














3.

4.

5.

Figure 8.17e. This single-phase generator in a dental sec-
tion required service to correct a problem with the filament
stabilization circuit.

Don’t photograph every waveform, just the unusual ones. (On new equipment, or the first time you check any
room, record one waveform at each mA station for the QC room log.)

Don't try to verbally describe the appearance of an aberrant waveform to the service engineer. Either provide
him with the original or a photocopy (Xerox copies are very good).

If the x-ray detector saturates, you will obtain a waveform with a very flat top. Saturation occurs when the
detector receives too high a radiation flux level. To avoid this, move the detector further away from the x-ray
source.

Acceptance Limits

"

Any waveform that you think deviates from a normal waveform should be shown to the service engineer.
With experience, you will be able to diagnose the possible problems from the waveforms, but work closely
with the service engineer and rely on his diagnosis. You should point out any deviation from normal since
small changes that occur infrequently may be indicative of a major problem that is in the process of develop-
ing and may have serious consequences if allowed to persist.

In theory three-phase, twelve-pulse waveforms should have about 5% ripple, but most of these will actually
exhibit ripple of the order of 10-15%. Any three-phase, twelve-pulse system with ripple in excess of 20%
should be further evaluated by a service engineer to determine the cause. Three-phase, six-pulse equipment
will probably have ripple in excess of 15%, but ripple in excess of 25% indicates potential problems and a
need for corrective action. Single-phase equipment has 100% ripple, but all of the peak heights should not
vary by more than 10%, and ideally this variation should be much less.

In some cases of excessive ripple, the cause may be an inherent flaw in the design or construction of the
high-tension transformer or generator that cannot be corrected. However, the knowledge of the percentage
of ripple will help in troubleshooting other problems such as apparent problems in kVp calibration. The kVp
cassette measures the effective or average kVp, so with a considerable amount of ripple the cassette
measurement will be lower than that made by the service engineer using a voltage divider and reading the
true peak kilovoltage. Also, high ripple will result in lower tube output, in terms of mR or mR/mAs, as com-
pared to systems exhibiting less ripple.

Corrective Action

If you detect problems with x-ray output waveforms, it will be essential to call in the X-ray service engineer since
the problems that affect these waveforms must be corrected internally in the x-ray generator and its associated
components.

8.4. REPEATABILITY, LINEARITY, AND mR/mAs OUTPUT

Purpose

2.

Repeatability—To assure that the exposure received for the same mA, time, and kVp is the same from ex-
posure to exposure.

Linearity—To assure that similar exposures are obtained for the same mAs and kVp, regardless of the ex-
posure time and mA used.
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3.

mR/mAs Output Consistency—To assure that the average radiation output of like systems is consistent
from room to room.

Equipment Needed

D8N =

Direct readout dosimeter

mAs/timer test tool (alternate procedure)
Screen-film cassette and film (alternate procedure)
Patient equivalent phantom (PEP) with base

Sheet of 12 x 12-inch (30 x 30-cm) lead

Procedure—Repeatability, Linearity, and mR/mAs Output Using the Direct Readout Dosimeter

1.
2.

3.
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Place the sheet of lead in the center of the x-ray table with the phantom and base directly on top of the lead.
Place the large chamber in the opening beneath the phantom, making sure the chamber is in the exact
center of the phantom (Figure 8.18a).

Set the x-ray tube at a 36-inch (90-cm) source-to-tabletop distance, center the tube to the phantom, and
collimate to the edges of the phantom (Figure 8.18b).

A complete set of measurements will be made in order to collect all of the data necessary for this test, as
shown in Table 8.1.

Make radiation exposure measurements at 60 kVp and at four mA stations using the same mAs and record
the data (use mA and time combinations typically used in this room).[Note: Be sure to set the techniques
carefully, dialing slowly up to the technique desired.]

Repeat Step 5 at 100 kVp, using the same mA and time combinations, and record the data.

