.

xvii. The darkroom door should be left open, with
the ventilation fan operating. (Depending on
power constraints.)

xviii. Place crossovers on top of processor, with
drain standpipe if appropriate, and cover with
a cloth; or store in a cupboard set aside for
that purpose.

xix. Observe levels of replenishment tanks. If
required prepare a fresh solution.

xx. Observe stocks of films, chemicals, or other
depleted supplies.Restock or order as required.

xxi. Record all restocking.
xxii. Report any problem or fault areas. See

module 11.1 page 151.
xxiii. Update the logbook

c.Weekly maintenance

● Follow manufacturers’ recommendations.
● Perform a sensitometry test. (For best control, this

should be performed as a daily routine.)
● Check solution temperatures, in particular devel-

oper temperatures. This is usually around 34~36
degrees Celsius
i. Note. Allow time for the temperature to fully

stabilize first.
ii. Compare with any readout on the processor

panel, and manufacturers’ recommendations.
iii. If outside the specified temperature limits,

compare to results previously recorded in the
logbook. Adjust if necessary.

iv. In case a drift of temperature is observed,
investigate further. Use the manufacturers

maintenance manual as a guide. See module
11.1 page 151.

● Check replenishment rates.
i. Remove processor lid
ii. Locate lid safety switches, if fitted. Place a

small weight, or else a small packing piece held
with tape, to keep these switches operated.

iii. Switch processor on.
iv. Divert the developer inlet to the tank, into a

100ml measuring-cylinder.
v. On some bench top processors, this may not be

possible. In which case divert the flow of used
developer from the tank, which would other-
wise go to the waste tank or the drain.
However, pass a least one film in first, to ensure
excess developer has commenced to flow.
Discard this initial measurement.

vi. Pass five 35 ¥ 43cm fresh films through the
processor. Do not use previously processed
films, as these are harder, and contain fixer.

vii. Divide the measuring cylinder contents by five,
to find the replenishment rate.

viii. Note. The above procedure is required for some
processors, which may not add individual
replenishment for each film inserted.This espe-
cially applies for microprocessor-controlled
units, which calculate several other factors
besides film size.

ix. Repeat the above for the fixer tank.
x. Record the results.
xi. Check with previous results for any significant

variation, or drift.
xii. Adjust if necessary.

● Remove and wash all deep rack rollers in warm
water
i. Particularly for the developer section, the rollers

may develop a layer of chemical crystals.A nylon
or plastic cleaning pad will assist in the removal
of these crystals, or ‘encrustation’.

ii. Inspect for correct function, wear or damage.
iii. Rinse and install.

● Check main drive shaft and chains or drive belt.
● Carry out any other maintenance recommended by

the manufacturer.
● Report any problem or fault areas. See module 11.1

page 151.
● Update the logbook

d. Monthly maintenance

● Follow manufacturers’ recommendations.
● Perform weekly maintenance.
● Inspect all racks and component parts during

cleaning.
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● Clean filters.
● Drain all and clean all tanks.

i. Pay special attention to the wash water tank.
ii. The tanks may be filled with a dilute concen-

tration of 0.5% hypochlorite solution. An alter-
native is a system-cleaner chemical kit.This is a
two-part mix, plus a neutralizer, which is added
to the water when flushing out the cleaner.

iii. Let the solution sit in the system for no longer
than 30 minutes.

iv. Rinse the solution from the system,and dislodge
‘bio-growth’ or algae. Use a clean stiff brush or
other recommended tools to clean the surface.

v. Rinse the system thoroughly.
vi. Caution. Do not allow concentrated sodium

hypochlorite to come in contact with fixer or
developer. Dangerous fumes can result.

● Do not forget to add starter to the developer 
tank.

● Manufacturers recommend replacement of all
chemicals on a monthly basis. This will especially
apply to developer, where oxidation continues even
when not in use. If recharging is not economic, then
inspect the condition of the solutions in the replen-
ishment tanks, and change as felt necessary.

● Carry out any other maintenance recommended by
the manufacturer, or felt necessary.

● Report any problem or fault areas. See module 11.1
page 151.

● Update the logbook.

e. Quarterly maintenance

● Follow manufacturers’ recommendations.
● Perform weekly and monthly maintenance.
● Discard remaining chemicals in replenishment tanks.
● Note. This especially applies to developer,which may

be oxidised. The developer will start to turn brown.

● Dispose of chemicals as required by local regula-
tions. Do not flush down the drain. Especially do not
discard so that seepage may end in a well, or in the
irrigation water.

● Wash out replenishment tanks, and flush hoses.
● Mix a fresh solution of developer and fixer.
● Note. Only mix sufficient developer to suit short 

to medium term requirements. This will reduce 
deterioration due to oxidation.

● Do not forget to add starter to the developer tank.
● Remove processor panels. Inspect carefully for any

leaks around pumps.
● Check overall condition of processor.
● Report any problem or fault areas. See module 11.1

page 151.
● Update the logbook.

f. Annual inspection and service

Even if you do not have a maintenance contract with
a service company, it is advisable to have the unit fully
inspected and serviced at least once each year. This
service should ensure that the processor is performing
to full specification. In addition, wear items such as
pump valves, especially for the fixer pump, can be
replaced. This service will also enable a new set of 
reference sensitometry films to be obtained. Prior to
such service, it is recommended to have a fresh supply
of chemicals available. If film has been stored in
suspect conditions, a fresh pack of film should also be
on hand, to allow accurate calibration.

g. Replacement parts schedule

Manufacturers usually recommend replacement of
items subject to wear or deterioration. This should be
carried out at regular intervals. A typical example of
these items is provided in table 11–a.
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Table 11–a. A typical replacement parts schedule

Replace Each month Three months Six months Each year

Chemicals, developer and fixer. •

Replace fixer rack roller-springs. •

Replace entry, developer, wash •

and drying rack roller springs.

Replace developer rollers. •

Replace ‘poppet’ valves in •

replenishment pumps.

Developer filters. •

‘E’ rings. •



MODULE 11.1

Automatic film processor

sitometry is regularly performed during maintenance,
then deviations from the recorded characteristic curve
will aid diagnosis of film problems. The sensitometry
section from the WHO Quality assurance workbook is
included in appendix ‘A’ page 210.

Contents

a. Electrical precautions
b. Plumbing precautions
c. Suggestions for processor service or repair
d. The processed film appears dirty
e. Pressure marks on the film
f. Film is scratched or jammed
g. Film appears under developed
h. Uneven developing across the film
i. Film has high base fog and excessive contrast
j. Films appear poorly fixed
k. Films are discoloured. May appear ‘sticky’
l. Insufficient or uneven drying
m. Bands across the film, perpendicular to the film

transport direction
n. Film ‘fogging’
o. Static electricity marks
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Aim

Many problems with the automatic film processor are
avoided by routine maintenance. Unfortunately, routine
maintenance may not be performed properly, or not at
all. This module provides a list of common problems
that may occur, and their solutions. Routine mainte-
nance procedures for the processor are provided in
module 11.0 page 147.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with film processor problems,and what to look
for when correcting these problems. In the event of a
problem, look also in the operation manual, for the
manufacturers advice.

(Task 16. ‘Films appear too dark’, and task 17 ‘Films
exhibit symptoms of low fixer’, should be attempted
on completion of this module).

Note: Detailed instructions for sensitometry are pro-
vided in the ‘WHO Quality assurance workbook’. If sen-

a. Electrical precautions

● Before removing any panels, or performing any
internal repair, ensure the processor power is
switched off. The processor power isolation switch
should also be turned off.

● An electrician or electronics technician should
perform any electrical tests or adjustments.

● If testing or replacing a fuse, see module 5.0 page
65.

● To make adjustments, it may be is necessary to
remove a module or printed circuit board (PCB),and
reconnect it with an extension board. This should
only be attempted on advice from the service
department.
i. Take care that power is switched off, before 

proceeding.

ii. Before removing a module or PCB, touch the
processor frame. This is to discharge any static
electricity.

iii. Take note of plugs or sockets that may need to
be removed or reconnected. Do not rely on
memory. Make a diagram of the connections.
If connections or wires are not marked, attach
a temporary label.

iv. When a PCB is fitted to an extender card, take
care not to bump or dislodge it once power is
restored. Damage can result.

b. Plumbing precautions

Many plumbing problems in a processor may be
attended to, providing due care is taken. This can
include:



● Attention to plumbing or piping leaks.
● Replacement of replenishment-pump valves.
● Replacement of replenishment or recirculation

pumps.

Before attempting any repairs where the internal
piping or plumbing may be disconnected, take the 
following precautions.

● Ensure the relevant processor tank has been
drained of any solution.

● Flush the system to remove any residual solution.
● Ensure the power is turned off, also at the power

isolation switch.
● Turn off the water supply to the processor.
● Make a diagram of piping connections before

removing. Attach labels for identification.
● Take care when disconnecting piping, not to lose

small ‘O’ rings. These can be hidden inside the 
connection, and fall out later.

● When piping is disconnected, residual flushing
water will drain out. Be prepared, and place cloth,
or a towel, under the pipe before disconnecting.

● Have a bucket, or container, available for any 
unexpected problem.

● Wear suitable protection clothing and gloves. See
module 11.0 page 147.

c. Suggestions for processor service or repair

● When diagnosing a problem, refer also to the oper-
ators or service manual for the processor. If in
doubt of the cause of a problem, request advice
from the manufacturers service division.

● Hint. When trying to locate a part in the processor,
refer to the diagrams in the parts manual.

● When replacement of a part is required, include any
auxiliary components that may be required. For
example, if replacing a faulty recirculation pump,
include replacement ‘O’ rings for the piping 
connections.

● Place any small screws or parts in a container, to
avoid loss.

● All adjustable settings of the processor should be
recorded. This especially applies to microprocessor-
controlled systems. These have a large number of
settings, or options, and may develop an error. For
example, after a power failure, or due to incorrect
adjustment.

d.The processed film appears dirty

● The processing tank rollers are dirty.
i. Carry out the recommended weekly maintenance.

● Dirt or algae contamination of the wash water.
i. Replace wash water.
ii. Ensure wash water trough is clean.
iii. Examine the water supply filter, and either ‘back

flush’, or exchange the filter element.
iv. Check the water flow rate.
v. Check operation of the automatic drain valve.

(This is not fitted to all processors)
● Dirt or contamination of the processor solutions.

i. Carry out a complete cleaning procedure. See
module 11.0 page 147.

ii. Replace processor solutions. Make up a com-
plete fresh batch. Ensure filtered water is used.
Do not forget to add starter.

iii. Developer and fixer recirculation filters may be
fitted on some processors. These should be
cleaned weekly as part of routine maintenance.

iv. Some processors have a separate developer filter,
not installed in the tank. Depending on proces-
sor make or model, this filter should be changed
each year. If suspect, change immediately.

● A cleaning-film procedure has not been carried out.
i. This should be carried out each morning.
ii. Use a full size unprocessed film.

● The feed tray is dirty.

e. Pressure marks on the film

● Clean the film rollers.
● Pay special attention to developer rollers.
● Replace any rollers that do not have a smooth

surface, after cleaning.
● A pair of developer or fixer rollers may have 

developed a flat, or uneven, area.
i. Test by slowly rolling along a flat surface. Feel

for any ‘bumps’ as the roller is rotated.
ii. Place a light behind the roller. Move the roller

along a flat surface. Look for any gaps as the
roller is rotated.

f. Film scratched or jammed

● With the top cover removed, feed a test film
through the processor.
i. Listen carefully for any unusual noise.
ii. Does the film jerk, or not move smoothly in any

area?
iii. Does the film exit partly rotated?

● Racks incorrectly installed.
i. Check the position and seating of the racks. Pay

careful attention to guide marks or grooves.
ii. Check that racks are not distorted, or bent out

of shape.
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● Loose or damaged roller pressure springs.
i. These are coiled springs shaped in the form of

a loop.They pull the rollers together, and provide
the correct pressure on the film.

ii. If springs are damaged, or have uneven tension,
then the rollers can feed the film at an angle.

iii. Compare the suspect spring to other springs.
Replace with a new pair, one on each side of the
rollers.

● Film crossover guides not properly installed or
faulty.
i. Examine the area around the guides for any

sharp edges, or scratched sections.
ii. Check the rollers. Ensure free movement of the

rollers.
iii. Check crossover alignment. Ask the service

department for advice, before making any
adjustment.

iv. Check crossover guides are correctly seated, no
distortion or cracks.

● Damaged gears.
i. A previous jammed film may result in broken or

damaged gear teeth. This can cause erratic or
stopped rotation of the rollers.

ii. A gear is not sitting in the correct position on
the shaft. Check for a missing retaining clip.
(Circlip).This fits in a groove of the shaft, to keep
the gear in position. Some gears have a plastic
retaining clip as part of the gear moulding. If
broken, the gear must be replaced.

● Incorrectly set drive shaft.
● Timing belt or chain incorrectly installed or broken.
● Sharp or damaged edges in the film entrance table.
● Incorrectly adjusted film entrance table.
● On systems with a micro-switch for film size

sensing, the actuation lever may be damaged.
● Films are fed too close together.

i. Does a warning light operate, until ready for the
next film?

ii. Does a chime sound when the processor is ready
for the next film?

g. Film appears under developed

● Operator error.
i. Wrong X-ray exposure setting.
ii. Incorrect cassette. Detail instead of normal

screens.
iii. Excessive starter was added after service.

● Insufficient developer replenishment. Check the
replenishment flow rate.
i. Replenishment pump not working.
ii. A leaky valve in the replenishment pump.

iii. The replenishment feed line is blocked. (Or
twisted and ‘kinked’)

iv. Faulty film size detection.
● The developer supply is oxidized or depleted.

i. Replace the developer supply, if more than one
month old.

ii. Test specific gravity. Use the temperature 
correction chart, Fig C–1 page 177.

● Incorrect developer temperature.
i. Compare the temperature to the previous

recorded value, when the processor was last
serviced.

ii. Monitor developer temperature during the day.
Look for excessive temperature drift.

● Film transport speed has increased.
i. Check for incorrect settings in the processor

computer.
ii. Measure film transport time.
iii. Note. If transport speed is incorrect, this will

also affect fixing and drying.

h. Uneven developing across the film

● Recirculation pump not working.
● Partially blocked developer filter. Clean as part of

weekly maintenance.
● Damaged or blocked recirculation pipe lines.

i. Film has high base fog and excessive
contrast

● Operator error
i. Starter was not added after service. (Or 

insufficient starter.)
ii. Add starter.

● Incorrect developer temperature.
i. Compare the temperature to the previous

recorded value, when the processor was last
serviced. Reset if required.

ii. Monitor developer temperature during the day.
Look for excessive temperature drift.

● Developer over concentrated.
i. Check supply specific gravity. Use the tempera-

ture correction chart, Fig C–1 page 177.
ii. Check replenishment rate.
iii. Add starter.

● Film transport speed has decreased.
i. Operator error. The speed adjustment was left

on low speed, after processing single emulsion
films.

ii. Check for incorrect settings in the processor
computer.

iii. Measure the film transport time.
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iv. Motor speed may be reduced due to incorrectly
fitted racks.

v. Or motor speed may be reduced due to stiff
bearings. Lubricate the bearings. (The bearings
may be noisy).

j. Films appear poorly fixed

● Insufficient fixer replenishment.
i. Check the replenishment flow rate.
ii. Adjust the flow rate or pump operation time.
iii. Replenishment pump not working. Some

processors have two fixer replenishment pumps
working in parallel. One may be faulty.

iv. Faulty ‘Poppet’ valves on the replenishment
pump. Replace.

v. Replenishment feed line blocked. (Or twisted
and ‘kinked’)

vi. Faulty film size detection.
● Fixer supply incorrectly mixed.Check specific gravity.
● Fixer is contaminated, replace with a fresh solution.
● Fixer temperature too low. This may apply where 

the processor has separate heaters for fixer and
developer.

● Poor ‘squeegee’ action of rollers as film exits the
developer tank. This leaves excessive developer on
the film, preventing proper contact with the fixer.
i. Clean the rollers.
ii. Examine the roller compression springs; ensure

correct fit and tension.
ii. Some processors have a ‘mini wash area’, with

the crossover rollers, where the film is trans-
ported between tanks. Ensure water level is
correct, and is circulated.

k. Films are discoloured. May appear ‘sticky’

● Fixer temperature too low. This may occur if 
the processor has separate heaters for fixer and
developer.

● Fixer is depleted. See ‘Films appear poorly fixed’
● Wash water temperature too low.
● Film transport speed has increased.

i. Check for incorrect settings in the processor
computer.

ii. Measure the film transport time.
iii. Note. If transport speed is incorrect, this will

also affect developing and drying.

l. Insufficient or uneven drying

● Incorrect temperature setting. Temperature may
need to be increased if humidity level is high.

