3424  Capacitor discharge generators

In places with madequate mains supply, or In remote locations, capacitor
discharge generators are helpful A capacitor 15 charged to a high voltage just
before an exposure. The capacitor 1s connected to the X ray tube with the start and
length of exposure controlled by a grid. High tube currents and short exposure
tmes can be obtamed. However, discharming a capacitor implies a fallmg tnbe
voltage dunng exposure. Typically, voltage drops of ~1 kV/mAs are nsual As
kerma drops with voltage, the appropnate exposure of thick body parts can be
problemate.

3425  Constant voliage gencraiors

Constant voltage generators achieve a DC high voltage with mminmimal
npple through the use of a closed loop linear voltage controller (e.g. igh
voltage triodes) in senes with the tube. High frame rates and voltage stability
are achieved. Constant potential generators use a complex technology with high
costs of iInvestment and operation and, as a consequence, have lost populanty.

3426  Comparizon aof generator fechnologies

Figure 514 shows a companson of voltage waveforms together with their
assoclated kerma output. In radiology, it 15 deswrable to keep exposure fimes
as low as achievable. Une-pulse waveforms produce radiation in only half of
a cycle, and double the exposure ime compared with 2-pulse voltages. As the
kerma cufput nises approximately with the square of the tube veltage, there 15 a
substantial amount of time in a half wawve of 1- and 2-pulse waveforms, with httle
or no coentmbution te kerma cutput, again effectvely mncreasing the exposure
time.

The 1- and 2-pulse waveforms also yield softer X ray spectra, which implies
mereased radiafion dose to the patent. Both the exposure time and the patent
dose indicate that the optmoum waveform would be a DC veltage with essentially
no npple, but 12-pulse and high frequency generators are near ophmum.

Generators fransformung mains AC voltages suffer from external voltage
mstabiliies. Dievices for compensating for these fluctuations are often integrated
mto the generator design; high frequency generators that provide tube supplies
with higher stability and accuracy are currently the state of the art.



AN

f ! £

(d} =5 1 n

o

d
¢ i
{

' ia) i " ) u‘ )

——

ri |
FIG 4514 Foltgee wavgferm: (u) and azrociofed mbe owiput idose rofe (rl) verses time (1) for

val I-pulze, (B 2-puise, ic) G-puize, (dr 1X-puise, feb high feguency and () consiant voliase
EEnaraiors.

-
-y
R it

[

5.4.3. Exposure timing

Exposure of a radiograph can be set manually by choosing tube current and
exposure fime. Except in examinatons with little vanability in body dimensions
{e.z. extremifies), an AEC 15 mandatory to achieve a consistent image quality
of film density. The AEC terminates an exposure when the image receptor has
recelved a preset level of radiation.

The AEC system consists of one to three radiation detectors (lomzation
chambers or sohd state detectors). The signal from these detectors 13 amplified
and integrated. comrected for response in photon energy and dose rate, and finally,
compared with the preset dose level. The exposure 15 termunated when the chosen
level i1s attamned. In case the AEC does not termunate the exposure, a backup
timer sets a ime limat. On installabon of a radiographic umt, the dose levels
are set, taking into comsideration all the components of the imaging chamn, 1.e.
film and screens, magsing plates, film development, preferred mbe voltage and
filtration, acceptable image noise, etc. This process needs to be camed out for all
tube voltages, Image receptor and examination types in question. Some products



allow for fime mannal adjustment to the preset dose level by a density control on
the console adaptng the density m steps of 10-20%.

Eadiographic devices commonly have lomzaton chambers as AEC
detectors posiboned immediately m front of the radicgraphic cassette. The
detectors must show no visible radicgraphic contrast on the mmage. For low
energy X ray umits (e.g. mammography, paediatnc units), thas 15 diffieult to
achieve and detectors are therefore posiiocned belind the image receptor. Solid
state detectors are mostly employed m this case.