Make measurements at 80 kVp. Since you will also use the data to determine the generator repeatability,
three exposures will be needed at each mA and time combination. Record each individual reading (Table

Figure 8.18a. Repeatability, linearity, and mR/mAs output
test setup. PEP on the base with the dosimeter properly
positioned. A sheet of lead must be placed under the phan-
tom base.
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Figure 8.18b. Repeatability, linearity, and mR/mAs output test setup. It is essential to cone to the edge of the phantom and
to assure that the ionization chamber is centered to the x-ray beam and the phantom.

8.1). [Note: Do not set the techniques as you did for the above measurements. Before each exposure,
change the technique and then go back to the desired technique, but do not dial the technique in the same
way, i.e., dial up one time, dial down the next. The reason for this is to determine how repeatable the
generator is when used under normal operating conditions.]

8. Determine the average of the three measurements made at each mA and time setting at 80 kVp and enter
the data in the table (Table 8.1).

9. The repeatability is then calculated for each of the mA-time combinations at 80 kVp using the formula

(Maximum mR - Minimum mR)
2

— x 100% = % Repeatabilit
Average mR ° M g

'I;a!gle 8.1. mR measurements for repeatability, linearity, and mR/mAs output

St 1 o = _80kVp - .
__(40mAs) 60 1st 2nd 3rd 100
mAAii jime - kVp exposure  exposure exposure Average kVp
100 0.40 7.98 30.0 30.2 28.9 29.7 67
200 0.20 6.86 31.1 31.5 31.8 31.6 65
400 0.10 7.23 27.2 32.0 30.6 29.9 60
800 0.05 6.95 340 34.1 34.3 341 62
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10.

11.

12.

13.

For example, at 400 mA and 0.10 seconds,
( 32.0-27.2
2

X 100% =8.0%
29.9

The resulting repeatabilities are 2.1%, 1.1%, 8.0%, and 0.4% at the 100, 200, 400, and 800 mA stations,
respectively.

The mR/mAs values are next determined by dividing each mR reading in Table 8.1 by the mAs (in this case
40 mAs). Record the mR/mAs in a table such as Table 8.2. [Note: At 80 kVp the mR/mAs is determined us-
ing the average mR value from the three readings for each mA-time combination.] For example, at 80 kVp,
100 mA, and 0.40 seconds,

29.7mR
40 mAs

=0.74 mR/mAs

Determine the average mR/mAs value at 80 kVp (Table 8.2). For example,

0.74+0.79+0.75+0.85
4

=0.78 mR/mAs

Determine the linearity for each kVp station using the formula

Maximum mR/mAs — Minimum mR/mAs
2
Average mR/mAs

X 100% = % Linearity

For example, at 80 kVp

( 0.85-0.74
2

—_—————%100% =7.1%
0.78

The resulting linearities are 8.3%, 7.1%, and 5.7% at 60, 80, and 100 kVp, respectively.
Enter the repeatability, linearity, and mR/mAs data in the QC room log.

Problems and Pitfalls

1.

@
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The x-ray tube should be checked for overheating since a large number of exposures are being made in a
short period of time. (You should be familiar with the tube loading and cooling charts for the rooms, so over-
heating the tube should never occur during a QC check.)

The sheet of lead is placed under the phantom and dosimeter to obtain standard backscatter conditions.
Tabletops made by different manufacturers may have different backscatter characteristics, thus altering
the dosimeter readings. Standard backscatter conditions assure more accurate mR/mAs output com-
parisons of all radiographic rooms in the department.

The mR/mAs measurements should be made using the focal spot or spots that are used in the room.
Follow a strict procedure with regard to the phantom position and the x-ray tube, the chamber position
within the phantom, and the distance from the x-ray source to the tabletop. This will produce more consis-
tent and accurate results.

