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Factors influencing non-invasive tube voltage measurement for mammography

DONG Fenghua, ZHANG Xiaodong, DONG Wenlong, YANG lJian, FAN Jie
National Institute of Measurement and Testing Technology, Chengdu 610021, China

Abstract: Objective To study the variations and differences of Fluke X2 and RTI piranha 657 measurement results caused by the
changes of distance, filtering conditions and anode angle in two kinds of radiation fields (Mo/Mo and W/Rh) with the increase
of tube voltage according to IEC 61676 standard. Methods The stability of tube voltage was determined by an intrusive method.
The distance, filtering conditions and anode angle were changed for the non-invasive measurement of tube voltage in two kinds
of radiation fields. According to the measurement results, the change trends of the measurement results obtained by two kinds of
instruments in two kinds of radiation fields were calculated, and the counting ratio difference (change rate of R value) of the
instrument due to the filtering conditions change in two kinds of radiation fields was obtained by Monte Carlo simulation.
Results In W/Rh radiation field, even if distance and anode angle differed greatly and filtering conditions changed slightly, their
effects on the measurement results of two kinds of instruments met the requirements of IEC 61676 and were within 0.5 kV. However,
in Mo/Mo radiation field, the measurement difference of the two kinds of instruments caused by the same filtering conditions
changes was relatively larger, especially the maximum change of Fluke X2 measurement results which even reached 1.6 kV.
Conclusion When calibrating the non-invasive tube voltage measuring instrument, a unified calibration distance, the anode angle
of the bulb tube and the filtering conditions should be considered as important reference conditions in each laboratory, especially
the limitation of filtering is extremely important in Mo/Mo radiation field, so as to reduce the effect on the non-invasive
measurement of the average kilovolt peak of tube voltage, ensure the consistency of the results among the calibration laboratories,
improving comparability. It is suggested that in the non-invasive tube voltage measurement for mammography, practical peak
voltage instead of average kilovolt peak should be used to reflect the measurement results.
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Fig.1 Test principle of non—invasive tube voltage

measuring instrument
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Fig.2 Schematic diagram of half-value layer and non—invasive tube voltage measurement
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Tab.1 Measurements of radiation

quality in W/Rh
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Fig.3 Connection diagram of intrusive measurement
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Tab.2 Measurement results of tube voltage by intrusive method
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FRFRHL KV ORIV R /%
1R 2k %3W

20 19.993 19.995 19.996 19.992 0.183

25 24.894 24.896 24.896 24.895 0.115

30 29.864 29.866 29.865 29.865 0.100

35 29.855 29.855 29.856 29.855 0.058
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Tab.3 Measurement results in Mo/Mo under different FDD (kV)

%<4 W/Rh3ESHAZEAE FDD TRIMELER(KV)
Tab.4 Measurement results in W/Rh under different FDD (kV)

RTI piranha 657 RTI piranha 657
FDD FRPRAE Fluke X2 Wi H1 FDD FRARAE Fluke X2 (i H1 &
S5 A PP SIZ R {1 P
40 cm 20 20.0 19.84 40 cm 20 19.8 19.84
25 248 25.11 25 24.6 24.67
30 29.9 30.27 30 29.4 29.46
35 34.6 35.40 35 345 34.31
50 cm 20 20.0 19.84 50 cm 20 19.8 19.85
25 24.9 25.15 25 24.5 24.61
30 30.1 30.33 30 29.5 29.49
35 34.7 35.49 35 345 34.40
60 cm 20 20.0 19.85 60 cm 20 19.8 19.86
25 25.1 25.14 25 24.6 24.73
30 30.3 30.33 30 29.7 29.62
35 35.1 35.60 35 34.6 34.51
0.6 0.25
0.5 0.20
04 / 0.15
Z 03 e 20kV Y *20kV
= /F m 25KV E 0.10 m25kV
0.2 30 kV 5 / v 30 kV
0.1 “ 35KV 0.05 35KV
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Fig.7 Tube voltage measurement of Fluke X2 in Mo/Mo
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Fig.9 Tube voltage measurement of Fluke X2 in W/Rh
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Tab.5 Effects of additional filter on measurement in Mo/Mo (kV)
& FRFRAE REshn Al BEII0.01 mm AL BfHI0.02 mm Al BfHAi0.04 mm Al
Fluke X2 20 20.0 20.0 19.9 19.9
25 25.0 25.1 25.2 253
30 30.2 30.3 30.5 30.8
35 34.8 35.1 35.4 35.8
39 38.2 38.7 39.0 39.8
RTI piranha 657 20 19.96 19.98 19.98 20.02
25 24.63 24.67 24.77 24.88
30 29.87 29.93 30.04 30.19
35 34.85 34.97 35.06 35.26
39 38.40 38.53 38.67 38.92
76 W/Rh &5 T MyInid i im & $209 (kv)
Tab.6 Effects of additional filter on measurement in W/Rh (kV)
& FRARIE ANERAN AL Fifmo.01 mmAL  BH10.02mmAL - BfH10.04 mm Al
Fluke X2 20 19.8 19.8 19.9 19.9
25 24.5 24.7 24.8 24.8
30 29.5 29.6 29.6 29.7
35 345 34.6 34.7 349
39 38.1 38.3 38.4 38.6
RTI piranha 657 20 19.85 19.85 19.86 19.89
25 24.61 24.73 24.75 24.89
30 29.49 29.56 29.61 29.84
35 34.41 34.49 34.55 34.68
39 38.16 38.26 38.29 38.43
1.8 0.6
s P 03
2 1o — S . g
ﬁ 8:2 x 30kV ;% 0.2 /V e 30 kV
0.4 V . #35kV 0.1 /X////V “35kV
0.2%/;;/-/' 39KV O?/%/k/””’ 39kV
_0-(2) s nAm - . 'm 2, o 'm ol 0.01 0.02 0.03 0.04 0.05
B I6E R JEE BE /mm BRI R 7 )52 B /mm

Z{H/kV

&l 11 Mo/Mo 425717 T Fluke X2 &8 £ £

Fig.11 Tube voltage measurement of Fluke X2 in Mo/Mo
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Fig.13 Tube voltage measurement of Fluke X2 in W/Rh
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Fig.12 Tube voltage measurement of RTI piranha 657 in Mo/Mo
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Tab.7 Effect of anode angle on measurement

& FRpRMEAV  10° 16°
Fluke X2 20 19.9 19.9
25 24.6 24.5
30 29.4 29.1
35 34.6 34.1
RTI piranha 657 20 19.85 19.96
25 24.63 25.02
30 29.55 30.02
35 34.49 37.94
0.1
0 + ;
15 20 25 30 35 40
- \
= -0.2
Z 03 \e
Hd
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-0.5 \%
-0.6
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Fig.15 Tube voltage measurement of Fluke X2 in W/R
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