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Rotating Anode X-Ray Tube
TrEt PR X ST
Note: Document originally drafted in the English language.
TERE: UM SRR
Product Description }_“‘Zpﬁﬂ%%
The G-1582TRI is a 5.25" (133 mm) 125 kV, 1.1 MJ (1.5 MHU) G-1582TRI, &K EA 133 mm, (5,25"), 125 kV, 11 MJ (1.5
maximum anode heat content, rotating anode insert. This MUC) iz K PHB S B PR R RE FHAN, X 26890, &
metal center section insert is designed for radiography, N4 R4 B AL AT T et it . R BT .
cineradiography, digital and film screen angiography BOF R B B A 3 e P o 3 S Y BT 2 4 2K
procedures. The insert features a 10° rhenium-tungsten facing o YN " - ﬁ’ |
on molybdenum with a graphite backed target and is available 10 faﬁ ) fﬁ%fﬁ AL, AR, HREETIIR
with the following nominal focal spots: SIORRFR AR A
03-06-10 0.3-06-10
IEC 60336 IEC 60336
Nominal Anode Input Power FRFR PH AR 6 AT
Small - 18 kW IEC 60613 JIVEE P - 18 KW IEC 60613
Intermediate - 60 kW IEC 60613 it %é 151 - 60 kW IEC 60613
Large - 112 kW |IEC 60613 jiﬁﬁ 112 kW IEC 60613
For the equivalent anode input power of 250 Watts o e
X250 W BHAR T A SR DR
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Tube Outline Drawing
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BT (mA)

Tube Current (mA)

THREE PHASE EMISSION (+ 15 A) =% 5f (+ 15 A)

G-1582TR
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Filament Emission Charts IEC 60613
KT 22 J s e it 2 IEC 60613

THREE PHASE EMISSION (+ 15 A) =% 5f (+ 15 A)
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When using these emission curves for trial
exposures, refer to the power rating curves shown
for maximum kV, tube emission, filament current,
exposure time, and target speed.
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Single Load Ratings IEC 60613
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Single Load Ratings IEC 60613
— BRI ERIUE 113K IEC 60613
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CINERADIOGRAPHIC RATINGS
HOW TO USE CINERADIOGRAPHIC CHARTS

General: With the Cineradiographic rating chart we can determine the
maximum allowable kW of the Cine pulse, or with a given kW determine
maximum time in seconds the Cine run can progress.

The Most common way of using the charts is to determine maximum time of
any expected Cine run and maximum duty factor. With a known duty factor
and Cine run time kW can easily be determined.

Definition of Terms
Time in seconds: Total time of one Cine run, usually 5 to 12 seconds.

Duty Factor in Percent (DF%): Actual time during one second the x-ray tube
is producing x-rays. If we select a 4 msec pulse width and 60 exposures per
second the x-ray tube will be producing x-rays for a total of 240 msec each
second or 24% of the time. The higher the DF number, the more load placed
on the x-ray tube.

Peak Pulse Power: Peak energy in watts of any one Cine Pulse. Can be any
combination of kV and mA allowed by Radiographic and Filament Emission
curves.

Example: 80 kV at 400 mA equals

80,000V x 0.4 A =32,000 W or 32 kW

USING THE CINE RATING CHARTS:

G-1582TRI  150/180 Hz 3 Phase 1.0 Focal Spot

Example: Determine maximum kW allowed with the
following known factors:

Maximum Pulse Width ...................... 4 msec
Exposures per Second ...................... 60
Maximum Cine RunTime .................... 10 seconds

Calculate Duty Factor: (DF%)

DF% = Pulse Width (mSec) x Frames per Second

10
DF% = 4 msec x 60 exp/sec =240 _ 5,0,
10 10
Refer to Rating Chart G-1582TRI  150/180 Hz 3 Phase 1.0 Focal Spot:

At bottom of chart find 10 second line. Move vertically to intersection with
24% DF curve. Make a horizontal reference to left side of rating chart and
note kW rating of 80 kW.

We now know each pulse during the cine run can have a maximum rating of
80 kW under conditions given in example.

kW =kV x mA. The kW of the exposure can be any combination of mA and
kV allowed by the Radiographic and Filament Emission Charts.

The Cine rating charts are usable to 100% anode heat storage. Exceeding
100% anode heat storage will cause anode track erosion with high risk of
tube destruction.