● The drying heater is faulty.
i. If more than one element, an element may be

burnt out.
ii. Faulty operation of the over-temperature safety

thermostat.
iii. Power fuse to the heater is open circuit.

● The drying fans are faulty. Possible failure of one fan
only.

● The drying thermostat is faulty.
● Fixer may be depleted, or at too low a temperature.
● Wash water temperature low.

m. Bands across the film, perpendicular to the
film transport direction

● Dirty rollers
i. Clean the rollers.The rollers may develop a layer

of chemical crystals. A nylon or plastic cleaning
pad will assist in the removal of these ‘crystals’,
or encrustation.

ii. Replace any rollers that do not have a smooth
surface after cleaning.

iii. Check for damage or flat areas on the rollers.
iv. Test by slowly rolling along a flat surface. Feel

for any bumps as the roller is rotated.
v. Position a light behind the roller. Move the roller

along a flat surface. Look for any gaps as the
roller is rotated.

● Rollers do not rotate smoothly.They stop and start.
i. The drive belt or chain may be loose. Adjust

according to the maintenance manual.
ii. Incorrect positioning of rack or rollers.
iii. A bearing may require cleaning, or lubrication.
iv. Damage to a gear tooth.

● Film is slipping in the rollers.
i. Examine roller compression springs; ensure

correct fit and tension.
ii. Look for missing springs.

The following film problems may not be due to the
processor.

n. Film fogging

● Darkroom safe light is faulty.
i. Test by leaving film on bench for a short time,

then processing. Next, place film directly into
processor, but keep safe light off.

ii. Aim the light upwards, away from the work-
bench or processor film table.

iii. Has the globe been replaced with a wrong type?
iv. Has the film been changed to orthochromatic

film? Contact the film supplier for advice. Obtain
correct filters for the safe light.
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● Damaged cassette, allowing light to enter.
i. Test by inserting a film in the suspect cassette,

with the safelight switched off. Then place the
cassette in different positions, in normal room
lighting.

ii. Process the film.
● All films appear fogged.

i. The film has been stored under excessive tem-
perature, or humidity conditions.

ii. The film has passed its expiration date.
● Film has intermittent fogging.Artefacts can also be

observed.
i. Scatter radiation is entering the cassette

storage area.
ii. Possible fault with radiation shield. Test by

placing a test cassette for a while in the suspect
area.

● Film exhibits fogging towards one edge only. All
films of the same size have a similar problem.
i. The film storage bin has been opened under full

lighting conditions.

ii. Possible light leak into the film storage bin.
Check for proper closing and operation of the
film bin.

iii. Improper light shielding of films, due to torn
packaging etc.

o. Static electricity marks

● These appear as ‘branched’, or ‘dotted’ areas on the
film.
i. This is due to a static discharge, as the film is

handled.
ii. A common cause is dry, or low humidity 

conditions. Some floor coverings, and type of
shoes, can also cause this problem.

iii. Before handling the film, discharge yourself by
touching the metal tray of the processor.

iv. Use anti-static cleaners for the cassette 
intensifier screens.

PART IV. AUTOMATIC FILM PROCESSOR

155



TASK 16

Films appear too dark

You have just returned from holidays. On using your normal exposure techniques, the films appear too dark. Your
assistant informs you she has also been having a problem, to obtain the correct exposures.

You suspect a problem with the processor. However, list possible reasons, not caused by the processor, which might
cause dark films.

Make a list of possible processor problems, which could cause a dark film. Indicate on this list the order in which
you would check these items.

Carry out suitable tests. Describe these tests and their results.

What action is needed to correct the problem?

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor
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TASK 17

Films exhibit symptoms of 
low fixer

After carrying out initial tests, you replaced the fixer, and adjusted the fixer pump. However, as several days go by
the problem repeats itself.
You come to the decision that the fixer pump is faulty and requires attention.

What were the original symptoms? 

Describe the tests carried out, and action taken to correct the problem.

The problem has now repeated itself. You have contacted the processor agents, and discussed the problem. They
recommend you replace the pump valves, suspected leaking.You now have the replacement valves and are about
to affect a replacement.
Describe some important precautions before attempted disassembly 

Reassembly has been successful. At the beginning you made some adjustments in an attempt to correct this
problem. Now with the processor powered up, and charged with fresh chemicals, what adjustment should again
be checked? 

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor
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MODULE 11.2

The film ID printer

a. Operation of a film printer

The basic film printer consists of a lamp, which deliv-
ers a brief burst of light through the paper ID strip
onto the film. In its simplest form, a capacitor is
charged to a preset voltage. On closing the printer lid,
a microswitch connects the capacitor to the lamp,
producing a brief flash of light. A potentiometer con-
trols the voltage level on the capacitor, which in turn
controls the lamp output. Additions may include pre-
heating the lamp filament, or providing a flash timer.
Later versions replaced the lamp with a xenon flash
tube, similar to those employed in a camera. Due to
the simplicity of the design, very little can go wrong.
However, some problems may still occur.

b. Precautions for replacing the lamp

Before opening the cover ensure the printer is discon-
nected from the power point. Take care not to touch
any of the internal wiring, as there may be significant
voltage stored in a capacitor.

The replacement lamp should have a similar power
rating. Depending on the actual mode of operation,
changing to a higher rated lamp could produce a lower
flash intensity.

c. Failure to print

Before investigating, ensure the printer is unplugged
from the power point.

● Is the globe faulty? Try a replacement globe.
● Can you hear a small ‘click’ as the lid is closed? 

If not the expose switch may need adjustment.
Otherwise the switch may be faulty.

● Does the power cord have a broken connection?
Check both at the plug end and where the cord
enters the printer. Repairs to the power cord or plug
should be performed by an electrician.

● Is the power point faulty? Check the printer in a
known good outlet.

● Has the print density control developed a bad 
connection? Try adjusting to a different position.
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Aim

Film ID printers range from basic versions where the
film is first removed from the cassette,and then placed
in the printer, to motorized versions; which print the
film through a ‘window’ in the cassette. The sugges-
tions made here are for the basic version only.

Objectives

After completion of this module, simple repairs to a
basic film printer may be achieved.Assistance from an
electrician is recommended.

Contents

a. Operation of a film printer
b. Precautions for replacing the lamp
c. Failure to print
d. The printing is too light



d.The printing is too light

● Did this occur after changing the globe? Check to
ensure the correct type was fitted.

● Has the type of paper used for the patient ID been
changed to a different version?

● If the first printing attempt is light, but an attempt
at printing shortly after produces better results,

then a pre-heat resistor or adjustment may be
faulty. Have an electrician check for this possibility.
Do not attempt this by yourself; there may be a high
voltage charge on a capacitor.
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Introduction

accepts that responsibility and ensures that the 
programme happens effectively.

This workbook will be used by radiographers and
radiological technologists as well as other medical 
and technical staff members involved in diagnostic
imaging, to:

● achieve a good working knowledge of equipment
maintenance routines;

● adopt a logical and practical approach to diagnos-
ing equipment problems;

● on returning to their respective areas after com-
pleted training, teach other members of their staff
to carry out the routines or techniques that they
have learned;

● assist in establishing, or implementing, a suitable
routine maintenance programme;

● be encouraged to directly carry out adjustments 
or minor repairs, or provide suitable assistance to
other staff as needed;

● provide accurate reporting of problems to seniors
or service engineers;

● assist in establishing criteria for equipment replace-
ment, where it is not cost effective to continue
maintenance.

Expected benefits

It is expected that after going through the training
and experiences discussed in this workbook, the
knowledge and skills will be put into practise. If so:

● Heads of departments will find that the standard
of radiography will be maintained at the highest
level.

● There will be fewer equipment failures.This reduces
costs.

● Where a failure does occur, local hospital staff may
be able to repair without an expensive service call.

● When an external service call is required, the service
technician can arrive fully informed to deal with the
situation, together with appropriate equipment or
parts. This will reduce the possibility, and expense,
of repeated visits.
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It is preferred to call this a workbook rather than a
manual or textbook, because the intent is to, not only
give technical information, but to set practical exer-
cises that students can work through, responding to
specific questions. Above all, the students should feel
that they have actually carried out the tasks them-
selves and will be more confident to teach others and
ensure that these exercises continue to be carried out
in their respective areas.

The topic of this workbook is routine maintenance
and repairs. The material is designed to assist in the
maintenance of equipment, and provide guidelines for
locating equipment problems. In many cases this 
will allow local correction of fault situations. Where
external assistance is required, good communication 
of the diagnosed problem will assist in reducing delay,
or multiple service calls.

Routine maintenance
The overall maintenance programme;put in place
to ensure that a comprehensive range of mainte-
nance procedures are systematically carried out.

Fault diagnosis and repairs
The means by which the cause of incorrect equip-
ment operation may be located. This includes
adjustment where required, and simple repairs.

A Routine Maintenance Programme should be com-
prehensive, looking at all aspects of the work involved 
in ensuring equipment is properly maintained, and
capable of producing accurate results. Such a pro-
gramme can be cost effective, and contribute to
minimum failure of equipment. By encouraging local
staff to be actively involved in maintenance or minor
repairs, delays and expensive service calls may be con-
siderably reduced.

The ultimate responsibility for setting up, running,
evaluating and taking remedial action lies with the
head of department, although appropriate delegation
may be necessary. It is important that someone



● Where work is carried out by an external service
organization, the maintenance inspection will ensure
this has been carried out fully and effectively.

● Work environments will be improved. Tasks will
become easier.

● Repeat films will be kept to a minimum. Staff job
satisfaction will increase.

● Patients will receive less radiation and less 
inconvenience.

● A record and audit trail will exist as proof of high
standards.

Achieve some of these, and this workbook has been
worthwhile!

What this workbook aims to achieve

● Provide the knowledge and skills required for main-
tenance of imaging equipment.

● Increase awareness, interest and understanding of
maintenance issues.

● Enable radiographers to establish and continue to
carry out an effective preventive maintenance 
programme.

● Provide the knowledge tools to assist in diagnosing
equipment problems.

● Provide the knowledge and encouragement to carry
out adjustments and minor repairs.

● Raise equipment performance standards.
● Reduce maintenance and service costs.
● Reduce the possibility of equipment malfunction

causing injury.
● Improve job satisfaction through correctly func-

tioning equipment.

Summary of the content of 
this workbook

● Background information.
● A questionnaire seeking information about each

student, and their own department.
● A pre test of student’s knowledge.
● 13 modules related to routine maintenance of X-ray

equipment.
● 14 modules concerned with fault diagnosis and

repairs.
● A separate module, concentrating on the film

processor.
● A revision of X-ray equipment design and operation.
● 17 tasks the student must perform.
● A list of suitable tools and test equipment, and how

to make simple test tools.
● Useful charts and forms.

● Copies of routine maintenance check sheets.
● Advice on teaching methods.
● Health and safety issues.
● A post test of student’s knowledge.
● Glossary of terms.
● Reference list.

How to use this workbook

The entire workbook can be used for self-study or 
self-assessment, ideally as working material during a
work shop or a seminar with individual tutors for the
students. In either case, however, the book should 
be approached as indicated below.

The section headed STUDENT’S OWN DEPART-
MENT, should be completed by the student before
commencement of the study or course. This takes the
form of a questionnaire which, when completed should
give the tutor a background knowledge of the student
and their work environment. This background infor-
mation will allow the tutor to apply the correct empha-
sis when providing and supervising the training.

The student must complete a PRE TEST prior to
starting the course. This is an assessment of the
student’s relevant knowledge before the course. This
will be compared to the results of a similar POST TEST
completed by the student after completion of the
course. These tests are for student information and
course evaluation only and are not used in student
assessment.

The section on TEACHING TECHNIQUES first gives
a broad overview of teaching methods.This is followed
by the recommended approach to teaching with this
workbook. Both tutor and student should read this
section. This is a reprint from the WHO ‘Quality assur-
ance workbook’ and is included here for convenience.

The section on HEALTH AND SAFETY draws atten-
tion to all the health and safety issues appropriate 
to an X-ray department and how to make the work
environment a safe and healthy one. This is an extract
from the WHO ‘Quality assurance workbook’, edited for
use with this workbook.

The workbook is divided into modules

● The modules are in three groups.
a. Routine maintenance of X-ray equipment.
b. Fault diagnosis and repairs of X-ray equipment.
c. The automatic film processor, routine mainte-

nance, fault diagnosis and repairs.
● The student should work through one module at a

time, studying the technical information and testing
methods.
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● Note. Although the modules are designed as indi-
vidual projects, due to the complexity of this work-
book, it will be necessary at times to refer to other
modules. Where this is required, a note is inserted
pointing to the first page of the reference module.

● At the end of each module, tasks have been set.The
student must carry out each task and answer 
the questions asked, and the teacher/tutor where
available, will comment or correct these.

The APPENDICES contain information on making
simple test tools, report forms, record sheets, and 
test result sheets for use in the student’s own depart-
ment. The APPENDICES also contain information 
from the WHO ‘Quality assurance workbook’. This
includes sensitometry, teaching techniques, and health
and safety. The GLOSSARY contains a list of terms
found in the text, with meanings. The REFERENCES
provide a source of further reading.

When used in the scope of a work shop or seminar,
The POST TEST must be answered, on completion of
the course. The workbook is then handed to the tutor
for final assessment.

The student is encouraged to:

● complete all pre reading, discuss the material with
colleagues and fill in the questionnaire,‘STUDENT’S
OWN DEPARTMENT’, before starting the course;

● carry out the PRETEST immediately before starting
the course;

● carry out the POST TEST immediately upon com-
pletion of the course/self-study.

In daily routine work the workbook and newly gained
knowledge and expertise should be used to establish
a routine maintenance programme, and train col-
leagues under the direction of their department
manager.
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Questionnaire
Student’s own department

In order for this course to meet your needs, your tutor must know something about yourself, and the department
in which you work. Please answer the following questions in the spaces provided, before you commence the course.

1. Hospital name and address.

2. Your name and address.

3. Your education qualifications. Please include details of any additional training.

4. How many X-ray examination rooms are there? 

5. How many mobile or portable X-ray generators are there? 

6. Tell us what X-ray equipment you have. Eg, general-purpose table with Bucky etc. Please include the type, make
and model number.

Room 1 

Room 2 

Room 3 

Mobile or portable units 

4. How many darkrooms are there? 
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5. State the type of film processor in each darkroom. e.g. type, make, model, processing cycle.

Darkroom 1 

Darkroom 2 

6. How many staff act as radiographers? Qualified radiographers? Others? 

7. How many darkroom technicians are there? 

8. Does your hospital have access to an electronics service technician? 

9. Does your hospital have an electrician? With electronics knowledge? 

10. Do you already run any form of preventive maintenance programme.Yes/No 

11. If ‘Yes’, state here what you do, including details of any external assistance.

13. Is all the X-ray / processor equipment operating at a satisfactory level? If not, describe areas requir-
ing attention. Include equipment waiting parts or further service.

14. Including all equipment, what is the total number of days ‘out of action’ for last year? 

15. What was the average time ‘out of action’? And the maximum time? 

16. List any test equipment or quality control test tools you have.

17. If you have any issues relating to maintenance, or fault diagnosis / repairs, please state them here.
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Pre test

3. What is meant by the term ‘trouble shooting’?
a) A method to diagnose a problem.
b) How to deal with under performing staff.
c) The X-ray generator fails to expose.

4. To check if the light field and the X-ray field of a
collimator are correctly aligned:
a) Look into the collimator mirror.
b) Place metal markers on the face of a loaded

cassette to indicate the light field and make an
exposure.

c) Adjust the collimator knob to the film size as
indicated on the collimator.

5. An aluminium disc is often inserted between the
collimator and the X-ray tube. The purpose of this
disc is to:
a) Adjust the spacing between the collimator and

the X-ray tube.
b) Prevent light from the tube filament shining

through the collimator.
c) Filter low energy X-ray photons.

6. An ‘mAs’ control is used in:
a) An automatic exposure control.
b) Single knob adjustment of time and mA.
c) Automatic regulation of mA as kV is adjusted.

7. The term ‘space charge’ relates to:
a) High-energy cosmic radiation, causing film 

fog.
b) A ‘cloud’ of electrons around a heated filament.
c) The rental fee for a private X-ray practice.

8. A ‘relay’ is:
a) A competitive sports event.
b) A replacement of floor covering.
c) An electromagnetic switch.

9. An ‘interlock’ is:
a) A safety device to prevent incorrect operation.
b) The door locks for entry to the X-ray room.
c) A device to prevent tampering.
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The student must complete this test before starting
the course. The intention is to test your knowledge on
the topics covered by this workbook before the course,
or before starting studying the work book.

Name and address 

Hospital name and address 

Instructions

This is a multiple-choice test. In each question you are
given three possible answers.