The position of the detectors 13 dehineated on the table top or wall stand,
to assist the operator in patient posibomng. As absorption in the pabent’s body
can vary substantally across the beam, the operator can select a detector or a
combination of detectors for exposure control, to obtain optimal exposure mn the
dominant part of the image_ As an example, for a chest X ray in postericr—antenior
projection, the two lateral detectors positioned under the lung regions are chosen,
while 1n lateral projection, the central detector 1s selected.

5.4.4. Falling load

To avold mmage blurmng due to patent meobon, short exposiure times are
mandatory. To produce the shortest possible exposure, the generator starts with
the maximum permissible current and, in the course of the exposure, lowers the
tube current consistent with tube ratings (falling load). Thus, the tube 1= operating
at the maximm permissible power rating dunng the enfite exposure. [n some
products, an exposure with falling load can be mn at a reduced power seting
{e.g. 20% of the maxinmumm power) to lower the stresses. The operator sets the

tube voltage, focus size and, 1f not in AEC mode, the mAs value, but not mA or
time.

3.5, X PBAY TUBE AND GENEPATOR EATINGS
5.5.1. Xray tube

The nenunal wvoltage gives the maximum permussible tube veltage.
For most tubes this will be 130 kW for radiography. For flucroscopy, another

nominal voltage might be specified. The nominal focus 15 a dimensionless fgure
charactenizing the focal size (IEC338). For each nomimal focus, a range of
tolerated dimensions 15 given for the width and length of the focus, e.g. a nonunal
focus of 1.0 allows for a width of 1.0-1.4 mow and a length of 1. 42 0 mm_

The power rating, P, for a given focus 15 the maximum permissible tube
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15 the power rating obtained with a thermal preload of the anode (thermal ancde
reference power) of typically 30{ W (see also Fig. 3.11}. P depends on the focal
spot size and ranges from ~100 kW for 1.5 mm dewn to ~1 kW for 0.1 mm focus
SIZE.

Physical data for the anode mmclude the target angle, anode matenal and
diameter of the dise. The anode dnve frequencies determine the rotabional
speed of the anode. High power loading of the anode requires hagh rotabonal
speeds. To save the beanngs from wear and damage, the speed 1s reduced for low
power setings, as in fluoroscopy. The inherent filtration of the tube 1s given m
equvalents of mllhimetres Al (see Section 3.6.2).

The heat capacity, {2, of the anode 15 the heat stored in the anode after amving
at the maximum permussible temperature. () 15 equivalent to electrical energy,
where O =wl/ 1., with tube voltage U/, and current I, , and the exposure time, §.
U, siven as a peak voltage is mulfiplied with a waveform factor, w, to obtain the
effective tube voltage (root mean square voltage). 777 has values of 0.71 for 1- and
2-pulse generators, 0.96 for §-pulse generators and 0.99 for 12-pulse generators.
{) 15 then miven 1n joules (J). Since early generators were based on single-phase
supphes, w was simply set to 1.0 for 1- and 2-pulse generators and 1.353 for
6-pulse generators, giving the heat capacity in another umt, the heat wnat (HU),
where 1] = 1.4 HU. The heat capacity of general purpose tubes starts at ~200 kJ,
ranging up to =1000 kJ for lugh performance tubes.

The maximum ancde heat dissipation indicates the maximum rate of heat
loss typically available at maximum anode temperature. These data depend
on temperature and tube type. Tube data also include cocling and heating
characteristics (Fig. 3.15).
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The maximnmm heat capacity for a tube assembly 15 typically in the range of
10002000 kJ. Maximum confinuous heat dissipation descnibes the steady state

of heat flowing in and cooling off. Figure 5.16 shows typical heating and cooling
charactenstics.
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The patterns of loading the tube I an examinaton vary from single
radiographic exposures to long harh current CT scans, from simple fluoroscopic
examinaficns to long mterventional procedures. The tnbe rating charts contain
basic data to estmate the required cooling times. These linuts have to be
observed, partcularly if the comnfrol panel mives mo indication om actual tnbe
loading or requured coolmg times. Exposures made by physicists 1m their
measurements can be repeated mnach mere frequently than within the course of a
patient examination, and several such high power exposures without cbservation
of the appropnate cooling fimes can damage the anode and bearings.