G-1582TR
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ANGIOGRAPHIC RATINGS
HOW TO USE ANGIOGRAPHIC CHARTS

General: Serial Radiography puts a severe demand on the x-ray tube due to
the large number of exposures made in rapid succession. Intervals between
exposures are fixed and so short that it is not possible for the anode track to
cool to any extent during the exposure series. Therefore, the temperature
of the anode track increases from exposure to exposure. The kW values
used in the angiographic charts have been determined to prevent damage
to the anode. The angiographic rating charts are usable to 100% anode heat
storage. Exceeding 100% anode heat storage will cause anode track erosion
with high risk of tube destruction.

Definition of Terms
Number of Exposures in Series: The number of exposures made in
succession or the number of exposures made during one contrast injection.

Exposure Rate: The number of exposures made per second. For a series
of exposures where the exposure rate changes, it must be assumed that all
exposures will be made at the maximum rate. For example, if during a series
10 exposures will occur at one per second and 30 exposures at 4 per second
use the kW ratings in the 40 exposure column at 4 per second rate.

Exposure Time: Time in seconds of each exposure.

USING THE CHARTS:

Select Correct Chart:

0.3, 0.6 or 1.0 Focal Spot

Note: 180 Hz rotor speed recommended for all angiography.

Determine the number of exposures in Series: With cut film angiography
the number of exposures are known, however in Digital Angiography the
number of exposures commonly are not known. When determining the
number of exposures, assume worst case or past history.

Note: Most angiographic x-ray tubes fail from under-estimating the number
of exposures made in a series.

Determine kW of each exposure in Series: Referring to chart —find block
under “Number of Exposures in Series” that is greater than or equal to
expected number of exposures in Series. On left side directly opposite this
block under “Exposure Rate per Second” column, select maximum rate per
second that will be used for the exposure series. At the intersection of
exposure rate and exposure time in seconds, find maximum kW allowed for
each exposure.

For Example: 80 pkV and 500 mA =40 kW
Example: From chart G-1582TRI 150/180 Hz 3 Phase

1.0 Focal Spot, determine kW allowed with
following known factors.

Maximum number of exposures ............. 40
Exposure time .050 second (50 milliseconds)
Maximum Exposures per second ............. 4

From chart find 40 exposure block. On left side directly opposite this block
under “Exposure Rate per Second” column, select 4 exposures per second.
Find .050 seconds at top of chart. At intersection of exposure rate line and
exposure time, find 77.4 kW.

G-1582TR
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80 pkV x 500 mA = 40 kW
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Serial Load Ratings IEC 60613