Read each question carefully.
Indicate the answer that you feel is the most accu-

rate by placing an ‘X’ in front of the letter preceding it.

Example:
A personal radiation monitor (TLD) should be worn

a) Outside a lead rubber apron.
X b) Under a lead rubber apron.

c) There is no need to use one when wearing a lead
rubber apron.

Answer: b)

All questions must be answered

1. What is meant by the term ‘preventive maintenance’?
a) Maintenance must be carried out by tradesmen

only.
b) Maintenance is not required.
c) Maintenance to reduce equipment failure.

2. What is meant by the term ‘quality assurance’?
a) The equipment is covered by a maintenance policy.
b) A repair is guaranteed for three months.
c) A system that attempts to maintain a high

standard of work in all areas.



10. A ‘spinning top’ is used to:
a) Check kV accuracy.
b) Check exposure time accuracy.
c) Check mA accuracy.

11. A ‘stepwedge’ is used to:
a) Calibrate the height of the tomograph fulcrum.
b) Make comparative measurements of radiation

output.
c) Assist in patient positioning.

12. Before attempting to replace a fuse, you should:
a) Check the fuse rating.
b) Inform the chief radiographer.
c) Ensure the main power isolation switch is

turned off.

13. When making an exposure via a Bucky:
a) The grid should move immediately X-rays are

produced.
b) The grid should commence movement when

the exposure button is pressed, and exposure
occurs after the grid is in position.

c) The Bucky should commence operation as soon
as the preparation button is pressed.

14. The first aid treatment for a processing chemical
splash in the eye is:
a) Blink continuously for at least 30 seconds.
b) Wash the eye thoroughly with water.
c) Wipe the eye with a tissue.

15. Developer temperature should be checked:
a) Only if the film densities appear different.
b) Daily.
c) Once a week.

16. Replenishment rates in automatic processors are
checked by:
a) Referring to the operator’s manual.
b) Measure the relative decrease of level in the

replenishment supply tank.
c) Diverting the replenishment pump output into

a graduated flask.

17. Automatic processing temperature should be:
a) 20°C
b) 25°C
c) 35°C

18. A sensitometer:
a) Is used to measure sensitivity of film to light.
b) Is used for printing a test strip onto film for

film processor monitoring.
c) Checks the developer concentration in the

processor.

19. If the focal length of the grid fitted to a wall Bucky
is too short for the required distance:
a) The film will be dark in the centre, and light at

the sides.
b) The film will be light in the centre, and dark at

the sides.
c) Grid lines will appear.

20. Before using a multimeter to test continuity, you
should:
a) Touch the test leads together to ensure the

meter reads ‘Zero ohms’.
b) Fit a new battery to the meter.
c) Ensure the power isolation switch for the X-ray

room is turned off.

21. During preparation for an exposure, which item
should not occur?
a) X-ray tube anode rotation.
b) Adjustment of kV output.
c) X-ray tube filament heating.

22. The maximum possible anode rotation speed for a
low-speed tube operating at 50Hz is:
a) 2500 RPM
b) 3000 RPM
c) 5000 RPM

23. A high-speed tube has a ‘brake’ cycle at the end
of an exposure. This is to:
a) Reduce unnecessary noise in the X-ray room.
b) Increase bearing life.
c) Prevent damage caused by ‘resonant periods’

as the anode slows down.

24. The woven metal sheath of the high-tension cable
is to:
a) Shield against the possibility of transmitting

electronic interference into other equipment
during an exposure, especially with a high-
frequency generator.

b) Increase the resistance to wear, and act as a
deterrent to rat damage.

c) In case there is a fault in the cable insulation,
the metal sheath provides a safe electrical con-
duction to ground.
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25. When exposing a large format film, a reduction in
film density to one side of the film is noticed. This
is probably due to:
a) The dwell time of the processor is incorrect.
b) Heel-effect of the X-ray tube.
c) Poor film screen contact.

26. All exposures suddenly show an increase in film
density. The most possible cause is:
a) An increase in developer temperature.
b) The generator kV calibration is incorrect.
c) The processor fixer has become diluted.

27. You have a choice of three X-ray tubes as a
replacement. They are identical except for the
anode angle. Which tube will have the highest
output?
a) 7 degrees
b) 12 degrees
c) 16 degrees

28. Again, considering the same X-ray tube, which will
give the best film coverage?
a) 7 degrees
b) 12 degrees
c) 16 degrees

29. A capacitor discharge mobile has:
a) A non-linear X-ray output.
b) A similar output to a single-phase generator.
c) Long exposure times.

30. A spinning top test is made of a single-phase self-
rectified (Half wave) portable generator operating
on 50Hz. Twenty dots appear on the film, indicat-
ing an exposure time of:
a) 0.02 seconds
b) 0.2 seconds
c) 0.4 seconds
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b. Who should carry out routine maintenance?

This depends on the size of the department, and avail-
able staff. In a district hospital, which has just one
radiographer, then perhaps that radiographer is ‘it’.
However, external assistance should be made available
if required, for example, assistance provided by an 
electrician.

When the department has a number of staff,
one member should be selected as maintenance co-
ordinator. Other staff members may be allocated 
specific areas or items of equipment to be checked.
Where possible, these duties should be rotated. This
allows all staff to become familiar with the equipment.

In some hospitals, an electronics technician may 
be available. But, as the technician does not use the
equipment, problems may go undiscovered. For this
reason a staff member needs to assist the electronics
technician, during maintenance or repairs.

c. Objections to routine maintenance

Existing staff may regard routine maintenance as 
an unwanted extra duty. This list provides answers for
possible objections.

● This is boring.
Yes, it can be. But even more boring, or frustrating,
is using equipment that does not function correctly.

● This is not my responsibility.
Even when a specific member of staff does carry
out a comprehensive maintenance programme, your
own input will be appreciated.This can be as simple
as reporting a problem area, to taking direct action.
For example, tighten that loose screw on a Bucky
tray handle, before the handle falls off.

● The department is kept very busy. There is no spare
time.
And to make matters worse, you have to use equip-
ment that does not operate correctly. A mainte-
nance programme does not have to take the room
out of action. Instead, just one section at a time
can be checked.This may take only ten minutes for
each section.After the reported problem areas have
been fixed, the room will become more efficient.

● The hospital has a paid routine maintenance con-
tract with an X-ray service company. This is carried
out every six months.
You are lucky. However you still need to carry out
an inspection to ensure the service is completed as
required. A service technician may find a problem,
which requires immediate attention. This reduces
the time available for the remainder of the mainte-
nance.As a result, some areas are not checked.Your

own inspection, together with suitable record
keeping, will help ensure contract service is carried
out correctly.

d. How often should maintenance be 
carried out?

● Equipment in heavy use, for example a mobile 
travelling to different parts of the hospital, should
be checked every four months.

● Other equipment, such as a Bucky or Fluoroscopy
room, every six months.

● However, in many respects, maintenance in the form
of observation is a continuous process. If a minor
problem occurs, always enter this in the logbook, so
it will receive attention during the next opportunity.

e.Typical objectives of routine maintenance

● A complete operation and function inspection, list
any incorrect operation or area requiring further
attention.

● By means of prepared checklists, ensure all required
areas are covered. The results are to be retained in
a suitable folder. Any problems or areas requiring
further attention are entered in the logbook.

● When a problem is located, if this is minor, correct
the problem immediately. In case of a larger
problem, still attempt to complete the rest of the
routine maintenance, while waiting to have the 
specific problem corrected.

● In case of a specific problem outside local resource
to immediately correct, and then request an elec-
trician, or the service department, for assistance.
If such a problem is found, be sure to file a report
and enter specific details in the logbook.

● Inspection of all electrical plugs, cables, and other
electrical connections.

● A full mechanical inspection, adjustment and 
lubrication as required.

● Tests for calibration of equipment.This may also be
part of a quality control programme.

● Cleaning of equipment. Remove pieces of sticky
tape, old sticking plaster marks etc.

f. Familiarization of equipment

With much equipment there is often a legacy of mis-
understanding. As a result many functions may be
ignored or incorrectly interpreted.

Common reasons are:

● The operation manual has been lost. Or is only
referred to as a last resort.
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● Replacement staff may be incorrectly instructed in
the use of the equipment. This legacy tends to be
passed on.

● A pre-existing fault is accepted as part of the
normal operation of the equipment, and possible
correction is ignored.

● The equipment was modified to interface with a non
standard system. As a result, some controls are dif-
ferent to those described in the operation manual.

● Where there are any specific limitations or precau-
tions, these should be listed in the logbook. This 
will assist any replacement staff. This information
should also be shown to the service technician

During routine maintenance, you should attempt to be
familiar with all operation modes of your equipment.
This includes.

● Indicator lights. When do they light up? What do
they mean?

● Audible signals. When do they occur? What is the
reason?

● During preparation, or an exposure, do you hear a
contactor or relay operating?

● What is the normal sound produced by the X-ray
tube anode, during preparation?

● What sound does the Bucky make during an 
exposure?

● Meters or indicators can display different readings
depending on the generator operation. For example,
a meter might first display a percentage of X-ray
tube load, then display the mAs obtained after an
exposure.

g. Routine maintenance programme

To commence a routine maintenance programme, the
following is suggested.

● Where a quality control programme is to be 
established, ensure that all required procedures for
routine maintenance are properly documented.

● Make a list of replacement parts or materials that
may be required.

● Suitable tools. A list of suggested tools is provided
in appendix ‘B’ page 169.

● Test tools. Simple test tools that may be con-
structed are also described in appendix ‘B’ page
169.

● Be familiar with all operation modes of the equip-
ment to be maintained.(Study the operation manual).

● Allocation of a specified time period to carry out
maintenance. This will depend on the patient 
workload, and will need to be flexible.

● Record keeping.
i. A separate logbook should be kept for each

room of equipment. In the case of mobile or
portable equipment, an individual logbook
should be kept for each unit.This may be in the
form of a loose-leaf binder, and allow insertion
of checklists as maintenance is carried out.

ii. A sample logbook page is provided in appendix
‘C’ page 177.

iii. Proper identification of all equipment is
required. This includes make, model and serial
number, date of installation, and any special 
features, such as a high-speed starter option 
or AEC. This information should be entered into
the logbook.

iv. An individual checklist for each item of equip-
ment helps ensure all-important areas are
covered. External contractors may also use
these lists to assist correct service. Completed
checklists, together with service job sheets,
should be kept in a master file, or logbook, for
each X-ray room. This provides quick reference
for future service, or else a previous problem.

v. Sample checklists are provided in appendix ‘D’
page 186.

vi. If an additional repair or service is required,
mark this for attention in the logbook. Other-
wise, if there is a long delay, the repair or service
might be forgotten.

● Equipment manuals.
Manuals need to be kept in a safe designated area.
If manuals are lost or stolen, then every effort
should be made to obtain a replacement. Manual
title and publication numbers should be recorded 
in the logbook. Depending on the manufacturer,
manuals may be presented in many different
formats. Some may be in separate folders, while
other manufacturers may combine all in the one
folder. Typical manuals, which should be available,
are listed below.
i. Operation.
ii. Specification.
iii. Parts list.
iv. Installation, including calibration procedures.
v. Data sheets for the X-ray tube.
vi. Service. (*)
vii. Circuits or connection diagrams.
viii. Technical explanation of operation. (*)
ix. (*) Indicates these manuals might be restricted

to a service department, or available only on
request.

● In some countries, the equipment supplier is
required to supply two complete sets of all manuals

PART II. ROUTINE MAINTENANCE MODULES

15



originally supplied with the equipment. One set is
kept in the X-ray department, and the other
retained by the government purchase authority.This
provides a backup copy in case of lost or damaged
manuals.

● As some information in the manuals can be confi-
dential, manuals need to be kept in a safe place,
and restricted to authorized use only.

h. Keeping a logbook

● The logbook may be of any convenient construction.
● The logbook should not confine entries to a single

line. Leave space to provide full details.
● If additional columns are required, the logbook may

also cover the opposite page.
● The logbook need not be hard bound, but instead

be a collection of report sheets kept in an ‘insert’
folder. This can include the checklists, produced
after routine maintenance. Coloured dividers can
separate each section.

● A single logbook can contain all the required infor-
mation for an X-ray room. A separate logbook
should be kept for a mobile generator, or a portable
system.

● The front page of the logbook should include all
details of the equipment, (Make, model, serial No.
etc.)

● The logbook should also contain a list of all equip-
ment manuals. This should include any reference

numbers, to facilitate re-ordering of lost or
damaged manuals.

i. Routine maintenance modules

The modules are for routine maintenance of equip-
ment. Due to the diversity of equipment that may be
in use, from very old to the latest technology, not all
of the suggestions will apply to your system.

The maintenance modules are designed as 
individual units, however some cross-reference is
required. The reference module name, and title-page
number, is indicated in the text as required.

A sample routine maintenance checklist for each
module is provided in appendix ‘D’ page 186.

The equipment covered in the maintenance
modules includes the following.

● X-ray generator, fixed installation.
● X-ray generator, mobile unit.
● X-ray generator, capacitor discharge.
● X-ray generator, portable system.
● X-ray tube stand.
● X-ray tube.
● Collimator.
● The Bucky table and vertical Bucky.
● Tomography attachment.
● Fluoroscopy table.
● Fluoroscopy TV systems.
● Automatic film processor.
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Fig 1–1. A typical logbook page

Data Requirement Response Performedly Reference No

24-12-02 Routine maintenance Carried out by staff John Bell Report no 75
of tube stand

2-2-03 Tube stand has failed Request attention by X-ray service Job No X2203
bearing X-ray service ltd

4/2/03 Collimator lamps Ordered 3 from Osram Jean Wells Order No 45963
required supplies

10-4-03 No exposure See service request John bell Order No 45964
form. Unit out of action
waiting handswitch

14/4/03 New handswitch Fitted new handswitch John Bell Report No 76



TASK 1

Maintenance survey for 
an X-ray room

You are required to make a basic maintenance survey of a general purpose Bucky room. This may be a room in a
different hospital, OR, it may be a room with which you are fully familiar.

The hospital administration has offered to have all defects rectified, but first requires a quick report; a more
detailed report can be supplied later.

When making this survey, look for minor defects as well as those affecting performance.

X-ray control:

Tube stand:

X-ray tube and collimator:

Bucky table and Bucky:

Wall Bucky:
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● Set 80kV, and a FFD of 100cm.
● Position the stepwedge on a 24/30cm cassette.
● Several exposures can be made on the one piece of

film. Place two pieces of lead rubber on top of the
cassette, positioned against either side of the step-
wedge. As the stepwedge is repositioned, the lead
rubber prevents unwanted radiation entering the
cassette.

● Using the selected value of kV and mAs make a
series of exposures. Change the mA station after
each exposure, and adjust the time to obtain the
same mAs.
i. Allow about 0.5–1.0 second delay after prepa-

ration is completed, before exposing. This is 
to ensure the filament has reached a stable
temperature.

ii. If the film is too light, increase the kV, and
repeat the test.

iii. If the film is too dark, add extra aluminium
under the step wedge. Or, place a sheet of paper
between one side of the film, and the intensify-
ing screen in the cassette.

● It may not be possible to obtain the same mAs value
for all mA stations. In this case, select a different
mAs value, but include one of the mA stations 
previously tested. Repeat the test with the new
selection of mA values.
This is illustrated in table 1–a, where 100ma is used
for both 20mAs and 30mAs comparisons.

● If one of the mA stations shows a significant change
in density, make another test with that mA station,
this time change kV to obtain the required film
density.
i. Providing the required kV change is not more

than 2~3%, the station is within tolerance.
ii. If no more than 3~5% it is still within tolerance.

However, make a note in the maintenance
record, and have the calibration checked next
time the service department pays a visit.

iii. If greater than 5%, then that station is out of
tolerance.This may be due to mA or kV calibra-
tion. If significant, then place that mA station
‘out of operation’ and contact the service
department for advice.

iv. An estimation of mA calibration error can be
made by a comparison exposure, changing time
only. This needs an initial time setting of 0.1
second or greater. For example, if the suspect
mA station of 200 mA showed a low output, and
on changing the exposure time to 0.11 second
still showed a slightly low output, then the mA
station is more than 10% out of calibration.

v. Besides a possible change of mA or kV calibra-
tion, the timer may not be accurate. A single-
phase generator can have an error of plus or
minus 0.01 seconds.This is a large error at short
time settings. A ‘Spinning top’ test can indicate
single-phase generator exposure times. See
appendix ‘B’ page 169.

● Record all calibration settings used with the step-
wedge in the logbook. Include the kV,mAs,FFD,and
the cassette used. This will allow a quick set-up
when this test is repeated. Save the films for 
comparison with future tests.