Table 8.2. mR/mAs (calculated from data in Table 8.1)

60 80 100
mA Time kVp kVp kVp
100 0.40 0.20 0.74 1.68
200 0.20 0.17 0.79 1.63
400 0.10 0.18" 0.75 1.50
800 0.05 0.17 0.85 1.55
Average 0.18 0.78 1.59
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5. Never use the overhead distance indicator. Always measure the distance accurately, using a tape measure.
The overhead distance indicator can be incorrect.

6. Always approach the technique setting slowly, dialing up to the desired setting (except for the repeatability
measurements). This assures consistency in the results.

7. Always evaluate the generators closely following the test protocol.

8. The use of pen-type dosimeters is not recommended for this test of generator performance. Pen-type
dosimeters are not accurate and cannot reliably be used for QC purposes.

9. It is essential that kVp measurements be done before initially performing this test to establish baseline
values. If the kVp calibration exceeds acceptance limits, the mR/mAs data will be inaccurate.

Acceptance Limits

1. Therepeatability should be maintained within +5% and the linearity should be less than or equal to + 10%.

2. The average mR/mAs output at 80 kVp from each room should be within = 10% for all rooms. However, the
output from different generators does vary somewhat. For example, only single-phase generators (full-wave
rectified) should be compared, only three-phase, six-pulse generators should be compared, and only three-
phase, twelve-pulse generators should be compared. In addition, generators made by different manufac-
turers may exhibit different output. If the output can be maintained to within = 10% for like rooms, then the
same technique charts will produce diagnostic-quality films from those rooms.

3. Theindividual mR/mAs values, as recorded in the QC room log, will provide valuable data in troubleshooting
problems. For example, if aroom is said to be “shooting light,” a check of the mR/mAs values at the present
time with those recorded in the log book will indicate if the generator output is lower than acceptable, and
what mA and time stations are at fault.

4. Itis also important to review all of the resultant data from this test since changes can occur in the repeat-
ability, linearity, or individual mR/mAs values, independent of each other. In other words, the repeatability
may exceed acceptance limits while the linearity is still acceptable, or the individual mR/mAs values may
exceed acceptable limits while the repeatability and linearity are acceptable.

Corrective Action

A service engineer should be called to recalibrate the generator if these tests indicate that it is outside of accep-
tance limits.

Alternate Procedure for Linearity Using the Motorized Synchronous Top

1. If the timing has already been checked using the motorized synchronous top and found to be acceptable,
the mA calibration can be interpreted from the wedge pattern that is also imaged on the film.

2. Check the step wedges from the various mA stations and determine if the steps on each pattern are the
same density (Figure 8.19). For the most accurate results, read the densities with a densitometer. If the
generator is properly calibrated, the densities should be within 0.1 in density.

3. Record the results in the QC room log.

Problems and Pitfalls

1. Variability in film batches and processing conditions can increase the error between checks.

2. Numerical values and percentage variations cannot be obtained from this test.

3. ltisdifficult to check the generator at high kVp and mAs techniques because the test tool will be overpene-
trated. However, a sheet of aluminum can be placed over the test tool to obtain proper film density.

Acceptance Limits

The density should not vary by more than one step on the wedge or +0.10 if read with a densitometer.
Corrective Action

If the linearity is found to be outside of the above limits, a service engineer should be called to correct the prob-
lem.

8.5. PHOTOTIMER EVALUATION

Purpose

To assure that the exposure is being terminated at the proper time after a predetermined quantity of radiation
has been detected.
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Figure 8.19a. Acceptable density variation in generator linearity test results using the motorized synchronous timer.

Equipment Needed

1.

Lo ol ol

Homogeneous patient equivalent phantom (PEP), plus two additional 1x 12 x 12-inch (2.5 x 30 x 30-cm)
sheets of Plexiglas

Densitometer

Single cassette to be used for all exposures and film from the same batch

Direct readout dosimeter

Two sheets of '/s-inch (3-mm) lead, 12 X 12-inch (30 x 30-cm)

Procedure—Conventional Phototimed Systems

120

Set the x-ray tube at the normal working distance and center the tube to the table and cassette.