BRI ME(H IEC 60613
0.3 Focal Spot 3@ 10 Degrees 150/180 Hz
0.3 fE /5 3@ 10 J& 150/180 Hz
R SIS S (W), VEOIZIEEEOL TP BT BRI BOEI TR (BD) B eI
I 0.010 0.020 0.030 0.040 0.050 0.060 0.080 0.100 0.120 0.140 0.160 0.180 0.200 0.225 0.250 e
1 15.9  15.6 15.4 15.2 15.1 15.0 14.8 4.7 4.6 14.5 4. 14.2 161 14.0
2 15.9  15.6 15.3  15.2 15.0 14.9 14.7 4.6 145 4.4 146.2 1.1 1461 139 13.8
3 15.9  15.5 15.3  15.1 15.0 14.9  14.7 145 1. 14.2 1420 _
A 15.8 15.5 15.3 15.1 14.9 14.8 14.6 14.6 163 1461 —— _ — — 10
8 15.8  15.4 151 14.9 4.7 1.6 — — — — — - . .
15 15.7 15.3 14.9 1.7 — — — — — —_— . . .
30 5.6 150 — — — — @ — @ — — — — — - —
1 15.9 15.5 15.3 15.1 15.0 14.9 14.7 14.5 14.4 143 14.2 14.0 1 13.8 13.7
2 15.8  15.5 15.3  15.1 14.9 4.8 4.6 4.4 143 14.1 14.0 13.9 13.7 13.6 13.5
3 15.8 15.5 15.2 15.0 14.9 14.7 1.5 143 14.1 14.0 13.8 13.7 —
4 15.8  15.5 15.2 15.0 14.8 4.7 14.4 14.2 14.0 13.8 — — — — —— 20
8 15.8 15.3 15.0 14.8 1.6 1.b — — — — —
15 15.7 15.2 148 145 — — — — — — — @ — @ — @ — —
30 15.4 148 — — — — — — — —
1 15.8 15.5 15.2 15.0 14.9 14.7 14.5 143 1.1 13.9 13.8 13.6 13.5 13.3 13.1
2 15.8 15.5 15.2 15.0 14.8 14.6 4.4 14.1 13.9 13.7 13.6 13.4 13.2 13.0 12.8
3 15.8 15.4 15,1 14.9 4.7 4.5 14.3 14.0 13.8 13.6 13.4 —_
4 15.8 15.4 15.1 14.8 14.6 14.5 1.1 139 13.6 13.4 — _ — 40
8 15.7  15.2  14.9 4.6 1.4 1% —— e e
15 15.6 15.0 14.6 14.2 — — — — — —
30 15.3 146 — — — - —_— - — — .
1 15.8  15.4 15.1  14.9 14.7 1.6 143 14.0 13.8 13.6 13.4 13.2 13.0 12.8 12.6
2 15.8  15.4 15.1 14.8 14.6 14.5 14.2 13.9 13.6 13.4 13.2 13.0 12.8 12.5 12.3
3 15.8 15.4 15.0 14.8 14.6 1.4 1.0 13.7 13.5 13.2 13.0 128 — — —
4 15.7 15.3 15.0 14.7 14.5 14.3 13.9 13.6 13.3 13.0 B — 60
8 15.7 15.2 1.8 1.5 1%.2 139 — — — — — — — — —
15 15.5  14.9 144 161 — — — —
30 15.3 145 — @ — — — — — — — — — —
1 15.8 15.4 15.1 14.8 14.6 4.4 14.1 13.8 13.5 13.3 13.1 12.8 12.6 12.4 12.1
2 15.7 15.3  15.0 14.7 14.5 143 14,0 136 13.4 13,1 12.8  12.6  12.4  12.1  11.9
3 15.7 15.3  14.9  14.7 4.4 142 13.8 135 13,2 12,9 12.6  12.4 _
4 15.7 15.2  14.9 14.6 143 1.1 137 134 130 1.7 —  —  — 80
8 15.6 15.1  14.7 143 1%4.0 13.8 — — — — —— —_ —
15 15.5 1.8 1.3 139 — — — — — — — _ —
30 1%.2 %4 — — — @ — — — — — _— — — —
1 15.7 15.3  15.0  14.7  14.5 143 13,9 13,6 13.3 13,0 12.7  12.5 12.0 1.7
2 15.7 153 14.9 14.6 4.4 146.2 13.8 13.4 131 12.8 12.5 12.3 1.7 M.
3 15.7 15.2  14.9 14.6 14.3 141 13,6 133 12,9 12.6 12.3  12.0 _
4 15.7 15.2 14.8 145 14.2 1.0 135 13.1 128 1’24 — — — — — 100
8 15.6 15.0 14.6 14.2 13.9 13.6 — — —0© — — — — —
15 5.4 1.8 1.2 138 — —m — — — — — — — — —
30 15.1  14.3 _—— — — — — — — —— — — —
1 15.7 15.2 1.8 145 14.2 13.9 135 13.0 12.7 12.3 12.0 11.7 11.4 10.8
2 15.6  15.1  14.7 4.4 141 13,8 13,3 12,9 12,5 121 11.8 115 1.2 10.5
3 15.6 15.1 1.7 143 14.0 13.7 13.2 12.7 123 11.9 11.6 1.3 —
4 15.6 15.0 14.6 14.2 13.9 13.6 13.1 126 122 M8 — — — — — 150
8 15.5 14.9 14.4 139 136 132 — — — — — — — — —
15 15.3  14.6 14.0 135 — — — — — — — — — —
30 %0 %1 — —= — — — — — — — — — — —
Note: TERE:
1. (kW) of Exposure Equals mA x kV. TSI (kW) 25T mAxkV.  filTn: 70

For Example: 70 kV x 300 mA = 21 kW.
2. Exposures less than .010 seconds will have a
kW rating same as .010 seconds.

