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Mechanical Construction and Performance of 6 MeV Medical Linear Accelerator
By

Ikuro Tatsuno, Naganari Izumi and Isac Takeda
From the Department of Radiotherapy, National Kanazawa Hospital, Kanazawa
(Chief : Dr. I. Tatsuno)

Authors described the outline of the mechanical construction and the details of the performance of
the 6 MeV medical linear accelerator installed in the National Kanazawa Hospital,and presented the cli-
nical data obtained with the equipment.

This machine is the serial No. 2 machine manufactured by Mitsubishi Heavy Industries, L'TD..

The effective energy for the X-ray which is deduced from a measurement of half value layer with iron
was 1.8 MeV. The maximum X-ray output with flattened field was 460 R/min at 1 m from the target.
X-ray dose rate was stabilized to less than + 1.5%, in fixation and less than - 39%, in rotation radiotherapy.
The X-ray dose distribution 10 cm below water phantom was +4- 2.1%,. Excellent isodose curves with
various fields from 30 x 30 cm to 2 X 2 cm were obtained. Isodose curves with wedge filter and with
lead blocks for field trimming were also made. The focus size of X-ray target was estimated to be about
I mm diameter using the pin hole and wire penetrameter radiography.

Nominal energy of electron beam is 6 MeV but actual maximum energy was 6.7 MeV. At 2] pulse
per second, the output of electron bear using 0.6 mm Al scatterer was 1150 R/min on the axis of irradi-
ation at 1 m,

Penumbra was reduced to almost nothing by setting the inner jaw of collimator parallel to the electron
acceleration axis and the light field corresponded to the actual field. The variance of isocenter in rotation
therapy was less than 4 0.5 mm. The speed and angle of rotation showed stabilized performance.
The leakage dose of X-ray was below permissible level,

Tumor air ratio (TAR) was calculated for several field sizes and depths which is very convenient and
useful for calculating the air dose.

Failure status of machine for one year after opening of treatment operation were tabulated, The
table shows only 3 days interruption of therapeutic service.

Further, basic studies on the electron therapy and clinical data on superhigh voltaige radiography

(linacgraphy) will be presented in the forth-coming paper of Nipp. Act. Radiol..
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Fig. 1. Block diagram of 6 MeV Linac (LAS-M#2)
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Fig. 7. Stability of dose rate, transient..
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Fig. 8. X-ray dose distribution in maximum
field size (10cm depth in water)
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Fig. 12. Radiography of focus size measurement
(wire penetrameter methcd)
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Fig. 14. Coincidence of X-ray field and optical
field
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Fig. 16. Electron dose distribution in air
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Fig. 17. Distribution of leakage X-ray
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Table 1 Results of performarnce test
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Item Specification Result Item Specification Result B
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Table 2. Tumor

HARE SR M S HERE 28% #u%

Air Ratio for 6 MeV Linac X.ray (LAS-M £2)

Depth Field size (cm?)
m2x2hx4‘6x6‘8x8!mxm uxm‘me‘mxm 18x18 | 20x20 | 25%25 | 30X 30
1.5 96.3 |100.7 | 103.9| 106.0 | 107.7 | 109.0 | 110.9 | 111.9 | 112.1| 112.9 | 113.7| 113.7
2 |94.1/98.8| 102.0| 104.2 | 106.1 | 107.3 | 108.8 | 109.8 | 110.8 | 111.3 | 11z.3| 112.6
3 |89.9(95.0| 98.7| 101.0 | 103.1| 104.6 | 106.1  107.1 | 108.1  108.9 | 110.6 | 110.7
4 [85.7/90.8] 94.7| 97.5| 99.8| 101.9 | 103.1 | 104.4 | 105.3 | 106.4 | 108.0 | 108.2
5 |81.6)8.4| 91.8| 93.9| 96.0  98.9| 100.2 101.1| 102.8 | 104.1| 105.7 | 106.0
6 |77.9(83.5| 8.1, 91.6| 93.6| 95.9| 97.7| 98.6| 99.8| 102.4 | 103.1 | 103.2
7 |74.0]79.9| 8.5, 8.0 91.1| 93.2| 947 95.0| 97.2, 99.9| 100.7 | 100.8
8 |71.8|76.2| 81.4, 847 | 87.4| 89.6| 9.9 92.6| 944 96.9| 97.9 97.9
9 | 67.3|72.4| 77.8. 8.6 84| 86.4| 8.6 90.3| 91.4| 93.6| 95.1 | 95.1
10 [63.7/67.7| 741 76.9| 79.9] 8&.1| 8.5/ 8.5/ 8.1 8.0 9.8 90.8
11 [62.0 65.9| 71.1[ 74.8| 78.1] 79.9| 2.2 83.9| 8.8 88.0] 90.0[ 90.0
12 | 58.8 62.8| 68.1| 70.8| 75.2| 76.6 79.5  80.6  83.0| 85.1| 87.1 87.4
13 |56.1|60.0 65.0| 69.1| 72.4| 74.5| 76.8 73.0| 80.0 82.4| 84.0 84.6
14 |53.4 57.4| 61.8| 66.0| 682 71.3| 74.0| 75.2| 77.6| 79.6| 8.3 8.4
15 | 50.5 54.7| 60.6 63.2| 66.4| 68.4| 71.0 72.1| 73.0, 76.6| 79.0 80.0
16 |48.3|52.1| 584 | 603| 64.1| 66.2| 68.4 69.8| 7.9 73.6| 76.2| 77.4
17 | 45.6|50.0 54.5| 58.1| 61.5| 63.6| 65.7 67.4| 170.0 71.4| 73.5| 175.2
18 |44.4 47.9 525 54.6| 58.8| 60.8| 62.9 649 67.0 68.6| 170.9 72.4
19 |42.345.8| 50.4| 53.7| 56.3| 58.4| 60.2| 62.2| 64.5, 66.0| 68.0| 69.8