Table 1–a. Selection of mAs values for test

mA Time mAs mA Time MAs

500 0.04 20 100 0.3 30

400 0.05 20 150 0.2 30

200 0.1 20 300 0.1 30

100 0.2 20



TASK 2

X-ray control familiarization 
Part 1
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You have just been transferred to an X-ray department in another hospital, and have been requested to commence
a routine maintenance programme. You are not familiar with this particular X-ray control. The control is situated
in a standard Bucky table room, with an over-table X-ray tube only.

1. Locate the manufacturer model and serial number, for recording in the logbook. (In some cases, it may be
necessary to look behind the control desk or X-ray control cabinet.) 

2. Check carefully the range and type of controls. Some are unfamiliar. Suggest a way that the function of these
controls may be verified.

3. Check and list the full range of mA stations available. Which mA stations are available for the broad focus,
and for the fine focus? 

4. Is individual selection of fine and broad focus available? If so, which mA stations may be used on either fine
or broad focus? 

5. It is possible that initial inspection indicates the control operates on selection of mAs and kV only. (‘Two knob’
technique.) Is there a control switch to enable operation by individual selection of mA, time, and kV? (‘Three
knob’ technique.) 

6. Older basic X-ray controls often have a meter and knob to adjust line voltage. If your unit has such a system,
does the meter have a calibration mark? Is it possible to adjust line voltage so the meter indicates excessive
voltage, as well as low line voltage? 
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7. kV selection and method of generation depends greatly on the type, model and age of X-ray control being
investigated. From your general inspection, which method of kV generation is applicable to this control?

Single phase, self rectified.

Single phase, full wave rectified.

Three phase, six or twelve pulse.

High frequency inverter system.

Capacitor discharge.

8. Discuss possible methods to identify the other versions of kV generation.

9. What is the maximum and minimum possible kV to select with this X-ray control? (Make this test after select-
ing low mA and a short exposure time.) 

10. Is it possible to obtain a simultaneous selection of maximum kV, mA, and time? In this case an overload or
exposure inhibit signal should be indicated. What form does this take? 

11. On some controls, selection of a high mA station and low kV may generate an overload or inhibit signal, even
for very short exposure times. This inhibit signal disappears on increasing kV, or reducing mA. Does this apply
to this X-ray control? 

Discuss the reason for such a protection, and to which part of the X-ray tube this is applicable.

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor



TASK 3

X-ray control familiarization 
Part 2
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You have identified the functions of the various controls on the X-ray generator control desk. In addition, you have
made a test to ensure the overload protection system is working, and correct line voltage can be obtained. It is
now time to make test exposures, and carefully observe the system in operation.

1. Ensure the X-ray tube collimator is closed, and the tube is angled away from the control desk.

2. Select 100mA, 60kV and 0.1 s time. (Or 10mAs if individual selection is not available). Ensure there are no
warning lights or signals displayed. Select non-Bucky operation.

3. Press the preparation switch. Note; if a single button controls both preparation and exposure, at this point, only
press it half way.

4. Carefully observe the control panel. Did any meters change their reading, or indicator lamps immediately signal
a different operation mode? 

5. Shortly after pressing the preparation switch, the control should indicate ‘Ready for exposure’ How is this 
indicated? Approximately how long is the delay time before ‘ready’ is indicated? 

6. Release the preparation switch, and again press to go into preparation. This time listen carefully for sounds of
a relay or contactor. It is possible several may operate. Hint. If the X-ray control has a door that may be opened,
this will allow better observation. Take care not to touch or open any of the internal sections.

7. Once again carry out preparation. This time listen carefully at the X-ray tube. It should be possible to hear the
anode speed up, and when preparation is released, to slowly slow down.

You may need an assistant to carry out preparation for you, as you will need to be close to the X-ray tube.

Is the acceleration of the anode during preparation clearly audible? 

Does the anode gradually slow down when preparation is released? 
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8. If the X-ray tube is operated at high-speed, you should hear a fast drop in anode speed when preparation is
released.This is the brake cycle.There are two types of brake cycle.The DC brake cycle quickly slows the anode
to a complete stop.A dynamic brake cycle will quickly reduce the anode speed to about 3000 RPM, after which
the anode gradually slows down to a full stop.

Assuming high-speed operation.
On release of preparation, does the anode come quickly to a full stop? 

Or, does the anode quickly brake to a slow speed, then very slowly coast to a full stop? 

9. Once again, go into preparation mode. This time, when ‘ready’ appears, press the exposure button. Keep press-
ing this button after the exposure ends. At the same time carefully observe the control panel.

Does a radiation ‘On’ indicator light up on the control panel? 

Does an audible signal occur during the exposure? 

Is there an indication of the mA or mAs generated during the exposure? 

If the control has an mAs meter, does the reading of the mAs meter remain until the exposure, or preparation,
switch is released? 

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor



During the routine maintenance check, you decide to ensure the X-ray tube operating parameters are within safe
limits. You also want to check if this X-ray tube allows optimum use of the generator output power.

Please note; this test assumes the generator has independent selections of mA and time. Some controls may
allow an mAs mode as well as individual selection of mA and time. In that case switch off the mAs mode.

If the control only provides mAs selection, this test is still valid, providing the control indicates which mA 
position is actually in use.

1. Locate the make, model and serial number, also the focal spot sizes, of the X-ray tube.
a. Note, in some cases the label with this information may be on the side of the X-ray tube throat. You may

need a mirror and torch to read the label.
b. Enter this information into the routine maintenance logbook, and check sheet.

2. Depending on the mains power-supply frequency, what is the theoretical maximum anode speed for low speed
operation?

a. Input power-supply frequency.

b. Anode speed, low speed operation.

3. Does this generator have a high-speed starter? If so;
a. What is the frequency generated by the high-speed starter? (Two common frequencies are 150hz and 

180hz)
Hint. Refer to the specifications for the starter, in either the operation or installation manual for the starter,
or the generator. The frequency generated by the starter need not be related to the power frequency.

b. Depending on the starter frequency, what is the possible maximum anode speed?

c. Is high speed anode rotation:
i. Always high-speed?

ii. Automatic selection between high or low speed depending on the X-ray tube load?

iii. High or low-speed is individually selected by the operator?

4. Is the generator single or three-phase operation? (A high frequency generator is considered three-phase.)
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TASK 4

Test for X-ray tube overload
calibration 
Part 1
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5. From the information obtained in the preceding parts, select the appropriate anode load charts from the X-
ray tube specification or operation manual. Note. To avoid mistakes, tick the appropriate charts, and place a
cross against the unwanted charts.

6. Select a suitable series of exposure times. Times of 0.01, 0.03, 0.1, 0.3, 1.0, and 3.0 seconds are suggested.
Using these times, determine from the charts the maximum kV/mA product that is allowed.
● kV max is the maximum kV indicated on the charts for an individual mA/time selection.
● kV test refers to the maximum kV the control would allow for an exposure, at the same selections of

mA/time. This should be less than kV max.

a. Broad focus
i. Time _______ mA _______ kV-max _______ kV-test _______

ii. Time _______ mA _______ kV-max _______ kV-test _______

iii. Time _______ mA _______ kV-max _______ kV-test _______

iv. Time _______ mA _______ kV-max _______ kV-test _______

v. Time _______ mA _______ kV-max _______ kV-test _______

vi. Time _______ mA _______ kV-max _______ kV-test _______

b. Fine focus.

i. Time _______ mA _______ kV-max _______ kV-test _______

ii. Time _______ mA _______ kV-max _______ kV-test _______

iii. Time _______ mA _______ kV-max _______ kV-test _______

iv. Time _______ mA _______ kV-max _______ kV-test _______

v. Time _______ mA _______ kV-max _______ kV-test _______

vi. Time _______ mA _______ kV-max _______ kV-test _______

7. Using the values for time, mA, and kV max, set the control to the predetermined mA and time. Advance the
kV setting until the control indicates an inhibit signal. Enter that value for kV-test.
a. If the control has optional high and low speed operation, the above test should first be made with high-

speed selected.After which make a second test for low speed, using data from the appropriate load charts.
b. Some later model controls may have a selection for ‘Load full’ or ‘Maximum load’. Ensure this selection is

made for the above test.

8. Compare kV-max and kV-test. kV-test should be less than kV-max. Are there any points where kV-test is just
under or slightly over kV-max?

Express an opinion if this could be a reason for concern. For example, are normal exposures close to these
limits?



9. Compare the generators rated maximum output, at 0.1 second, with that of the X-ray tube. (Also at 0.1
second). Does the present tube make optimum use of the generator power?

10. Based on (9), if the X-ray tube was replaced, would you prefer any change in the X-ray tube specifications?
Discuss the reasons why.

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor

X-RAY EQUIPMENT MAINTENANCE AND REPAIRS WORKBOOK

30



PART II. ROUTINE MAINTENANCE MODULES

31

TASK 5

Test for X-ray tube overload
calibration 
Part 2

You have verified the anode load parameters are operating within the X-ray tube specifications. There remain two
areas to test.

1. Maximum kV protection.
a. Select the large focal spot, combined with the lowest mA station and a short time.
b. From the X-ray tube specifications, what is the maximum kV that may be used? 
c. Increase the kV selection at the generator. Is an exposure inhibit generated before the maximum kV is

reached? 

2. Minimum kV protection.
a. From the X-ray tube rating charts, examine the fine and broad focus characteristics, and look for a possi-

ble mA limitation related to kV. As an example, a 60kV curve may be shown part dotted, or have a cut off
line. This indicates the maximum mA available for that kV value.

b. Take care to use the charts related to either single or three-phase operation, depending on the generator
mode of operation.

i. From the chart data, are any generator mA stations affected by this restriction? 

ii. What is the minimum kV for these mA stations? 

c. Select the affected mA station and set a short time.Try reducing kV below the indicated minimum level for
that station. Is an exposure inhibit generated before that level is reached? 

d. If it is possible to adjust kV below the minimum kV requirement, describe how accidental operation could
be reduced, or what action should be taken.

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor



Aim

The aim is to provide routine maintenance procedures
for a mobile X-ray generator.Within the mobile gener-
ator capabilities, a similar check is made as used for
a fixed installation. Maintenance includes mechanical
operation of the mobile, together with the X-ray tube
and collimator. Instructions for repairs to the mobile
are provided in module 6.1 page 90.

Capacitor discharge mobile procedures are pro-
vided in module 1.3 page 37.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance procedures for a mobile X-
ray generator. These procedures can be used as a
version of quality control, together with the routine
maintenance check-sheets provided in the appendix.

Contents

a. General precautions
b. Visual inspection of the control panel, power off
c. Mechanical and electrical inspection, power off
d. Operation inspection of the control panel, power on
e. Mechanical and electrical inspection, power on
f. X-ray tube and collimator
g. Milliampere calibration
h. Radiation reproducibility
i. Radiation linearity

Equipment required

■ Basic tool kit.
■ X-ray alignment template. *
■ Stepwedge. *
■ 24/30cm Cassette.
■ Two pieces of lead rubber.
■ Aerosol spray lubricant.
■ Cleaning solvent.
■ Cloth.

* The template and stepwedge is described in appen-
dix ‘B’ page 169.
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MODULE 1.2

X-ray generator, mobile unit

a. General precautions

● Before removing any covers, or testing any wires or
connections, ensure the system is switched off, and
unplugged from the power point.

● Mobile high-frequency generators may be battery
operated. The batteries in these are connected in
series, and may have a total voltage of up to 240 V
DC. Refer to the operating or installation manuals
for the position of the battery isolation switch, and
ensure this is switched off before removing any
covers.

● If the power plug has loose connections, have an
electrician check the plug. The plug may be assem-
bled incorrectly.

b. Visual inspection of the control panel,
power off

● Check all knobs and switches. Where knobs have 
a pointer attached, check that the pointer aligns
correctly at all positions of the indicated scale.
Tip. Check the pointer at full clockwise and counter
clockwise positions of the knob. Look for possible
loose knobs, or for push button switches that may
tend to stick.

● Where controls have had extra labels attached, are
these labels still relevant? If so, are they in good
condition?

● Older X-ray mobiles often have analogue meters
instead of digital displays.



i. With power switched off, the meter needle
should be on the ‘zero’ calibration mark.

ii. If not, first tap gently in case the meter tends
to ‘stick’. If the needle is not sitting on the zero
mark, most meters have a small adjustment
screw in the middle for zero calibration.

iii. Caution. Contact the service department before
adjusting. In some cases, the meter may be
deliberately adjusted ‘off zero’, as an incorrect
method of calibration.

● With the aid of a suitable solvent, clean off the
residue left behind from sticking plaster, and pieces
of sticky tape.

c. Mechanical and electrical inspection,
power off

● Look for any loose panels or sections. Pay particu-
lar attention to the mounting of the collimator.With
a screwdriver, check for possible loose screws, par-
ticularly with the tube support arm and the verti-
cal bearing tracks.

● With the X-ray tube set to minimum height, check
the vertical suspension wire rope for possible broken
strands. CAUTION, do not test with bare fingers, and
instead test by rubbing the cables up and down
using a piece of cloth.

● Check the action of the tube-stand bearings. Are
there any visible gaps between the bearings and 
the track surface? Also are there any ‘clunking’
noises or ‘jerking’ when moved, which can indicate
damaged bearings.

● Spray the tube stand tracks and bearings with a
light aerosol lubricant.Wipe down afterward, so only
a very small film is left on the tube stand tracks.

● Check for possible loose lock handles, and ensure
manually operated locks have an adequate range of
adjustment.

● Ensure the mobile brakes operate in a positive
fashion when the hand is released from the handle,
and that they are fully released while the mobile is
travelling.

● Pay particular attention to the cabling from the X-
ray tube and tube stand. All movements of the
system should not cause any stress or pulling of the
cables.

● Inspect the HT cables for any sign of damage to the
safety earth shield at the X-ray tube cable ends.
Ensure the cable ends are firmly inserted into the
X-ray tube, and the securing ring nut is not loose.

● Where there is evidence of twisting or pulling on the
HT cables, particularly at the X-ray tube end, inves-

tigate means of providing additional support. If nec-
essary, discuss with the service department.

● Examine carefully all plugs and sockets attached to
cable ends.The outer insulation of cables should not
be pulled out from the cable clamp.

● Check the condition of the power cable. If neces-
sary, remove the plug cover, and ensure terminations
are tight, and no connections are stretched or have
broken strands. Should the cable exhibit excessive
twisting, or have cracks in the outer sheath, ask an
electrician for to replace the cable or plug.

● Older mobiles with battery operated power assis-
tance should have the battery electrolyte level
checked.
i. Ensure first that the power cable is unplugged

from the power point.
ii. To gain access to the battery, refer to the oper-

ation or service manual.
iii. Top up with either distilled water or else fresh

rainwater.
iv. Later systems use sealed or ‘low maintenance’

batteries. This includes high-frequency mobile
generators.

d. Operation inspection of the control panel,
power on

● Check all indicator lamps etc. If necessary, operate
different selection techniques to ensure all required
status indicators operate correctly.

● Where a digital readout of radiograph settings 
is provided, select a number of different values 
to ensure there are no display errors or missing 
segments.

● Older controls may have manual adjustment of
power line voltage, with a meter indicating correct
compensation. Check the range of adjustment. It
should be possible to reset the voltage by 10%,
above or below, the required voltage.

● With battery-operated equipment, check the status
of the battery charge indicator. If low,place the unit
on charge, and check that after a reasonable time
the system indicates fully charged.This time should
not be greater than an overnight period.

e. Mechanical and electrical inspection,
power on

● Test operation of the electromagnetic locks. There
should be no hesitation in operation, nor should the
lock ‘stick on’. In some cases the surface of the lock
may require cleaning, to obtain a better ‘grip’
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● With power assisted mobiles, check for correct
operation in all forward and reverse modes. Where
there is an anti-crash bumper, manually operate the
bumper. This should stop motor drive. (Do NOT test
by standing in front while the unit is moving
forward)

f. X-ray tube and collimator

● Inspect the X-ray tube housing for possible oil leaks.
● When in preparation, listen for excessive X-ray tube

bearing noise.
● Check the operation of the collimator lamp timer.

With mechanical timers, listen for possible sticking
of the clockwork.

● Check the alignment of the collimator lamp and 
X-ray beam. This should be checked through 180
degrees rotation of the collimator.

● The collimator has a scale associated with the
adjustment knob to indicate the field size.The knob
can slip on the shaft, or not be correctly positioned
after replacing a collimator globe.
i. Place a 24/30 cm cassette on the tabletop.

Adjust the FFD to 100 cm
ii. With the collimator light switched on, check the

knob pointer indicates the correct position on
the scale.

iii. If necessary, reposition the knob on the shaft.
iv. Repeat this test for other cassettes in use.
v. If the scale is worn or not legible, use a marker

pen to indicate positions for common cassettes
in use. Order a new scale from the service
department.

vi. While waiting for a new scale, ensure you have
a spare collimator globe in stock.