Nominal anode input power for the anode heat
content 70%. IEC 60613

WAL © 2021, JTEME G AR A E.
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Serial Load Ratings IEC 60613

ESAEHAEH IEC 60613
0.6 Focal Spot 3@ 10 Degrees 150/180 Hz
0.6 £ 15 3@ 10 & 150/180 Hz
R SPEE AL (W), VERIZIE S E T B B R MBI TR (FD) R4k VRS
I 0.010 0.020 0.030 0.040 0.050 0.060 0.080 0.100 0.120 0.140 0.160 0.180 0.200 0.225 0.250 KK
1 53.8 52.3 51.1 50.1 49.3 48.5 47.2 46.0 44.9 44.0 43.1 42.3 41.6 40.8 40.0
2 53.7 52.0 50.7 49.6 48.7 47.8 46.3 45.0 43.8 42.7 41.8 40.9 40.1 39.2 38.4
3 53.6 51.7 50.3 49.1 48.1 47.2 45.5 441 42.8 41.6 40.6 39.7 —
4 53.4 51.5 50.0 48.7 47.6 46.6 44.8 43.2 419 40.7 — — — — —— 10
8 52.9 50.4 48.6 47.0 45.6 444 @—r @—r — @ — @ — — - —
15 52.1  49.1  46.7 447 —or — — — _ — —
30 50.9 47.0 — — @ — — — — —— — — — .
1 53.6 51.9 50.5 49.4 48.4 47.5 45.9 445 433 42.1 411 401 39.3 38.3 37.4
2 53.5 51.5 50.1 48.8 47.7 46.7 44.9 433 41.9 40.7 39.5 38.5 37.6 36.5 35.5
3 53.3 51.2 49.6 48.2 47.0 45.9 44.0 42.3 40.8 39.4 38.2 371 — —
4 53.1 50.9 49.1 47.7 46.3 45.2 43.1 41.3 39.7 383 — — — — — 20
8 52.4  49.6 47.4 45.6 440 425 — @ — — — — o
15 51.4 47.9 451 428 — — @ — @ — — @ — — — —
30 49.7 451 —r — - - —
1 53.3  51.2 49.6 48.2 46.9 45.8 43.8 42.1 40.5 39.1 37.8 36.7 35.6 34.4 33.3
2 53.1 50.8 49.0 47.5 46.1 44.9 42.7 40.8 39.1 37.6 36.3 35.0 33.9 32.7 31.5
3 52.8 50.4 48.5 46.8 45.3 44,0 41.7 39.7 37.9 36.3 34.9 336 — —0 —
4 52.6 50.0 47.9 46.2 44.6 43.2 40.7 38.6 36.7 351 — — — — — 40
8 51.8 48.6 46.0 43.8 42.0 40.3 — — — — — — — ——
15 50.6  46.5 43.3 40.7 — — — — — — - — — —
30 48.5 432 — — @ —-— - — — — — — — — — —
1 52.9 50.5 48.7 47.1 45.6 443 42.0 40.0 38.2 36.6 35.2 33.9 32.7 31.4 30.2
2 52.7 50.1 48.1 46.3 44.8 43.4  40.9 38.7 36.9 35.2 33.7 32.4 31.1 28.6
3 52.4  49.7 47.5 45.6 44.0 42.5 39.8 37.6 35.6 33.9 32.4 31.0 — —
4 52.2  49.3  47.0 45.0 43.2 41.6 38.9 36.5 34.5 32.7 _ — — 60
8 51.3  47.7 44.9 42.5 40.5 38.6 — —© —@ — — — — —
15 50.0 45.6 42.1 392 — —mM @ — — — — — — — R
30 47.7 419 e e e e
1 52.6 49.9 47.8 46.0 444 42,9 40.4  38.1 36.2 34.5 32.9 31.6 30.3 28.9 26.8
2 52.3  49.5 47.2 45.3 43.5 42.0 39.2 36.9 34.9 33.1 31.5 30.1 28.9 27.4 26.2
3 52.1  49.1 46.6 4b.6 42.7 41.1 38.2 35.8 33.7 31.9 30.3 289 — — —
4 51.8  48.6 46.1 43.9 41.9 40.2 37.3 34.8 32.7 30.8 _ 80
8 50.9 47.0 44.0 41.4 392 373 @ — — — — — — — —
15 49.5 44.8 41.1 380 — — —, — — — - - —
30 47.1 41.0 -V — - — — — — — — — —
1 52.2  49.3  47.0 45.0 43.2 41.6 38.8 36.5 34.4 32.6 31.0 29.5 26.8 23.8 21.4
2 52.0 48.9 46.4 443 42.4  40.7 37.8 35.3 33.2 31.3 29.7 28.2 26.8 23.8 21.4
3 51.7 48.4 45.8 43.5 41.6 39.8 36.8 34.2 32.0 30.2 28.5 27,1 — — ——
4 51.5 48.0 45.2 42.9 40.8 39.0 35.8 33.2 31.0 29.1 _ — — 100
8 50.5 46.4 43.1 40.4 38.1 361 — — — — — — - - —
15 491 441 40.2 3.0 — — @ — — — — — — - — —
30 46.6 40,2 — @ — — —— ——
1 51.4  47.9 45.1 42.7 40.6 38.7 35.5 32.9 29.8 25.5 22.3 19.9 17.9 15.9 14.3
2 51.2 47.5 44.5 42.0 39.8 37.9 34.6 31.8 29.6 25.5 22.3 19.9 17.9 15.9
3 50.9  47.0 43.9 41.3 39.0 37.0 33.7 30.9 28.6 25.5 22.3 19.9 — —
4 50.7 46.6 43.3 40.6 38.3 36.3 32.8 30.0 27.7 2.5 — — — —— —— 150
8 49.7 469 4613 38.2 3.7 35 — — — — — — —_— —
15 48.2 425 383 3.0 — — — — — — — — —
30 45.5 386 — — — — — — — — — — — — —
Note: TERE:
1. (kW) of Exposure Equals mA x kV. 1 BB IE (kW) ZE T mAx kv, filll: 70