5.6. COLLIMATION AND FILTEATION
5.6.1. Collimator and licht field

The hmatation of the X ray field to the size requured for am examinaton
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is accomplished with collimators. The benefits of collimating the beam are



twofold — reductoen in patient dose and 1mprovement of Image contrast due to
a reducton 1n scattered radiation. A collimator assembly 1s typically attached
to the tnbe port, defimng the field size with adjustable parallel opposed lead
diaphragms or blades (Fig. 3.17). To improve the effectivensess of colllmatomn,
another set of blades might be mstalled at some distance from the first blades n
the collimator housing. Visualization of the X ray feld 15 achieved by a muror
reflecting the light from a bulb. The bulb peosifion 1s adjusted so that the reflected
Light appears to have the same origin as the focal spot of the tube. The light feld
then ‘mumics” the actual X ray field. The congmency of hght and X ray field 1s
subject to quality control. Ome moust be aware that some of the peoumbra at the
edges of the radiation field 13 due to exira focal radiation.

,-';Illl IHII" ~—— colimzbar assembly
! _flsar
lead collimasdor blades

— - — TS TE @ ightbulb

—— lighl b=am

lezad collmatior bledes

|'I i II', N branspanent windos

eoancident X ray
and ght field

Fide 5317 Tvpical X ray field collimator assemB e

Adjustment of the feld size 15 done manually by the operator, but wath a
positove beam hmmitation system, the size of the imaging detector 1s automatically
registered and the field size 15 adjusted accordimgly.

For fluorescopy, other collimator fypes are in use, with vanable circular
and sht diaphragms. In some applications {dental and head examinations), beam
restrictors with a fixed field size are typically used.

5.60.2. Inherent filiraton

X rays generated i the ancde pass vanous attenuating materials before
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leaving the tube housing. These materials include the anode, tube envelope



exit port {glass or metal), msulating o1l and the window of the tube housing.
This inherent filtration 15 measured in alumimium equivalents (unit: mm AlL).
Alumininm does not perfectly mimic the atomic compesibon of the attenuating
materials present, thus, measurement of the Al equivalent 15 usually made at
80 EVp (or otherwise the kVp setines should be stated). Typically, the mherent
fltration ranges from 0.5 to 1 mm Al The miror and the windew 1n the
collimator housing also contribute to inherent filtration with an Al equivalent of
about 1 mm.

5.60.3. Added filtration

Since filtration effectively reduces the low energy component in the X ray
spectrum, a ninimum total filtration of at least 2.5 mm Al 13 requred to reduce
unnecessary patient dose Addifional filter matenal 1s posiboned between the fube
window and collimation assembly as requured. Typical filter matenals mclude
alummnium and copper, and 1o some cases, rare earth filters such as erbium that
utilize K edge attenuation effects. Individual filters may be mannally selected
on some units. In modern flnoroscopy umits, filters are mserted antomatically,
depending on the examination programme chosen.

The effect of added filtration on the X ray output 1s an increase mn the mean
photon energy and half value layer (HVL) (see Section 5.7.1} of the beam As
the X rays become more penetrating, less incident dose at the patient entrance
15 required to obtain the same dose at the image receptor, giving a patient dose
reduction. 5ince mmage contrast 13 hugher for low enerzy X rays, the addibon
of filters reduces mage confrast and ophmmm condibons mmst be established,
depending cn the type of examinaton Added filration alse increases tube
loading, as the tube output 15 reduced and must be compensated for by an iIncrease
in mAs to obtain the image receptor dose required.

In mammaography, special provisions concerning fltration are requured to
obtain the optinmm radiation qualities.

5.6.4. Compensation filters

In some examinations, the range of X ray mtensifies incident upon the
image receptor exceeds the capabilihes of the detector Compensation or
equalization filters can be used to reduce the lngh mtensities resulting from
thinner body parts or regions of low attenmation. Such filters are nsually mserted
mn the cellimator assembly or close to the tube port. Examples of compensation
filters include wedge filters for lateral projections of the cervical spine, or bowtie
filters in CT.