● To test the rotation accuracy of the light beam;
i. Rotate the collimator 90 degrees in either 

direction.
ii. With the light on, open the collimator so an

average size field is projected on the tabletop.
For example, a 24/30 cm cassette size.

iii. Place markers to indicate the light beam 
position.

iv. Now rotate the collimator 180 degrees in the
opposite direction. The light field should be
within 1% or better, compared to the previous
position. If not, see module 7.2 page 110.

● To test the alignment of the X-ray to the light beam;
i. Place the X-ray alignment template on a 

24/30 cm cassette.
ii. Adjust the FFD to 100 cm.
iii. Adjust the light beam to the template markers.
iv. Make a low kV and mAs exposure.

v. Develop the film.
vi. Measure the distance where the X-ray does not

coincide with the markers. Any error should be
inside the compliance requirements for the
country. See module 7.2 page 110.

vii. Repeat this test, with the collimator rotated 90
degrees clockwise, and 90 degrees counter
clockwise.

viii. If there is an alignment problem, see module
7.2 page 110.

g. mA calibration

● Some microprocessor-controlled mobiles allow mA
to be checked and also calibrated via the front panel.
These systems require either an internal switch to be
operated,or else a code entry at the panel.To test or
adjust calibration, the procedure in the manufac-
turer’s service manual must be referred to.

● This test only applies to older mobiles that allow
individual selection of mA and time. A panel
mounted mA meter is also required.
i. Use 70~80kV and an exposure time of around

1.0 second. (The actual exposure time used
should allow the mA meter to just reach a
steady reading)

ii. Select the mA station to be tested, and obtain
preparation.Wait about 1.0 second after ‘ready’
is obtained, then expose. Record the reading
obtained from the mA meter.

iii. Milliampere should be within 10% of the
required value.

● Repeat the above for all mA stations, and both focal
spots. Caution, as the X-ray tube for the mobile will
have a small heat capacity, allow cooling time be-
tween exposures.

● Filament pre-heat test.
i. Select the highest mA station, and 60 kV. Go

into preparation, and immediately ‘ready’ is ob-
tained, make an exposure.

ii. Make another exposure. This time wait about
one second after ‘ready’ is obtained, before
exposing.

iii. If the difference between the two tests is more
than 5%, contact the service department for
advice. The generator should have the filament
pre-heating adjusted, or else a small increase in
preparation time.

h. Radiation reproducibility

● This test should be carried out after the film proces-
sor has received its routine maintenance.
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rubber prevents unwanted radiation entering the
cassette.

● For this test, select an mAs value that can be
repeated over a number of mA stations by chang-
ing time factor only.

● Set 80kV, and a FFD of 100cm.
● Using the selected value of kV and FFD make 

a series of exposures, changing the mA station,
and adjusting time setting to obtain the same 
mAs.
i. Allow about 0.5~1.0 second delay after prepa-

ration is completed, before exposing. This is 
to ensure the filament has reached a stable
temperature.

ii. If the film is too light, select a different mAs
value, or kV, and repeat the test.

iii. If the film is too dark, add extra aluminium
under the step wedge. Or, place a sheet of paper
between one side of the film, and the intensify-
ing screen in the cassette.

● It may not be possible to obtain the same mAs value
for all mA stations. In this case, select a different
mAs value, but include one of the mA stations 
previously tested. Repeat the test with the new
selection of mA values.

● This is illustrated in table 1–b, where 10ma is used
for both the 20mAs and 30mAs comparisons.
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● Position the stepwedge on a 24/30cm cassette.
● Several exposures can be made on the one piece of

film. Place two pieces of lead rubber on top of the
cassette, positioned against either side of the step-
wedge. As the stepwedge is repositioned, the lead
rubber prevents unwanted radiation entering the
cassette.

● Adjust the FFD to 100cm
● Select a suitable mAs and kV combination, and

make a total of four exposures.
i. Allow about 0.5~1.0 second delay after prepa-

ration is completed, before making each expo-
sure. This is to ensure the filament has reached
a stable temperature.

ii. After each exposure, reposition the stepwedge
and lead rubber on the cassette

iii. Develop the film. As the exposure settings are
the same for all exposures, the film should show
very little variation.

iv. If necessary, change kV or mAs so the film dis-
plays a good range of densities, then repeat this
test.

● To test filament-heating stability, make another
series of four exposures, using the same settings 
as before. This time expose immediately ‘ready’ is
obtained.

● Develop the film and compare to the first series of
exposures. If any significant difference is obtained,
either filament pre-heating or preparation time may
need adjustment. Contact the service department
for advice.

i. X-ray output linearity test, using 
a step-wedge

Note. This test is only applicable to mobiles with 
independent selection of mA and time settings.

This is an important check on overall performance. By
using a stepwedge, a comparison test may be made,
not only between the mA stations of the unit under
maintenance, but also with other units in the 
department.
Note. This test will indicate variations in kV output, as
well as mAs.

● This test should be carried out after the film proces-
sor has received its routine maintenance.

● Position the stepwedge on a 24/30cm cassette.
● Several exposures can be made on the one piece of

film. Place two pieces of lead rubber on top of the
cassette, positioned against either side of the step-
wedge. As the stepwedge is repositioned, the lead

Table 1–b. Selection of mAs values for test

mA Time mAs mA Time MAs

50 0.4 20 10 3.0 30

40 0.5 20 15 2.0 30

20 1.0 20 30 1.0 30

10 2.0 20

● If one of the mA stations shows a significant change
in density, make another test with that mA station
only, but this time change kV.
i. Providing the required kV change is not more

than 2~3%, the station is within tolerance.
ii. If no more than 3~5% it is still within tolerance.

However, make a note in the maintenance
record, and have the calibration checked next
time the service department pays a visit.

iii. If greater than 5%, then that station is out of
tolerance.This may be due to mA or kV calibra-
tion. If significant, then place that mA station
‘out of operation’. Contact the service depart-
ment for advice.



iv. Besides a possible change of mA or kV calibra-
tion, the timer may not be accurate. A single-
phase generator can have an error of plus or
minus 0.01 seconds.This is a large error at short
time settings. A ‘Spinning Top’ can check single-
phase generator exposure times. See appendix
‘B’ page 169.

Record all calibration settings used with the step-
wedge in the logbook. Include the kV, mAs, FFD, and
the cassette used. This will allow a quick set-up when
this test is repeated. Save the films for future com-
parison tests.
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Aim

The aim is to provide routine maintenance procedures
for a capacitor discharge (CD) mobile generator.
Within the CD mobile capabilities, a similar check is
made as for a conventional mobile.There are however,
some important differences. These relate to the non-
linear output due to the kV/mAs relationship,plus other
modes of operation. Maintenance includes mechanical
operation of the CD mobile, together with the X-ray
tube and collimator. Instructions for repairs to the CD
mobile are provided in module 6.2 page 94.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance procedures for a portable
X-ray generator. These procedures can be used as a
version of quality control, together with the routine
maintenance check-sheets provided in the appendix.

Contents

a. General precautions
b. Visual inspection of the control panel, power off
c. Mechanical and electrical inspection, power off
d. Operational inspection of the control panel, power

on
e. Mechanical and electrical inspection, power on
f. X-ray tube and collimator
g. mAs calibration
h. Radiation reproducibility

Equipment required

■ Basic tool kit.
■ X-ray alignment template.*
■ Stepwedge.*
■ 24/30 cm Cassette.
■ Two pieces of lead rubber.
■ Aerosol spray lubricant.
■ Cleaning solvent.
■ Cloth.

* The template and stepwedge is described in appen-
dix ‘B’ page 169.
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MODULE 1.3

X-ray generator, capacitor
discharge mobile

a. General precautions

● Before removing any covers, or testing any wires or
connections, ensure the system is switched off, and
unplugged from the power point.

● If the power plug has loose connections, have an
electrician check the plug. The plug may be assem-
bled incorrectly.

● Do NOT make any adjustments to the HT cables
without first discharging the capacitor. See module
6.2 page 94.

b.Visual inspection of the control panel,
power off

● Check all knobs and switches. Where knobs have a
pointer attached, check that the pointer aligns cor-
rectly at all positions of the indicated scale.
Tip. Check the pointer at full clockwise and counter
clockwise positions of the knob. Look for possible
loose knobs, or for push button switches that may
tend to stick.

● Where some mobiles have had extra labels
attached, are these labels still relevant? If so, are
they in good condition?



● Older CD mobiles have an analogue kV meter
instead of a digital display. With power off, the
meter needle should be on the ‘zero’ calibration
mark, providing the capacitor is fully discharged.
If not, first tap gently in case the meter tends to
‘stick’.Do not attempt to adjust the meter zero posi-
tion without reference to the service manual, and
operation of the internal capacitor discharge device.

● Other CD mobiles may have a line voltage meter.
This meter should read zero on power off. If neces-
sary, the meter zero position may be adjusted by the
centre screw. Tap the meter gently first, to ensure
the meter is not sticking.

● With the aid of a suitable solvent, clean off the
residue left behind from sticking plaster, and pieces
of sticky tape.

c. Mechanical and electrical inspection,
power off

● Inspect for any loose panels or sections. Pay par-
ticular attention to the mounting of the collimator.
With a screwdriver, check for possible loose screws,
particularly with the tube support arm and the 
vertical bearing tracks.

● With the X-ray tube set to minimum height, check
the vertical suspension wire rope for possible broken
strands. CAUTION, do not test with bare fingers.
Test instead by rubbing the cables up and down with
a piece of cloth.

● Check the action of the tube-stand bearings. Are
there any visible gaps between the bearings and the
track surface?

● Are there any ‘clunking’ noises or ‘jerking’ move-
ments, when the X-ray tube is positioned? This can
indicate damaged bearings.

● Spray the tube stand tracks and bearings with a
light aerosol lubricant.Wipe down afterward, so only
a thin oil film is left on the tube stand tracks.

● Check for possible loose lock handles, and ensure
manually operated locks have an adequate range of
adjustment.

● Ensure the mobile brakes operate in a positive
fashion when the hand is released from the handle,
and that they are fully released while the mobile is
travelling.

● Pay particular attention to the cabling from the X-
ray tube and tube stand. All movements of the
system should not cause any stress or stretching of
the cables.

● Inspect the HT cables for any sign of damage to 
the safety earth shield at the X-ray tube cable 

ends. Ensure the cable ends are firmly inserted into
the X-ray tube, and the securing ring nut is not
loose.

● Note. Never remove the HT cable ends unless the
capacitor is fully discharged, and the capacitor
safety switches are operated. See module 6.2 page
94.

● Where there is evidence of twisting or pulling of the
HT cables, particularly at the X-ray tube end, inves-
tigate means of providing additional support. If nec-
essary, contact the service department for advice.

● Examine carefully all plugs and sockets attached to
cable ends.The cable outer insulation should not be
pulled out from the cable clamp.

● Check the condition of the power cable. If neces-
sary, remove the plug cover, and ensure terminations
are tight, and no connections are stretched or have
broken strands. Should the cable exhibit excessive
twisting, or have cracks in the insulation, replace-
ment is required. An electrician should carry out any
repairs to the power cable or plug.

● With motorized mobiles check the battery elec-
trolyte level.
i. Ensure the power cable is unplugged from the

power point.
ii. To gain access to the battery, refer to the opera-

tion or service manual.
iii. Top up with distilled water or else fresh 

rainwater.
iv. If the mobile is fitted with a ‘low maintenance’

battery, contact the service department for
advice.

d. Operational inspection of the control panel,
power on

● Check all indicator lamps operate.
● For CD mobiles equipped with an analogue or

digital kV meter, test the kV adjustment for correct
operation.
i. Set the required kV to 60kV and press the

charge button.
ii. The charge light should illuminate. Once the

required kV is reached, then the ‘ready’ lamp
should light up.

iii. Check that the kV displayed on the meter
closely agrees with that indicated at the kV
control knob.

iv. Observe the kV meter for a few minutes. The
kV should slowly drop back by about 2~3kV,
then return briefly to the charge mode. (This is
called ‘topping up’)
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ii. With the collimator light switched on, check the
knob pointer indicates the correct position on
the scale.

iii. If necessary, reposition the knob on the shaft.
iv. Repeat this test for other cassettes in use.
v. If the scale is worn or not legible, use a marker

pen to indicate positions for common cassettes
in use. Order a new scale from the service
department.

vi. While waiting for a new scale, ensure you have
a spare collimator globe in stock

● Check the alignment of the collimator lamp and 
X-ray beam. This should be checked through 180
degrees rotation of the collimator.

● To test the rotation accuracy of the light beam;
i. Rotate the collimator 90 degrees in either 

direction.
ii. With the light on, open the collimator so an

average size field is projected on the tabletop.
For example, a 24/30cm cassette size.

iii. Place markers to indicate the light beam 
position.

iv. Now rotate the collimator 180 degrees in the
opposite direction. The light field should be
within 1% or better, compared to the previous
position. If not, refer to the collimator service
notes.

● To test the alignment of the X-ray to the light beam;
i. Place the X-ray alignment template on a 

24/30cm cassette.
ii. Adjust the FFD to 100cm.
iii. Collimate the light beam to the outer 20 by 

26cm rectangle.
iv. Make a low kV and mAs exposure.
v. Develop the film.
vi. Measure the distance where the X-ray does not

coincide with the markers. Any error should 
be inside the compliance requirements for the
country. See module 7.2 page 110.

vii. Repeat this test, with the collimator rotated 
90 degrees clockwise, and 90 Degrees counter
clockwise.

viii. If there is an alignment problem, see module
7.2 page 110.

● Check operation of the ‘dark current’ shutter. This
is an additional lead shutter fitted close to the focal
spot. Its purpose is to block all radiation except
when making a radiographic exposure. (In some
mobiles, the shutter is retracted immediately prior
to the exposure, in other mobiles the shutter is
retracted during preparation.)
i. Place the X-ray alignment template on a 

24/30cm cassette.
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v. Increase the set kV to 90kV. The charge light
should illuminate, until the kV meter reaches
90kV.

vi. Now reset the required kV back to 60kV. The
X-ray ON light should illuminate. At the same
time the indicated kV should quickly drop down
to the required value.

vii. Note. A low mA X-ray exposure is produced
when the kV is reset. Radiation is blocked in
this mode by a lead shutter in the collimator.

viii. In case the kV resets very slowly, similar to dis-
charge prior to topping-up, this can indicate a
problem. See module 6.2 page 94.

● Some CD mobiles have an adjustment for power line
voltage. A meter indicates when the voltage is
correct. Check the range of adjustment, to ensure
compensation may be set approximately 10% above
or below the required voltage.

● Note. The power line voltage adjustment can
directly affect the kV charge on the capacitor.

● With motorized mobiles, check the status of the
battery charge indicator. If low, place the unit on
charge. Charging time should not be greater than
an overnight period.

e. Mechanical and electrical inspection,
power on

● Test operation of the electromagnetic locks. There
should be no hesitation in operation, nor should the
lock ‘stick on’. In some cases the surface of the lock
may require cleaning to obtain a better ‘grip’

● With motorized mobiles, check for correct opera-
tion in all forward and reverse modes. Where there
is an anti crash bumper, manually operate the
bumper. This should stop motor drive. (Do NOT test
by standing in front while the unit is moving
forward)

f. X-ray tube and collimator

● Inspect the X-ray tube housing for possible oil leaks.
● During preparation, listen for excessive X-ray tube

bearing noise.
● Check the operation of the collimator lamp timer.

With mechanical systems, listen for possible stick-
ing of the clockwork.

● The collimator normally has a scale associated with
the adjustment knob to indicate the field size. The
knob can slip on the shaft, or not be correctly posi-
tioned after replacing a collimator globe.
i. Place a 24/30cm cassette on the tabletop.

Adjust the FFD to 100cm



ii. Adjust the FFD to 100cm
iii. Adjust the light beam to the central markers.
iv. Set 90kV on the control panel, and press the

charge button.
v. When the mobile indicates ‘ready’, or ‘charging

completed’, do not expose or enter preparation.
Instead, reset the kV down to 60kV.

vi. A low mA X-ray exposure is produced when the
kV is reset. Radiation is blocked in this mode by
the dark-current shutter in the collimator.

vii. Wait till the control again indicates ‘ready’, and
then process the film. The film should be clear,
and not indicate any patterns from the align-
ment test phantom.

g. mAs calibration

● Note. This only applies to mobiles fitted with an mAs
control, and a kV meter.

● A CD mobile has a direct relationship of mAs and
kV. During an exposure, the kV will drop by one kV
per mAs. (This is for a one microfarad mobile)

● Ensure the collimator is fully closed.
● Select 90kV and 20mAs
● Once charging is completed, make an exposure,

observing the kV meter.There should be a drop from
90kV to 70kV.