| 20 139.641.7' 47.5| 50.6| 53.3| 553 57.3] 5391 1.2/ 62.0/ 652/ 67.5

Fig. 20. Geometry illiustration of TAR mea-
suring and correction
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Table 3. Failure status of machine
i “[No. of hours| No. of days |
Date Troubles Causes Remidies r‘er’quz‘red off
trouble therapeutic
T . i . shooting service
_13?711 Magnetron discharge E(le-'l%uslfﬂ?sg of operation Replaced 8 0
~ | Ineffective control of
4. 15 temperature of cooling water Improper control valve 7 4 0
5. 13 E:pl;';]; r&i POWEL 11 Damage of power diode ” 8 0
5, 15 | Same Same Same 1 0
6. 3| De-Q circuit inoperative Defective relay Replaced 1.5 ]
6. 5 | Ineffective pulser Defective thyratron » g 0.5
Ineffective control of .
6. 8 temperature of cooling water Poor relay contact Relay adjusted 0 0
6. 10 | R.F. frequency deviation E;én Siiggd;)fhtlr;n;ics:tor Replaced 15.5 0
7. 8 | Magnetron discharge (E;tha‘ﬁi;%n of operation | w 19 0.5
7. 17 | R.F. frequency deviation :%Oé ig&?f;mem of Cavity adjusted 4 0
7. 18 | Ineffective pulser ﬂefé‘f&;.t;fege{r:lzg::‘;;c)r Replaced 4 0
9. 15 | Power source interlock Deffective shunt diode Y 1 0
P Exhaustion of operation | 81/s Ton pump
10. 7 | Vaccum interlock (10900 Hirs) replaced 5 0
Ineffective control of tem- | Deffective proportioning| o,
10. 9 perature of cooling water relay Replaced 3 0
10. 25 | Ineffective pulser ?:g:lgf;vie}:i.slﬁ)s:: control Vi 5 0
11. 20 V' Deffective thyratron Vs 1.5 0
11. 21 | R.F. frequency deviation E:éngffd:f A ietar ” 4 0
S Exhaustion of operation | 40 I/s Ion pum !
11. 27 | Vaccum interlock (8600 Hrs) replaced pump 10 1
12, 14 | Ineffective pulser Deflective thyratron Replaced 0.5 0
12, 17 | Couch stuck Grease stuck on shaft E]lgiziz‘tiegml 8 0
1?.6812 E}a;él;ﬁrgg EOWELL Damage of power diode | Replaced 0.8 0
9 4 Leakage of pulse ,Deffective oil sealing Replaced pulse 6 0
: transformer oil wof pulse transformer transformer
et Damage of electron Replaced of ca-
2. 10 | Unstabity of dose rate gun cathode thode and filament 13 0
2. 19 | Power source interlock AVR fuse burnt out Replaced 0.5 0
3. 7| Same Same Same 0.5 0
] ti f
3. 16 | Magnetron dljiharge E;giﬁ;?%gqo Hrs) Replaced 8 0
Coloring of cooling Deterioration of
3. 18 distilled water distilled water Replaced 3 0
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