For Example: 70 kV x 300 mA = 21 kW.
2. Exposures less than .010 seconds will have a
kW rating same as .010 seconds.

Nominal anode input power for the anode heat
content 70%. IEC 60613

WAL © 2021, JTEME G AR A E.
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Serial Load Ratings IEC 60613
LRI E 1 1EC 60613
1.0 Focal Spot 3@ 10 Degrees 150/180 Hz
1.0 £ /5 3@ 10 J&¥ 150/180 Hz

VAP

R SR M (W), VRIS R B AR ST ] (FD) Rk VR
M 0.010 0.020 0.030 0.040 0.050 0.060 0.080 0.100 0.120 0.140 0.160 0.180 0.200 0.225 0.250 AL
1 104.9 100.7 97.5 94.9 92.6 90.5 86.9 83.7 81.0 78.5 76.2 74.1 72.2 70.0 68.0
2 104.4 99.6 96.1 93.1 90.4 88.1 84.0 80.4 77.3 74.6 T2.1 69.8 67.7 65.4 63.2
3 103.8 98.6 94.7 91.4 885 8.9 81.4 77.5 742 71.2 68.6 66.2 —
4 103.4 97.8 93.6 90.0 8.8 ‘8.0 79.1% 7.9 7.4 683 — —0 —0 —o —— 10
8 101.8 95.1 89.8 8.4 8.6 W83 — — — —m — — — — —
15 99.8 9.7 8.4 8.1 — — — — @ — — — - — - —
30 97.3 8.4 —0 — @ — @ — — ——— e e e
1 106.2 99.3 95.5 92.4 89.6 87.1 82.7 79.0 75.7 72.7 70.1 67.7 65.4 62.9 60.6
2 103.5 98.0 93.8 90.2 87.1 84.3 79.4 75.3 71.7 68.5 65.7 63.1 60.8 58.1 55.8
3 102.8 96.8 92.1 88.2 84.8 81.7 76.5 72.0 68.2 64.9 62.0 593 — e
4 102.2 95.7 90.7 86.5 82.8 79.5 73.9 69.2 65.2 61.8 — —m — — —— 20
8 100.1 92.2 8.0 80.9 765 7.7 — — — —m — — —— — —
15 97.3 87.5 8.1 7%.1 — — —)— — @ — — — — - —
30 93.1 8.0 — @ — e
1 102.8 96.8 92.1 88.1 84.7 81.6 76.2 T71.6 67.7 64.3 61.2 58.4 55.9 53.2 50.7
2 101.9 95.3 90.1 85.8 82.0 78.6 72.8 68.0 63.8 60.3 57.1 54.3 51.8 49.0 46.5
3 101.1  93.9 88.3 83.6 79.5 75.9 69.8 64.8 60.5 56.9 53.7 50.9 — —r ——
4 100.4 92.7 86.7 81.7 77.4 T73.6 67.2 61.9 576 539 — — — — —— 40
8 97.9 88.6 81.4 75.5 70.5 663 — — —4 —/ — —} —— — @ —
15 9%.4 830 745 67.8 — —r — — — @ — — — - —
30 88.9 4.9 —r @ —— e S e e
1 101.5 94.5 89.0 84.4 80.4 76.9 70.8 65.8 61.5 57.8 54.5 49.6 447 39.7 35.7
2 100.6 93.0 87.0 8.1 77.8 74.0 67.6 62.4 58.0 54.2 51.0 48.1 44.7 39.7 35.7
3 99.7 91.5 85.2 79.9 75.3 71.4 64.8 59.4 54.9 51.2 47.9 45.1 — —
4 99.0 90.3 83.5 78.0 73.2 69.1 62.2 56.8 52.3 48.5 — —_ 60