Place four sheets of Plexiglas from the PEP in the light field and cone slightly inside the dimensions of the
phantom (Figure 8.20). (The phantom must be centered to the phototiming sensors.)

Use the center sensing area and make three exposures on three different films using the same cassette at
60, 80, and 100 kVp, keeping the mA constant. (Use the mA that is typically used in the room.) Remember
to use the same cassette for all exposures. This will entail processing the film after each exposure.

Place four more sheets of Plexiglas on top of the original four and repeat the exposures at the same three
kVp values and at the same technique using the same cassette and film from the same emulsion batch.
After the sixth film has been processed, read the densities of the films (in the same area) with the den-
sitometer. [Note: You should also check the system at different mA stations and with the different sensing
areas to assure that the entire system is working properly.]

Record the results in the QC room log.
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Figure 8.19b. Generator linearity test results using the motorized synchronous timer. Density variation for the various mA
stations exceeds acceptable limits.

Procedure—Photofluorospot (PFS) Film Units and Automatic Chest Units

1. The procedure described above is used to check these units using the same thicknesses of Plexiglas and

three different kVp values.
2. On fluoroscopic systems that vary the PFS kVp, the kVp should be set to the manual mode.
3. Onautomatic chest units, three and then six layers of Plexiglas should be used to better simulate the chest.

Problems and Pitfalls

1. Assure that the Plexiglas is covering the phototimer sensors and that the radiation field is coned to the Plex-

iglas.
2. Care must be taken to use only the screen-film system for which the unit has been calibrated.
3. Theexposure time required may be shorter than the minimum response time of the system if high kVp and/or

mA techniques are used.
4. On PFS film and chest systems, make sure the systems are being checked in the typically used kVp and mA

ranges.
5. This test of the phototiming system may not entirely reveal calibration problems. Consequently, all the tests
described in this chapter should be done to ensure optimal calibration and operation of the system.

Acceptance Limits

The densities of the six radiographs from a given system should be within +0.10 of each other. The average den-
sities of the six radiographs from one check to another should be within = 0.20 of each other. The larger varia-
tion accepted in this latter case is to allow for processor and film batch variations.

Corrective Action
If the densities exceed the above limits, a service engineer should be called to calibrate the system.
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Figure 8.20. Phototimer evaluation test setup. Center the
first four sheets under the x-ray tube and directly over the
phototimer detectors. Be sure to include date, room, and
technique information on each film.

Procedure—Backup Timer Check
Itis important to assure that the backup timer is functioning and the backup time does not exceed that specified
in federal regulations. If the phototimer should fail, the backup timer must terminate the exposure.

1. Remove the Plexiglas and place at least two sheets of '/s-inch (3-mm) lead over the detector field so that no
radiation reaches the detectors.

2. Place the small chamber on the dosimeter and place the dosimeter (or electronic timer) in the center of the
x-ray beam in front of the lead sheets (Figure 8.21). Set the dosimeter to the time-measuring mode.

3. Make an exposure at a standard technique with the system in the phototiming mode.

4. The exposure should terminate after the preset backup time is reached.

5. Read the backup time on the dosimeter.

Problems and Pitfalls

Be sure that the phototimer sensors are completely covered by the lead.

Acceptance Limits
The backup timer should terminate the exposure so that a total exposure of 600 mAs is not exceeded.

Corrective Action

If the backup time can be exceeded, the equipment should not be used in the phototiming mode until a service
engineer has corrected the problem.

Procedure—Minimum Exposure Time Check

The minimum exposure time is checked to record the shortest time at which the phototiming circuit will func-
tion. There are no minimum limits for exposure time; however, it is of value to know and record the minimum time
so that techniques are selected using at least twice the minimum, even for thin patients.
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Figure 8.21. Backup timer check test setup. At least two Figure 8.22. Minimum exposure time check test setup.
sheets of /s-inch (3-mm) lead should be used to cover the
phototimer detectors completely.

1.
2.