● (In some cases a smaller drop of kV may occur. For
example, from 90 to 72kV. This is due to capacitor
manufacturing tolerance.)

● Select several other combinations of kV and mAs
and repeat the above test.

h. Radiation reproducibility

● This test should be carried out after the film proces-
sor has received its general maintenance. The test
films can be used for comparison with future tests.

● Adjust the FFD to 100cm.
● Place the stepwedge on a 24/30cm cassette.
● Several exposures can be made on the one piece of

film. Place two pieces of lead rubber on top of the
cassette, positioned against either side of the step-
wedge. As the stepwedge is repositioned, the lead
rubber prevents unwanted radiation entering the
cassette.

● Select a suitable mAs and kV combination, and
make a total of four exposures.
i. After each exposure, reposition the stepwedge

and lead rubber on the cassette.
ii. Develop the film. As the exposure settings are

the same for all exposures, the film should show
very little variation.

iii. If necessary, change kV or mAs so the film dis-
plays a good range of densities, then repeat this
test.

● Note. If a step wedge is not available, a water
phantom may be used. In which case a series of four
films are required.

● Record all calibration settings used with the step-
wedge in the logbook. Include the kV,mAs,FFD,and
the cassette used. This will allow a quick set-up
when this test is repeated. Save the films for future
comparison tests.
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Aim

The aim is to provide routine maintenance procedures
for a portable X-ray generator.Within the portable gen-
erator capabilities, a similar check is made as for a
mobile generator.The portable generator may be either
self-rectified, or else full wave rectified. The stationary
anode X-ray tube and HT transformer are contained in
a single housing. Maintenance includes mechanical
operation of the portable, together with the X-ray tube
and collimator. Instructions for repairs to the portable
generator are provided in module 6.1 page 90.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance procedures for a portable
X-ray generator. These procedures can be used as a
version of quality control, together with the routine
maintenance check-sheets provided in the appendix.

Contents

a. General precautions
b. Visual inspection of the control panel, power off
c. Mechanical and electrical inspection, power off
d. Operation inspection of the control panel, power on
e. X-ray tube and collimator
f. mA calibration
g. Radiation reproducibility

Equipment required

■ Basic tool kit.
■ X-ray alignment template.*
■ Stepwedge.*
■ 24/30 cm Cassette.
■ Two pieces of lead rubber.
■ Aerosol spray lubricant.
■ Cleaning solvent.
■ Cloth.

* The template and stepwedge is described in appen-
dix ‘B’ page 169.
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MODULE 1.4

X-ray generator, portable unit

a. General precautions

● Before removing any covers, or testing any wires or
connections, ensure the system is switched off, and
unplugged from the power point.

● If the power plug has loose connections, have an
electrician check the plug. The plug may be assem-
bled incorrectly.

b.Visual inspection of the control panel,
power off

● Check all knobs and switches. Where knobs have a
pointer attached, check that the pointer aligns cor-
rectly at all positions of the indicated scale.
Tip. Check the pointer at full clockwise and counter
clockwise positions of the knob. Look for possible

loose knobs, or for push button switches that may
tend to stick.

● Where extra labels have been attached, are 
these labels still relevant? If so, are they in good
condition?

● The generator will often have an analogue line-
voltage and mA meter. These meters should read
zero on power off. If necessary, the meter zero 
position may be adjusted by the centre screw. Tap
the meter gently first, to ensure the meter is not
sticking.

● Caution; check the meter zero position when the
control is mounted, or placed, in its usual position.

● With the aid of a suitable solvent, clean off the
residue left behind from sticking plaster, and pieces
of sticky tape.



c. Mechanical and electrical inspection,
power off

● Look for any loose panels or sections. Pay particu-
lar attention to the mounting of the collimator.With
a screwdriver, check for possible loose screws, par-
ticularly with the tube support arm and the verti-
cal bearing tracks.

● Check the operation of the height adjustment
system. Does it operate smoothly without binding
or sticking?

● Check the action of the height adjustment bear-
ings. Are there any visible gaps between the bear-
ings and the track surface?

● Are there any ‘clunking’ noises or ‘jerking’ move-
ments, when the X-ray tube is positioned? This can
indicate damaged bearings.

● Check for possible loose lock handles, and ensure
the locks have an adequate range of adjustment.

● Spray the height adjustment tracks and bearings
with a light aerosol lubricant.Wipe down afterward,
so only a thin oil film is left on the height adjust-
ment tracks.

● Examine carefully all plugs and sockets attached to
cable ends.The outer insulation of cables should not
be pulled out from the cable clamp.

● Check the condition of the power cable. If neces-
sary, remove the plug cover, and ensure terminations
are tight, and no connections are stretched or have
broken strands. Should the cable exhibit excessive
twisting, or have cracks in the insulation, ask an
electrician to replace the cable or plug.

d. Operation inspection of the control panel,
power on

● Check all indicator lamps operate in each mode of
operation.

● Check the range of adjustment of line voltage, to
ensure this may be set approximately 10% above or
below the optimum position.
Note. Adjustment of the line voltage can directly
affect the radiographic kV.

e. X-ray tube head and collimator

● Look for possible oil leaks.
● Check operation of the collimator lamp timer. (If

fitted)
● With clockwork lamp timers, check for possible

sticking of the clockwork.
● To test the alignment of the X-ray to the light beam;

i. Place the X-ray alignment template on a 
24/30cm cassette.

ii. Adjust the FFD to 100cm.
iii. Collimate the light beam to the outer 20 by 

26cm rectangle.
iv. Make a low kV and mAs exposure.
v. Develop the film.
vi. Measure the distance where the X-ray does not

coincide with the markers. Any error should be
inside the compliance requirements for the
country. See module 7.2 page 110.

vii. Some units may be fitted with a rotating col-
limator. Repeat this test, with the collimator
rotated 90 degrees clockwise, and 90 degrees
counter clockwise.

viii. If there is an alignment problem, see module
7.2 page 110.

f. mA calibration

● Note. Depending on system design, mA selection
may be linked to the kV knob. Other units may have
an independent selection of mA.

● Ensure the collimator is fully closed.
● Select 60kV and the maximum associated mA

station. Select an exposure time of 1.0 second.
● Commence preparation, and expose when prepara-

tion is complete. Observe the mA meter, and record
the indicated value.

● Repeat this test for all other mA and kV combina-
tions. Record the results.

● If mA on any position has an error of more than
10%, recalibration is required. On some systems,
this may be accessed with a screwdriver through an
access hole. Please refer to the operation or service
manual before adjusting.

● If in doubt, contact the service department for
advice.

g. Radiation reproducibility

● This test should be carried out after the film proces-
sor has received its general maintenance.

● Place a stepwedge on a 24/30cm cassette.
● Several exposures can be made on the one piece of

film. Place two pieces of lead rubber on top of the
cassette, positioned against either side of the step-
wedge. As the stepwedge is repositioned, the lead
rubber prevents unwanted radiation entering the
cassette.

● Adjust the FFD to 100cm.
● Select a suitable mAs and kV combination, and

make a total of four exposures.
i. After each exposure, reposition the stepwedge

and lead rubber on the cassette.
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ii. Develop the film. As the exposure settings are
the same for all exposures, the film should show
very little variation.

iii. If necessary, change kV or mAs so the film dis-
plays a good range of densities, then repeat this
test.

● Note. If a step wedge is not available, a water
phantom may be used. In which case a series of four
films are required.

Record all calibration settings used with the step-
wedge in the logbook. Include the kV,mAs,FFD,and
the cassette used. This will allow a quick set-up
when this test is repeated. Save the films for future
comparison tests.
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MODULE 2.0

X-ray tube-stand

a. General precautions

● Electrical safety.
i. In most installations the tube-stand power will

come from the generator, but in some installa-
tions, switching off the generator does not
remove power from the tube stand.

ii. Before removing any covers, ensure the genera-
tor is switched off, and the room power isolation
switch is also turned off.

iii. This also applies if testing wiring connections, or
electrical components.

● If removing an X-ray tube, or collimator.
i. See module 7.1 page 104, and module 7.2 page

110.
ii. Ask an electrician or electronics technician for

assistance.
iii. Do not rely on the vertical lock system.
iv. Attach a rope so that the system cannot move

upwards, once the weight of the collimator or
X-ray tube is removed.

v. The X-ray tube is heavy. Removal or replacement
requires two people.

vi. Make a diagram of electrical connections.
Attach labels to wires or high-tension cables.
This is to ensure correct connection when an 
X-ray tube or collimator is replaced.

vii. Place all screws or other small parts in a box,
so they are not lost.

● Do not place a ladder against a tube stand.The tube
stand may suddenly move.

● An adjustment to any tube-stand bearing requires
skill, and good mechanical knowledge. When a
problem is identified, request a mechanic, or 
the service department, to make the required
adjustments.

b. Mechanical and electrical inspection

● Inspect for any loose panels or sections. Pay par-
ticular attention to the collimator and the control
panel.

● Check the tube-stand suspension, tracks and 
bearings.

X-RAY EQUIPMENT MAINTENANCE AND REPAIRS WORKBOOK

44

E

Aim

The aim is to provide routine maintenance procedures
for the X-ray tube-stand, or suspension. The instruc-
tions provided are for the floor ceiling tube stand.Most
of these procedures can also be applied to a ceiling
mounted tube suspension. Repair procedures are pro-
vided in module 7.0 page 99.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance procedures for the X-ray
tube-stand.These procedures can be used as a version
of quality control, together with the routine mainte-
nance check-sheets provided in the appendix.

Task 6, ‘X-ray tube-stand maintenance’, should be
attempted on completion of this module.

Contents

a. General precautions
b. Mechanical and electrical inspection
c. Tube-stand lateral centre
d. Tube stand command arm, or panel

Equipment required

■ Basic tool kit.
■ X-ray alignment template. *
■ 24/30 cm cassette.
■ Aerosol spray lubricant.
■ Cleaning solvent.
■ Cloth, for cleaning.

* The template is described in appendix ‘B’ page 169.



i. With the X-ray tube set to minimum height,
check the vertical suspension wire rope for
broken strands. CAUTION, do not test with bare
fingers.Test by rubbing the cables up and down
with a piece of rag.

ii. With the vertical lock released, the X-ray tube
should balance in the vertical direction. It
should need the same effort to move either up
or down.

iii. Check the action of the tube-stand bearings.
Are there any visible gaps between the bear-
ings and the track surface?

iv. Are there any ‘clunking’ noises or ‘jerking’
movements, when the X-ray tube is positioned?
This can indicate damaged bearings.

v. Check the vertical guide rails. Look for loose
mounting screws.

vi. Spray the tube stand vertical guides and bear-
ings with a light aerosol lubricant. Wipe down
afterward, so only a thin oil film is left on the
vertical guide rails.

vii. Clean any accumulated dirt on and inside the
floor track. Spray the track and tube-stand
floor-bearings with a light aerosol lubricant.
Wipe off any excess.

viii. Look for loose mounting screws along the floor
rail.

ix. Observe the position of the bearings on the
ceiling rail.These should be fully engaged along
the full length of the rail. Check the rail is prop-
erly fastened in place, and does not move.

● Check for loose mechanical lock handles, and
ensure manually operated locks have an adequate
range of adjustment.

● Test operation of the electromagnetic locks. There
should be no hesitation in operation, nor should the
lock ‘stick on’. In some cases the surface of the lock
will require cleaning, to obtain a better ‘grip’ when
operated.

● HT cables should be supported at the X-ray tube, to
minimize twisting or pulling at the cable end.

● Pay attention to the cabling from the X-ray tube and
tube stand. Any movements of the system should
not cause any stress or stretching of the cables.
Nylon or plastic cable-ties should be used to secure
loose cables, not sticking plaster.

● Examine carefully all places where cables pass into
different sections of the tube-stand.
i. Where the cables pass though holes in a metal

cover, there should be protective inserts to avoid
damaging the cable insulation.

ii. Look for possible damage to the outer insula-
tion of electrical cables.

iii. Check electrical cables where they enter plugs
and sockets, the outer insulation may be pulled
back, exposing individual conductors.

c.Tube-stand lateral centre

Lateral centring over the Bucky table should be
checked in both directions. In some cases this may be
accurate only when approached from one direction.

i. Tape a thin piece of wire, or a paper clip, to the
centre of a 24/30cm cassette. Place the cas-
sette in the Bucky.

ii. Position the X-ray tube to the lateral centre
position.

iii. Adjust the table top also to the lateral centre
position.

iv. Bring the collimator face to rest on the table-
top, and ensure it is flat against the tabletop.
Then rise to 100cm S.I.D.

v. As the collimator moves away from the table-
top, check that the light beam remains central
to the tabletop. If not, adjust the tube angle 
a small amount so the light beam remains in
position.

vi. If the tube-stand centre position appears incor-
rect, this may need adjustment. Before adjust-
ing, continue with the rest of these checks.

vii. Place the X-ray alignment template on the
centre of the tabletop.

viii. Adjust the light beam to the template markers.
ix. Select a low kV and mAs, expose and develop

the film.
x. The radiation field should be centred to the

template markers. If not, the collimator
requires adjustment. This should be corrected
before any adjustment to the tube-stand
centre. See module 7.2 page 110.

xi. The position of the template marker is com-
pared to the wire marker on the cassette. This
checks the tabletop centre accuracy. If not
correct, see module 8.0 page 121.

xii. If the tube stand centre is not correct, see
module 7.0 page 99.

● After checking lateral centring to the table Bucky,
check the centring to the wall Bucky.
i. Keep the X-ray tube rotation in the trunnion

rings at the same setting for the Table Bucky.
ii. Bring the collimator close to, or up against the

wall Bucky. The light field should be centred to
the Bucky-centre mark.

iii. Move the tube stand away from the Bucky to
the distance normally used. The light beam
should remain centred.
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iv. In case of a small error, a compromise adjust-
ment of the tube rotation in the trunnion rings
may be made. Otherwise, see module 7.0 page
99, and module 8.0 page 121.

d.Tube stand command arm, or panel

● The X-ray tube trunnion-ring rotation-lock should
operate firmly, and prevent unwanted rotation.

● Hand grips should not be loose.
● The indicator for tube angle should rotate smoothly,

and not hesitate before changing its position.

● Check all indicator lamps and switches for correct
operation.

● Check alignment of the Bucky centre light. (When
fitted.)

● Ensure all labels are legible.
● With a tape measure, check for correct indication

of the focal spot to Bucky distance. (FFD.)
● Rotate the tube head and check the angulation

indicator operates smoothly and does not stick.
● Clean and remove remains of sticking plaster, adhe-

sive tape, etc.
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TASK 6

X-ray tube-stand maintenance

The X-ray tube stand in room 1 is due for its maintenance check.
Carry out this check, using the maintenance checklist provided in appendix ‘D’ of this workbook as a guide.

What is the tube stand model No? Serial No? 

Was it necessary to make any adjustments? (Provide details) 

Are there any areas still requiring attention? 

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor
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MODULE 2.1

X-ray tube

a. General precautions

● Before disconnecting any wires, or removing a
cover, always ensure power is turned off and
unplugged from the power point. If the equipment
is part of a fixed installation, besides switching 
the generator power off, ensure the isolation power
switch for the room is also switched off.

● During the seasoning technique, make sure the col-
limator is closed. Aim the X-ray tube away from the
X-ray control.

● If a problem occurs during seasoning, stop. Depend-
ing on the symptoms, see module 7.1 page 104, or
module 7.3 page 117.

b. X-ray tube inspection

● Check rotation of the X-ray tube in the trunnion
rings. The locking device should hold the housing
firmly in place, but allow free rotation on release.

● Ensure no attachments, such as a command arm
control panel, or collimator, have become loose.

● Examine electrical cables to the X-ray tube. Ensure
they are securely clamped into position, and not
subject to being pulled. Where cables pass into the
housing, they should be protected from sharp edges.

● Inspect the HT cables for any sign of damage to the
safety earth shield, at the X-ray tube cable ends.

● Ensure the HT cable ends are firmly inserted into the
X-ray tube, and the securing ring nut is not loose.
Note. In some systems there is a locking screw on
the side of the ring nut. Undo this screw first, and
then check the ring nut is fully tightened, then re-
fasten the locking screw.This check is most impor-
tant if the X-ray tube or cables have recently been
replaced.

● Where there is evidence of twisting or pulling on the
HT cables, particularly at the X-ray tube receptacle,
investigate means of providing additional support.
If necessary, contact the service department.

● Examine the X-ray tube housing for any oil leaks.
● At the generator, go into preparation, then release

preparation without exposing. Listen to the anode
rotation for excessive noise.
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Aim

The aim is to provide routine maintenance procedures
for the X-ray tube.This includes techniques to improve
the high-voltage performance or reliability of the X-ray
tube. Fault diagnostic procedures are provided in
module 7.1 page 104.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance procedures for the X-ray
tube. These procedures can be used as a version of
quality control, together with the routine maintenance
check-sheets provided in the appendix.