8 96.3 85.9 78.0 71.7 66.4 9 -— - — — — — — —— —
15 92.4 79.9 70.9 63.8 — e
30 8.3 712 —— — e e e e e e e
1 100.2 92.4 86.2 81.1 76.7 72.8 66.2 60.9 55.8 47.9 41.9 37.2 33.5 29.8 26.8
2 99.3 90.8 84.2 78.8 74.1 70.0 63.3 57.8 53.3 47.9 41.9 37.2 33.5 29.8 26.8
3 98.4 89.4 8.4 76.6 71.7 67.5 60.6 55.1 50.5 46.7 41.9 2 =
4 97.6 88.1 80.7 74.7 69.7 65.3 58.2 52.6 48.1 444 —ror @ @—— — —— —— 80
8 9.8 83.6 75.2 68.5 63.0 584 — — — — —} — — — @ —
15 90.8 77.5 68.0 608 — —r —r — —/m —_— — — — — —
30 84.2 68.5 —08' @ — e e e e e
1 99.0 90.3 83.6 78.0 73.3 69.1 62.3 53.6 44.7 38.3 33.5 29.8 26.8 23.8 21.4
2 98.1 88.8 81.7 75.8 70.8 66.6 59.5 53.6 44.7 38.3 33.5 29.8 26.8 23.8 21.4
3 97.2 87.3 79.8 73.7 68.6 64.2 57.0 51.4 447 38.3 335 29.8 —_ =
A 96.4 86.0 78.2 T71.9 66.6 62.1 54.8 49.2 44.7 38.3 _ 100
8 93.5 81.5 72.7 65.8 60.2 5.5 — — — — — — — — —
15 89.3 75.4 65.6 58.2 — —mM @ — @ — — @ — — — — — —
30 8.6 63 — — — — — —— — — — — — —
1 96.2 85.7 77.8 71.4 66.0 59.6 44.7 35.7 29.8 25.5 22.3 19.9 17.9 15.9 14.3
2 95.2 84.2 76.0 69.3 63.9 59.3 44.7 35.7 29.8 25.5 22.3 19.9 17.9 15.9 14.3
3 9.3 82.8 74.2 67.4 61.9 57.3 447 35.7 29.8 25.5 22.3 19.9 _ —
4 93.5 81.5 72.7 65.8 60.1 55.5 44.7 35.7 29.8 25.5 _ e — 150
8 90.5 77.1 67.5 60.2 544 497 — — — — — — — — —
15 8.2 7.0 608 532 — — — — — — — — — — —
30 792 60 — — @ — — _—— — — —— — — —
Note: TR
1. (kW) of Exposure Equals mA x kV. RS TH =R &3 R i1
;orEExampIe: I70 kvhx 3%(1)OmA=2LkW._” o Lv%;‘%gjri(ivg IfVT Ak BT
D e o, i e 217 000 B is5 000 BB
AR I EE T
Nominal anode input power for the anode heat BEAM IR B 70% FIFRFRPEA F A TR, IEC
content 70%. IEC 60613 60613
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Anode Heating & Cooling Chart
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Anode Heating and Cooling Curves
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Note:

Heating and cooling curves reflect maximum tube
performance. Tube operation is ultimately limited by
system software control.
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