2 L

T

Place six sheets of Plexiglas over the detectors.

Place the dosimeter chamber (or electronic timing device) in the beam with the dosimeter set to the ex-
posure time reading mode (Figure 8.22).

Make an exposure at a standard technique and note the exposure time.

Remove one sheet of material and make another exposure, again noting the exposure time.

The exposure time should be reduced for each sheet of material that is removed.

Keep removing the sheets of material until the minimum time is reached, i.e., when the time no longer
changes as sheets of material are removed.

Record this value in your QC room log.

Problems and Pitfalls

A

In some cases, the minimum time may not be reached with just one layer of Plexiglas in the beam. In this
case, leave the last sheet of Plexiglas in the beam and make additional exposures increasing the kVp by in-
crements of 5 until the minimum time is reached. Record both the minimum time and kVp used in the QC
room log.

It is necessary to use the 1x 12 x 12-inch (2.5 x 30 x 30-cm) sheets of Plexiglas in this and the previous
phototimer tests to assure that sufficient scattered radiation is introduced to simulate patient scatter con-
ditions.

Acceptance Limits

There are no established limits for this test. However, make sure that the system will produce the minimum time
as described in the manufacturer’s specifications.
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Corrective Action

A service engineer should check the system if the phototiming circuit cannot produce the minimum exposure
time as described in the manufacturer’s specifications.

8.6.

MAMMOGRAPHY AND XERORADIOGRAPHY

Purpose

To provide consistent, high-quality mammograms and xeroradiographs with minimum exposure to the patient.

Equipment Needed

1. Full set of QC test tools

2. Low-kVp cassette (30-50 kVp)

3. Number 50 or 60 copper mesh for screen contact

4. Direct readout dosimeter with low-energy ionization chamber

5. Mammographic phantom

Procedures

1. All the components of a mammographic system should be checked exactly as in any other radiographic
system and the same acceptance limits apply.

2. Check the half-value layer (HVL) at a kVp typically used for mammography and xeroradiography. Place 0.25,
0.50, and 1.0 mm of aluminum in the beam since the HVL will be much lower than in a conventional
radiographic system. In addition, be sure the compression device, and any other devices that are normally in
the x-ray beam, are in position while the HVL is checked.

3. Measure the kVp with the low-kVp cassette (sometimes referred to as the mammography cassette).

4. Check the screen contact of cassettes or vacuum bags regularly using a number 50 or 60 copper mesh.

5. Establish and outline an easily reproduced procedure controlling the mA, kVp, and target-to-film distance
for radiographs of a mammographic phantom. Make radiographs of the phantom on a regular basis and
observe the test objects in the phantom to ensure optimal resolution. Record the film density and resolution
information in the QC room log.

6. Make sure the xeroradiographic cassettes are checked and cleaned at least once each week and that the

proper maintenance is performed regularly on the charger and processor units.

Problems and Pitfalls

1.

Because of the complexity and potential radiation hazard of mammography, it is wise to work closely with a
qualified diagnostic radiologic physicist to establish a QC program on mammographic or xeroradiographic
systems.

Because of the low-energy x-ray beam used for mammography, conventional ionization chambers will not
provide accurate readings. Special thin-window, low-energy mammographic chambers can be obtained for
most dosimeters. All measurements made on mammographic and xeroradiographic equipment should be
made with the mammographic chamber.

Since the standard phantom cannot be used to check the linearity, repeatability, and mR/mAs output on
mammographic and xeroradiographic systems, these measurements should be made in air. Be sure to
closely follow your procedure with regard to such things as the chamber position in the beam for each
subsequent QC check.

Acceptance Limits

The acceptance limits for conventional generators apply. Phantom procedures should consistently reproduce
the test objects in the phantom. The film density from the phantom should remain within +0.15 on.each QC
check if the processor is in control.

Corrective Action

1.
2.
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Consult a diagnostic radiologic physicist if questions arise regarding the use of the equipment.
Call a qualified service engineer for equipment problems.
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