Contents

a. General precautions
b. X-ray tube inspection
c. X-ray tube ‘seasoning’

Equipment required

■ Basic tool kit.
■ Cable ties.



● If a high-speed tube, check that the anode brake
cycle operates normally.
i. Some systems use direct current (DC brake) to

bring the anode to rest.
ii. Other use alternating current, to bring the speed

down to 3000rpm,after which the anode coasts
to rest.

c. X-ray tube seasoning

● This is also called ‘ageing’,and is a process to reduce
residual gas in the X-ray tube. Seasoning improves
the stability of the tube,when operated at high kV.

● Seasoning should always be performed if a new X-
ray tube is installed, or has not been used for more
than one month. The same applies where the tube
has not been used over 80~90kV for some time,
and then it is desired to use 110kV or higher.

● If using an X-ray tube of 125kV capacity at 110kV
or higher, seasoning should be performed each day
prior to use. If the tube is rated at 150kV, the same
applies if operating above 125kV.

● During seasoning, an X-ray tube may at first appear
unstable.After two to three exposures,the tube should
now be stable. If not, see module 7.1 page 104.

● Many manufacturers specify a seasoning procedure.
This can be found in the X-ray tube operation 
or installation manual. Operation or installation
manuals for mobile generators may include a sea-
soning procedure.

● Table 2–a is suggested for a 150kVp X-ray tube with
a fixed installation.

● Table 2–b is typical for a mobile generator, with a
125kVp tube.

Note
i. Recommended output is 200 mA and 0.1 sec

for 20 mAs. For 10 mAs use 100 mA and 
0.1 sec.

ii. # Steps 1,2, and 3 are only required if the tube
is just installed, or has not been in use for more
than one month.

iii. * If, for example, you never use above 125 kV,
then ignore steps 11 and 12.

iv. ** Although an X-ray tube is rated at 150 kV,
this is the absolute maximum rating. This can
reduce as the tube becomes worn, and espe-
cially as metal evaporation collects on the glass.
Operation above 140 kV may result in prema-
ture failure.
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Table 2–a. Seasoning technique for a 150 kVp 
X-ray tube

Step kV mAs Times Pause time
(Seconds)

1 # 60 20 2 40

2 # 70 20 2 40

3 # 80 20 2 40

4 90 20 2 40

5 100 20 2 40

6 110 20 2 40

7 115 20 2 40

8 120 20 2 60

9 125 20 2 60

10 130 10 4 60

11 135* 10 4 60

12 140** 10 2 60

Table 2–b. Seasoning technique for a 125 kVp
tube

Step kV mAs Times Pause time
(Seconds)

1 # 60 10 2 40

2 # 70 10 2 40

3 # 80 10 2 40

4 90 10 2 40

5 100 10 2 40

6 110 10 2 50

7 115 10 2 50

8 120* 10 2 60

9 125* 10 2 60

Note
i. The majority of mobiles provide selection of mAs

only. If mA and time selection is available, then
aim for exposure times less than 0.3 sec.

ii. # Steps 1,2, and 3 are only required if the tube
is just installed, or has not been in use for more
than one month.

iii. * If, for example, you never use above 110kV,
then ignore steps 8 and 9.



MODULE 2.2

X-ray collimator

a. General precautions

Whenever changing a collimator lamp, always ensure
power is turned off and equipment unplugged from the
power point. If the equipment is part of a fixed in-
stallation, besides switching the generator power off,
ensure the isolation power switch for the room is also
switched off.

b. General maintenance

● Check electrical cable to the collimator. Ensure the
cable entry is protected against sharp edges of 
the collimator housing. Rotation of the collimator
should not stretch or pull the cable.

● Check the operation of the collimator blades.These
should stay in position when adjusted, and not slip
if the X-ray tube is repositioned. If adjustment of
the clutch or brake is required, see module 7.2 page
110. (Do not rely on adhesive tape to hold the knob
in position.)

● Check the operation of the collimator lamp timer.
With clockwork systems, look for possible sticking
of the mechanism.

● Evaluate the intensity of the light beam from the
collimator. If too dim, see module 7.2 page 110.

● Check the type of globe fitted, and make sure you
have a spare globe in stock. Note. Some globes may
appear similar but have the filament in a different
position. See module 7.2 page 110.

● The following precautions should be observed if
changing the globe.
i. Ensure power to the generator and/or tube

stand is turned off.
ii. If a globe has just failed, wait for it to cool

down.
iii. When unpacking and inserting a new globe, do

not handle it directly. Instead use a tissue or a
piece of cloth so your fingers do not touch the
globe. This is very important when handling
Quartz-Halogen globes.
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Aim

The aim is to provide routine maintenance procedures
for the X-ray collimator. These maintenance sugges-
tions are for a standard collimator used on a standard
tube-stand. Adjustment procedures are provided in
module 7.2 page 110.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance and performance checks
for the X-ray collimator.These procedures can be used
as a version of quality control, together with the
routine maintenance check-sheets provided in the
appendix.

Task 7,‘X-ray tube and collimator maintenance’, should
be attempted on completion of this module.

Contents

a. General precautions
b. General maintenance
c. Alignment tests

Equipment required

■ Basic tool kit.
■ X-ray alignment template.*
■ 24/30 cm cassette.
■ Cloth, for cleaning.
■ Detergent.

* The template is described in appendix ‘B’ page 169.



c. Alignment tests

● Check the crosshair alignment of the front trans-
parent cover.
i. With the collimator blades almost closed, the

crosshair should be in the centre of the light
field. Check at both horizontal and vertical 
settings.

ii. If adjustment is required, on most collimators,
the cover may be moved after loosening the four
retaining screws. (In some cases, the cover may
at first stick in place.)

● Check the Bucky centre light, if fitted. If out of
alignment, see module 7.2 page 110.

● The collimator has a scale combined with the
adjustment knob to indicate the field size.The knob
can slip on the shaft, or not be correctly positioned
after replacing a collimator globe.
i. Place a 24/30cm film on the tabletop, and

position the X-ray tube 100cm above the 
tabletop.

ii. With the collimator light switched on, adjust
the light field to the film size.

iii. Check that the knob pointer indicates the
correct position on the scale.

iv. If necessary, reposition the knob on the shaft.
v. Repeat this test for other films in use.
vi. If the scale is worn or not legible, contact the

service department and obtain a new scale. In
the meantime, use a marker pen to indicate
positions for common cassettes in use.

vii. Attention to the scale is important. The lamp
might fail, and the spare globe has already been
used.

● To test the alignment of the X-ray to the light beam;
i. Place the X-ray alignment template on a 

24/30cm cassette.

ii. Collimate the light beam to the outer 20 by 
26cm rectangle.

iii. Make a low KV and mAs exposure.
iv. Develop the film.
v. In many cases the collimator is enabled to

rotate. Repeat the above test, with the collima-
tor rotated 90 degrees clockwise, and then 90
degrees counter clockwise.

vi. If there is an alignment problem, see module 7.2
page 110.

● Does the alignment meet the required compliance?
Two versions are provided as an example only. The
actual compliance requirement will depend on 
individual country regulations.
i. The X-ray field edges should not deviate by more

than 2% of the distance between the plane of
the light field and the focal spot.
[ a1 ] + [ a2 ] £ 0.02 ¥ S.
[ b1 ] + [ b2 ] £ 0.02 ¥ S.
Where S is the distance from the focal spot, a1
and a2 are the two sides on one axis, and b1
and b2 are the two sides of the other axis.
For example, at a FFD of 100cm, if the two ver-
tical edges of the light field were displaced by
1.0cm, this would be at the limit of acceptance.
If only one edge was displaced, then 2.0cm is
at the limit of acceptance.

ii. Another version has a different requirement.
The total misalignment of any edge of the light
field with the respective edge of the irradiated
field must not exceed 1% of the distance
between the plane of the light field and the
focal spot.
For example, at a FFD of 100cm, the maximum
displacement of any edge should be less than
1.0cm.
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TASK 7

X-ray tube and 
collimator maintenance

The X-ray tube and collimator in room 1 is due for its maintenance check.
Carry out this check, using the maintenance checklists provided in appendix ‘D’ of this workbook as a guide.

What is the X-ray tube model No? Serial No? 

Focal spot sizes are; Broad focus. Fine focus.

Collimator model No? Serial No? 

Examine carefully the HT cables as they enter the X-ray tube. Note, you will need to undo the retaining ring nut,
and slide back the cable support clamp.

Is the safety earth shield in good condition? 

Examine the collimator globe. How would you describe this globe if requesting a replacement? (Hint, look in the
parts manual) 

Carry out tests for X-ray beam and light beam alignment. Is this correct for all rotation positions of the 
collimator? 

If alignment is outside acceptable limits, explain how to readjust the collimator.

Were any adjustments required? Provide details.

Do any areas still require attention? 

Tutor’s comments

Satisfactory/Unsatisfactory

Signed Date

Tutor
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MODULE 3.0

Bucky table and vertical Bucky

a. General precautions

Please take the following precautions.

● Before removing a cover, always switch the genera-
tor power off, and ensure the isolation power switch
for the room is also switched off.

● When removing the cover from a vertical Bucky,
make sure the Bucky cannot move upwards when
the cover is removed. For example, attach a rope 
to hold it in position, or remove the cover with the
Bucky set to maximum height.

● Keep all screws, or other small parts in a container,
to avoid loss.

b. Bucky table

● Examine the physical condition of the table. Clean
the remains of adhesive tape etc from the table
body.

● Hint. Car polish, designed to ‘rejuvenate’ faded and
oxidised paint, can often improve the appearance of
an older table. Silicon furniture polish can assist in
removing scuffmarks and fingerprints etc.

● Check for loose screws on the tabletop profile rails.
The rails can become loose due to using a com-
pression device.

● Examine the condition of the compression device.
Check for correct operation. Remove the band from
the mechanism, and have it laundered.

● Check the operation of switches and indicator
lamps.

● With an elevating Bucky table, use a tape measure
to check the table height at the centre stop 
position.

● Check the operation of the magnetic locks.
Note. Some movements may have two or more
magnetic locks. Carefully observe these locks and
ensure all locks are actually in operation. If adjust-
ment is required, see module 8.0 page 121.

● Check the operation of the tabletop lateral centre-
stop. Where this is mechanical, the spring tension
may need adjustment. In case of operation by the
magnetic locks, the stop position is normally 
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Aim

Aim is to provide routine maintenance procedures for
the Bucky table and vertical Bucky. Adjustment and
repair procedures are provided in module 8.0 page
121.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance and performance checks
for the Bucky table and vertical Bucky. These pro-
cedures can be used as a version of quality control,
together with the routine maintenance check-sheets
provided in the appendix.

Contents

a. General precautions.
b. Bucky table.
c. Potter Bucky.
d. Vertical Potter Bucky.

Equipment required

■ Basic tool kit.
■ Torch.
■ Aerosol spray lubricant.
■ Cloth, for cleaning.
■ Detergent.



controlled by a microswitch. Adjustment of this
microswitch can control the width and position of
the centre-stop operating position. See module 8.0
page 121.

● Move the tabletop in all positions. If there is scrap-
ing or binding in some positions, check the position
of the locks. Look also for a faulty bearing.

● Spray the bearing tracks and bearings with a light
aerosol lubricant, then clean the residue away from
the tracks, so only a thin film is left.

c. Potter Bucky

● Move the Bucky to both ends of the table. Check
that the Bucky carriage operates smoothly, and that
the Bucky lock operates correctly in all positions
across the table.

● Electrical cables to the Bucky should be firmly
attached at the Bucky, and no twisting or puling
occurs on the cable, at any position of the Bucky.

● Where there is a folding support arm for the con-
necting cable, look for possible binding or excessive
‘droop’. This can indicate loose mounting screws.

● Spray the Bucky track with a light aerosol lubricant,
and then wipe the residue from the track.

● Remove the Bucky tray. With a torch, examine the
Bucky interior for lost film markers.

● Look for loose screws holding the tray handle. Take
care not to over-tighten, as this might damage the
thread.

● Test the action of the Bucky tray cassette clamps.
If they do not hold the cassette firmly, see module
8.0 page 121.

● Spray the moving sections on the underside of the
Bucky tray with a light aerosol lubricant, move the
cassette clamps in and out, and then clean off all
residue. Take care that no residue appears on top
of the tray.

● Test the grid oscillation.
i. At the generator, select the lowest mA station,

50kV, and exposure time of 1~2 seconds.
ii. Ensure the collimator is closed, and the tube is

positioned away from the Bucky. Then make an
exposure with the Bucky selected.

iii. During the exposure, check for smooth opera-
tion of the grid.

iv. Watch for any shaking,or vibration of the Bucky,
as the grid reverses its movement. Or else, just
as the grid first starts to move.

v. Should shaking or vibration occur, this can
cause reduced sharpness of the radiograph. If
this occurs, contact the service department for
advice.

d.Vertical Potter Bucky

● The vertical Bucky should be checked in the same
manner as the table Bucky, but with the following
provision for retrieving lost film markers. These
markers can fall into the motor section at the
bottom of the Bucky, and may cause a problem. To
inspect, it is necessary to remove the front cover.
i. With power off, ensure the vertical lock firmly

holds the Bucky in place. If not, keep the Bucky
in position by tying with a rope, or by adding
extra weights.

ii. Carefully examine the method of attaching the
front cover. In most cases this is a series of
screws around the front cover. Other systems
may attach by screws on the top and bottom
sides.

iii. If separating profile rails from the front cover,
make a small mark so they can be returned to
the same position, including left and right, on
re-assembly.

iv. After removal of the front cover, look carefully
for any film markers. A torch will help to locate
them.

v. Re-assemble the front cover, taking care not to
over-tighten any screws.

● Check operation of the vertical lock.
● Vertical movement. Check and lubricate the verti-

cal track. Wipe off any excess.
● Check the rotation or tilt lock. (Only on Bucky with

this option)
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MODULE 3.1

Tomography attachment

a. General precautions

Please take the following precautions.

● Before removing a cover, always switch the genera-
tor power off, and ensure the isolation power switch
for the room is also switched off.

● Keep all screws, or other small parts in a container,
to avoid loss.

b. Mechanical and electrical inspection

● Inspect all sections of the attachment for loose or
missing screws.This can be a common problem with
some coupling arms.

● Inspect connecting cables. The outer insulation of
electrical cables should not be pulled out from the
plug or socket cable clamps.Plugs or sockets should
be in good condition and fit firmly into position.

● Check the rotation lock on the tube stand.With the
rotation lock ‘off’, the X-ray tube should rotate
easily.

● The Bucky lock should disengage, and the Bucky
move freely along the guide rails.

● When assembling the unit, pay attention to bear-
ings or pivot points, which the coupling arm passes
through. The arm should move up and down freely.

● When attaching the coupling arm to the tube
stand, ensure the clamp holds the arm firmly.

● With the coupling arm attached, switch off the tube
stand longitudinal-lock. Disengage the tomographic
motor, and push the tube stand by hand to each
end of the normal tomographic travel. Check that
the tube stand and Bucky moves smoothly, and
there is no sudden jerking to the movement. (This
test depends on individual system design, and may
not be possible with some units)

● Check the fulcrum height adjustment. This should
operate smoothly, and have a clear indication of
setting height.This may be a scale and pointer, or a
digital readout in later systems.
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Aim

Aim is to provide routine maintenance procedures for
a tomographic attachment. This may be fitted to a
standard tube stand, or integrated with a Bucky table.
Adjustment and repair procedures are provided in
module 8.1 page 127.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance and performance checks
for the tomographic attachment. These procedures
can be used as a version of quality control, together
with the routine maintenance check-sheets provided
in the appendix.

Contents

a. General precautions.
b. Mechanical and electrical inspection
c. Operation test.
d. Performance test.

Equipment required

■ Basic tool kit.
■ Tomography resolution tool.*
■ Or, tomography test tool.*

* The tomography resolution tool is described in
appendix ‘B’ page 169.

* A tomography test tool is described in the WHO
‘Quality assurance workbook.’



c. Operation test

● This test may be performed by using the ‘Reset’
switch to drive the unit to either direction. If this
facility is not available, or is only available at a 
slow speed, then it is necessary to produce a radi-
ographic exposure. In this case, select minium kV
and mA, an exposure time sufficient to allow full
operation, and ensure the collimator is closed.

● Operate the tube stand travel in all speeds and
modes of operation. Check for the following 
possibilities.
i. Lack of positive drive during the start of travel.

