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Radiographic Effects Due to the Waveforms of X-ray Tube Voltages and Currents
Part 1 Waveforms of X-ray Tube Voltages and Currents,
kV peak values, and Abnormal Voltages

By
Hitoshi Kanamori

Radiation Apparatus Division, Shimadzu Seisakusho Lid.,
Kyoto, Japan

Waveforms of tube-voltages, tube-currents and those at other parts of high-voltage
circuit of single-phase rectified type apparatus are not such simple sinusoidal waveforms
as shown in Fig. 2. Moreover, kVp values, one of the most important quantities to applied
X-ray technique, have not been known acculately under largetule currents. These
are also true at 3-phase rectified type apparatus. Waveforms are remarkably different
from such simple ones as shown in Fig.9.

The waveforms at the two types were measured by anoscilloscope and their shapes
are confirmed in detail by electric circuit theories. Peak kV were measured by a sphere
gap and theoretically confirmed. However, only outline will be stated in Part 1, since the
purpose of this paper is to investigate radiographic effects due to waveforms and kVp.
values. Conclusions of Part 1 are as follows:

1. ‘Waveforms of voltages and currents at the two apparatus are distorted from sinu-
soidal ones, and parasic oscillations sometimes appear. (Fig. 3~7, 10~14, and 16). These
phenomenon are caused by satulating characteristics of X-ray tube currest to tube voltage
and L,C,R’s in the eleciric circuiis of apparatus.

2. If mA is small, tube voltage is smoothed by the electric capacities of the cables
between high-voltage generator and X-ray fube (Fig. 3 and 10).

3. In cases of small kVp-large mA, with a single-phase type, the ratio of mA
peak to mA average value is greafer than in othor cases(Fig. 18). Therefore, voltage-
drop per mA, from the kVp at no load, are also greater in the same cases. It has long

been questioned that the equi-mA curves open at the boitom in kVp-P.V. relations as
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shown in Fig. 17. Now, the question is solved by the above illustration.

With a 3-phase type, the raiio of mA peak to average value is almost constant.
Equi-mA curves, therefore, are almost parallel and with same space per mA (Fig.19).
That causes the good radiographic effects of 3-phase types (Part 3).

4. Under small mA with a 3-phase type, kVp’s go over the no load values calculated

under such assumption that the waveform is sinusoidal (Fig. 9). This is caused by smoot-

hing effects upon anode- and cathode-potentials.

5. In cases of small mA, abnormal voltages appeare sometimes at closing times of an,
X-ray switch. Suppressing equipments against them have heen installed in all appar-

atus, since this investigation was performed. The abnormal voltage makes break down

of apparatus and poor radiographic effects.
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Fig. 2. Simple Waveforms at a Single-Phase Type
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Fig. 5. Waveforms of Tube-Current (i) and
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an X-ray Tube at a Single-Phase Type
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Fig. 9. Simple Waveforms at a 3-Phase Type
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