For example, the drive system is slipping.
ii. Poor stopping position or overshoot at the end

of travel, especially when operated at maximum
speed and angle.

iii. Shaking or uneven travel through the active area
of movement. Some initial shaking may occur at
the start of travel, but should stop before reach-
ing the exposure position.

d. Performance test

● This is a test for layer height, and providing the
tomography resolution test is used, an evaluation of
image sharpness.

i. Select a low kV and mA position.
ii. Select a medium angle. Set exposure time to

suit the speed and angle.
iii. Adjust the fulcrum height to the centre height

position of the test piece.
iv. Perform a tomographic exposure.
v. Examine the film.There should be even blurring

of the test objects above and below the test
piece centre, which should be sharply defined.

vi. If the top and bottom paper clips are not
equally blurred, then adjust the fulcrum height
a small amount, and repeat this test.

vii. If the central paper clips are blurred in any
direction, this can indicate shaking or uneven
movement of the Bucky, or tube stand. See
module 8.1 page 127.

viii. Repeat this test using the maximum angle and
speed, then again using minimum speed.

ix. Retain the films as a record. Include on the
films the exposure setting and mode of 
operation.

● In case the fulcrum height is incorrect, or the image
sharpness is poor, record the test procedures used.
Include the tomograph speed and angle. Contact
the service department for advice.
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MODULE 4.0

Fluoroscopy table

a. General precautions

● Before removing any cover, always switch the gen-
erator power off, and ensure the isolation power
switch for the room is also switched off.

● If removing a cover, or dismantling any section,
place the screws in a container to avoid loss.

b. Mechanical and electrical inspection

● Make a general inspection of the table body and
serial-changer. Tighten any loose screws, or panels
and fittings.

● Check the rails holding the tabletop in place.
Tighten any loose screws.

● Examine all suspension system cables and chains
for any sign of wear, or uneven tension in the case
of dual systems.

● Check electrical cables, particularly at the rear of
the table. Pay special attention to cables that may
be twisted or tangled. It may be necessary to
remove existing cable ties, reposition the cables, and
then install fresh cable ties. (Use plastic or nylon
cable ties only)

● Where electrical cables enter the table, check that
the cable clamps properly secure them.The protec-
tive outer insulation of the cable should not be
pulled back, exposing inner conductors.

● The serial-changer should be able to move smoothly
from the ‘park’ position, and lock firmly into place.

● Check the operation of all switches and operation
lights on the serial-changer.

● Additional control switches are sometimes placed
on the side of the table body. Patient trolleys can
damage these switches.

● Older systems with a demountable image intensifier
(II).
i. The II should balance vertically when removed

from the serial-changer.
ii. The II should be held firmly in position when

clamped to the serial-changer. Look for loose
clamps.

● Is the serial-changer lead-rubber radiation shield in
good condition? Can it be easily positioned?
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Aim

Aim is to provide routine maintenance procedures for
the fluoroscopy table. These procedures are intended
for an under-table tube fluoroscopy table. The under-
table Bucky maintenance procedures are described in
module 3.0 page 53.

Fluoroscopy TV maintenance is provided in module
4.1 page 60. Adjustment and repair procedures are
provided in module 9.0 page 130.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance and performance checks
for the fluoroscopy table. These procedures can be
used as a version of quality control, together with the
routine maintenance check-sheets provided in the
appendix.

Contents

a. General precautions.
b. Mechanical and electrical inspection.
c. Operation test, table body.
d. Operation test, serial-changer (Spot filmer).
e. X-ray beam alignment.
f. Cleaning.

Equipment required

■ Basic tool kit.
■ Torch.
■ Spirit level.
■ Cloth, for cleaning.
■ Detergent.



● With the aid of a torch, make a careful examina-
tion for lost film markers inside the serial-changer.

● The footrest requires careful attention. If there is
any tendency for the locking mechanism to slip, this
will require urgent correction.

c. Operation test, table body

● Check operation of all locks.The serial-changer ver-
tical lock should operate quickly when operated,
and not ‘stick on’ when released.

● Check all switches and indicator lamps for correct
operation.This especially includes those on the table
body, which may be damaged by patient trolleys.

● Operate the tabletop in all positions. Listen for any
unusual squeaks or bearing rattles.

● On tabletops fitted with a lateral centre stop, the
stop position should be checked. Use the proce-
dures described in module 2.0 page 44.

● Rotate the table to the vertical and Trendelenburg
positions. Listen for unusual bearing or motor noise
while the table is rotating. Does the table stop
quickly after the rotation control is released,or does
it tend to continue or ‘coast’ for a short while? This
could indicate a failure of the motor brake system.
Contact the service department for advice.

● The table should stop in the horizontal position, on
returning from the vertical position.Use a spirit level
to check the horizontal position.

● With the table tilted at maximum position in either
direction, check the electrical cables are not pulled
tight, or restrict the movement of the serial-
changer up and down the table.

● Some tables have power assistance for movements,
such as longitudinal movement of the serial-
changer; this should be smooth and free from
sudden jerks. See module 9.0 page 130.

● Some tables have safety anti-crash bars or flaps.
Pushing against these safety devices should prevent
the table from rotating.

● With the vertical or compression lock ‘on’, operate
the tabletop longitudinal movement. On some
tables, movement should not operate, and on
others, the vertical lock should release on move-
ment of the tabletop. If not, contact the service
department. There may be a safety upgrade 
available.

● Place a standard 24/30cm cassette in the serial-
changer. With the vertical lock ‘off’, check for ver-
tical balance when moved up and down.

● Rotate the table into the vertical position.With the
serial-changer longitudinal lock ‘off’, check the

serial-changer and tower assembly for balance,
while moving it along the table body.

d. Operation test, serial-changer (Spot filmer)

● Compression cone movement should operate
smoothly, and lock into position.
i. If the movement is stiff or hesitant, try clean-

ing the slide tracks, then spray with an aerosol
lubricant.

ii. Operate several times, and wipe off any excess
spray.

● Some serial-changers have manually operated ‘close
to film’ shutters. These are coupled to the film
format selection. If stiff or hesitant, clean and lubri-
cate the tracks in the same manner as for the com-
pression cone.

● Manually operated cassette movement.
i. Load a 24/30cm cassette in the tray.
ii. Select a low kV and mAs setting at the X-ray

control.
iii. At the serial-changer, select the four-spot

mode.
iv. Set the collimator control to ‘Automatic’.
v. Advance the cassette, and expose all four 

divisions. Watch the cassette as it moves into
the 3rd spot division. If the cassette ‘slams’
into position, a pneumatic ‘damper’ may need
replacement. Contact the service department
for advice.

vi. Process the film, and check that the four spots
are evenly distributed around the film, are the
same size, and without overlap.

vii. If incorrect, see module 9.0 page 130.
viii. Provide a similar test for other split formats.

● Motorized cassette movement.
i. Place a 24/30cm cassette in the cassette 

carriage.
ii. Press the ‘load’ button. The cassette should be

withdrawn and stop smoothly. A ‘bang’ at the
end of travel can indicate an adjustment
problem, caused by the cassette carriage over-
shooting, and hitting the end stop. Contact the
service department for advice.

iii. Press the ‘eject’ button. The cassette should
move to the ‘eject/load’ position, and stop
smoothly. There should be no ‘bang’ at the end
of travel to indicate travel ‘overshoot’. Enough
of the cassette should extend to allow easy
removal.

iv. Reload the 24/30cm cassette.
v. Select a low kV and mAs setting at the X-ray

control.
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vi. At the serial-changer, select the four-spot
mode.

vii. Set the collimator control to ‘Automatic’.
viii. Advance the cassette, and expose all four 

divisions. Watch the cassette as it moves into
the 3rd spot division, for possible failure of 
the movement damper. (Only on some older
systems)

ix. Process the film, and check that the four spots
are evenly distributed around the film, are the
same size, and without overlap. If incorrect, see
module 9.0 page 130.

x. Repeat the above test for other split formats
and film sizes.

e. X-ray beam alignment

● Install a 24/30cm cassette, and select the four-spot
mode.

● At the X-ray control, select a low level of fluoroscopy
kV and mA.This should be just sufficient to see the
position of the X-ray beam shown on the TV monitor.
(Or the fluorescent screen)

● With fluoroscopy ‘on’, manually collimate the beam
to the maximum four spot size.
i. The edge of the beam should be sharply defined

by the four-spot cone or by the ‘close to film’
shutters.

ii. In case one side is less sharp, and shows move-
ment with only a small adjustment of the colli-
mator, then beam alignment is incorrect.

● Observe the beam alignment with the serial-
changer at both minimum and maximum height
positions above the tabletop.

● Repeat the above test with the table tilted to
vertical position.

● Note. In most cases, beam alignment will shift a
little when the table is moved from horizontal to
vertical. The amount of misalignment is usually due
to flexing of the table framework. In some cases 
this may be due to incorrectly adjusted bearings.
Contact the service department for advice.

● If beam alignment is incorrect, see module 9.0 page
130.

f. Cleaning

● Due to the types of examinations, barium spills can
leave deposits under the tabletop, or on the pro-
tective cover under the tabletop. Inspect with the
tabletop moved to its maximum position in each
direction.

● Hint. Shine a torch beam between the tabletop and
the protective cover.

● Another cause of artefacts is contrast media from
an IVP examination.This is sometimes found under-
neath the serial-changer, as well as the tabletop.The
contrast media is not easy to see when it has dried
out.

● The contrast residues may be cleaned with a
mixture of household detergent and warm water.
Use sufficient to just dampen the cleaning cloth.

● Fluoroscopy tables are subject to marks from
patient trolleys etc.
i. These marks and scratches can be reduced with

the aid of car polish.
ii. The type to use is one with a mild abrasive,

advertized to ‘Restore faded or chalky paint’.
iii. Silicone furniture polish can help remove scuff-

marks, fingerprints etc.
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MODULE 4.1

Fluoroscopy TV

a. General precautions

● Before removing any cover, always switch the gen-
erator power off, and ensure the isolation power
switch for the room is also switched off.

● Do not remove the cover of the TV monitor. Dan-
gerous voltages can exist for a considerable time
after the monitor is switched off.

● Do not attempt any adjustments to the TV camera,
unless under instruction by the service department.

● If removing a cover, or dismantling any section,
place the screws in a container to avoid loss.

b. Mechanical and electrical inspection,
image intensifier (II)

● On older systems with a ceiling suspension.
i. If the unit is dismounted from the serial-

changer, the vertical balance should be neutral.
ii. When attached to the serial-changer, the clamp

or latch system should hold the II securely, with
minimum movement.

iii. Up and down movement should be free, without
binding or unusual noises.

iv. The ceiling suspension unit should travel freely.
(Some systems may hesitate before moving, this
is normal.)

● Electrical cables to the II and TV camera should be
securely attached. The cables should not be pulled,
or stretched, during table movements.

● Push buttons and selection switches should have
their function clearly marked. Note. Some knobs or
control settings may be for an option only, and not
be installed. This should be noted in the logbook.

c. Mechanical and electrical inspection,
TV system

● Electrical cables should be securely attached to the
monitor trolley. There should be no possibility of
pulling against cable connections. This also applies
in case of wall mounted plugs and sockets.

● Examine the video cable connection, both at the
monitor and TV camera. The cable should be firmly
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Aim

Aim is to provide routine maintenance procedures 
for the fluoroscopy TV system. These include checks 
for image sharpness, and the automatic brightness
control. The basic TV imaging system consists of an
image intensifier (II),TV camera, and monitor. Systems
with greater complexity, such as DSA and electronic
radiography, are not included. Adjustment and repair
procedures are provided in module 9.1 page 135.
(Note: Reference module page numbers refer to the
title page.)

Objectives

On completion of this module, the student will be
familiar with maintenance and performance checks
for the fluoroscopy TV system.These procedures can be
used as a version of quality control, together with the
routine maintenance check-sheets provided in the
appendix.

Contents

a. General precautions.
b. Mechanical and electrical inspection, image 

intensifier.
c. Mechanical and electrical inspection, TV system.
d. Image sharpness.
e. Automatic brightness/kV control.

Equipment required

■ Basic tool kit.
■ Resolution test piece.*
■ Plastic container for water phantom.

* A ‘V’ pattern test piece is described in appendix ‘B’
page 169.



attached to the plug, including the outer earth
shield. Moving the cable at the plug should not
cause any ‘flicker’ or change in the TV image.

● Check the video-input 75ohm termination-switch.
In the case of a single video connection only, this
should be ‘ON’. If two or more monitors, then the
switch on the end monitor should be ‘ON’, while the
middle monitor, with two video connections, should
be switched to the ‘OFF’ position. (In some cases, a
termination plug is fitted to the unused video ‘out’
connection.)

● Ensure the monitor is securely fastened to the
monitor trolley. This especially applies to monitor
trolleys with a tilting platform.

d. Image sharpness

● An evaluation of image sharpness or focus is best
carried out with a ‘Line pair’ gauge. The industry
standard is one made from 0.1mm lead.

● An alternate test piece for testing focus may be
constructed from long sewing needles arranged in
a ‘V’ pattern. See appendix ‘B’ page 169.

● There are several methods used to evaluate per-
formance of an imaging system. The basic method
described here is to indicate if resolution has drifted
below an acceptable level.
i. Tape the gauge onto the centre of the input

face of the image intensifier. If access is diffi-
cult, then tape the gauge to the under surface
of the serial-changer.

ii. To avoid interaction with grid lines, attach the
gauge so it is rotated approximately 25~45
degrees. (On some CCD TV cameras, this also
avoids interaction between pixels.)

iii. Lift the serial-changer to maximum height
above the tabletop.

iv. If the system has automatic kV control, this
should be turned off. Set manual fluoroscopy
kV to 50~55kV.

v. With fluoroscopy ‘on’, adjust kV or mA to
obtain a normal brightness and contrast image
on the monitor.

vi. Carefully observe the line-pair patterns. The
limiting definition is the line pair group that is
reasonably visible, while the next group is com-
pletely blurred out. (This can sometimes be a
good test of individual eyesight.)

vii. If using the ‘V’ pattern test piece, measure the
distance to the apex before blurring occurs.

viii. Record the line pair resolution, or ‘V’ pattern
distance obtained, and compare with any
earlier tests.

ix. Repeat this test for other field sizes if a multi-
field II is installed.

x. As a guide, with a 9≤ image intensifier, resolu-
tion should not be less than 1.0 line pairs/mm.
(Typical resolutions for current systems are 
1.4 line pairs/mm minimum for a standard 
CCD camera, while some higher performance
systems may achieve resolutions of more than
2.0 line pairs/mm.

xi. If image sharpness, or image quality, is not
good, see module 9.1 page 135.

e. Automatic brightness/kV control

● Automatic brightness adjusts the TV image as dif-
ferent sections of anatomy are examined.

● Automatic brightness normally controls the fluoro-
scopic output, either by kV or mA, or else a combi-
nation of both kV and mA. Older methods operate
by direct compensation in the TV camera only.
Current systems often use a combination of both
methods.

● Systems with automatic control of fluoroscopy kV
or mA.
i. Place a plastic bucket or container with about

3.0cm (1.25≤) of water on the tabletop.
ii. Bring the serial-changer down close to the

water phantom.
iii. With fluoroscopy ‘on’, the image on the monitor

should be a normal brightness level.
iv. If automatic control is by kV only, or mA only,

this may not provide complete compensation.
If the image has excess brightness, it may be
necessary to reset the manual adjustment.
For example.
—If automatic control is by kV only, and kV has

reached its minimum value of 50kV, but the
mA indicates 3.0mA, then reduce the fluo-
roscopic mA setting.

—If automatic control is by mA only, and the
manual kV was set to 120kV, then of course,
reduce kV.

v. Increase the height of water in the container
to about 18.0cm (7≤) of water.

vi. With fluoroscopy ‘on’ kV or mA should 
automatically adjust to maintain the correct
brightness.

vii. Close the collimator.Then with fluoroscopy ‘on’,
kV or mA should now reach its maximum value.

viii. Note. For the above tests, the brightness
should stabilize without oscillating up and
down in brightness level. (This means the ‘set-
tling time’ is not stable.)
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● Systems with automatic control of brightness by
the camera only.
i. Place a plastic bucket or container with about

5.0cm (2.0≤) of water on the tabletop.
ii. Set Fluoroscopy kV to about 60kV, and the mA

control to about 1.0mA.
iii. Bring the serial-changer down close to the

water phantom.
iv. With fluoroscopy ‘on’, the image on the monitor

should be a normal brightness level.

v. If overbright, and it is necessary to reduce kV
still further, the camera brightness control is not
effective.

vi. If brightness appears normal, increase kV in 
10kV steps, till the image becomes over bright,
or ‘flaring’ occurs. A good system should be able
to compensate up to about 100kV. (This is
based on a target-controlled vidicon TV camera.
CCD types may have reduced control.
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