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Abstract

Cathode Space Charge Effect (CSCE) and Filament Current Drift (FCD) are inherent characteristics
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of X-ray emitting tube, which is the key problem for the precise control of tube voltage and tube
current in X-ray machines. The traditional control scheme is defective and difficult to meet the
requirements of small and lightweight, high efficiency, fast response and high performance of
X-ray machines. A new control strategy is proposed in this paper to solve this challenge. Based on
the closed-loop control strategy of X-ray tube current, the duty cycle is used as a nonlinear
real-time dynamic compensation for X-ray tube Cathode Space Charge Effect (CSCE), and the
feed-forward control is constructed to achieve rapid pre-adjustment for a wide range of variations
of the tube voltage; The serial control of X-ray tube filament current as a subcontrol variable is
constructed to cope with the hysteresis of the tube current and to reduce the time constant of the
whole X-ray emission process. Four sets of small high-frequency X-ray machine prototypes are
developed independently, MC34067 tube voltage control circuit and TL494 tube current control
circuit are constructed, and the microcontroller compensates the Cathode Space Charge Effect
nonlinearly according to the tube voltage range section, and the control effect of the newly devel-
oped prototype is tested. The test results show that the new strategy for controlling the X-ray ma-
chine is effective, the circuit device is reliable, and the X-ray photos are clearly.
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Figure 1. Main circuit of micro high frequency X-ray machine
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Figure 2. Control circuit of tube voltage
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Figure 3. Voltage control strategy
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Figure 4. Control strategy of feedforward-feedback for the X-ray tube current
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Figure 5. Control strategy of feedforward-cascade for the X-ray tube current
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Figure 6. Compensation circuit
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Figure 7. Prototype of small high-frequency X-ray machine
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Figure 8. Experimental results of Prototype control strategy
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Figure 9. X-ray photos of these prototypes
9. ¥l X kB R

7. &t

G OCHEH T AR RO X S AL F ) S, Ak ok 1 X IR e MUK B )RR 0 AL 1) o 2 B (B
HLIS S BB ) SE IR SEN BTSSR HUE KD, BEAT 20 BUARZREAME X 28 B AR 22 R LA RN 2)
FEIE T Mok o8 A AT 22 P 38 A SE BN R PR P 7 IR b, SINIT 2 AR MBIl 2 &
T PRI 5 A AR/ AN S R PR P S0, 4 R I TR )7 FRLIRUAR A 422 fl) SRS o R R B
Fi MC340367. TLA494, fil] i S ELI s ) 75 V5 O R A0 X SRR REL . FERL B0 25 JRAR W] 1% L B 2
BATEEA R RS AT ROTAT » X ST EAR RO R - ASCHEFTIK XA ERHLE HL s 1) P 2 i SR
R LR . mAs . RN rE R RO AL A i FLR T DASEEIL X ZRAILAE FRLIAT AR P A 1 SR
B2 e oA EANR D BEAN SR I 1R, SEBL T X PR MLI ek e .

DOI: 10.12677/aepe.2024.123010 91 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2024.123010

¢ LK

123
Bl
Bl

E&WE

TLPE A RHE 311 20161BBG70033; 7 22 i BHE i1kl 20222-181740.

SE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]
[13]

gL, XUME, Tk, TR AR LE M CT BRI E PO G F 0], o BT k&,
2023, 38(10): 73-78.

kIR, BN, 2E5EaE, X4LE, ARAH. AR RS B IR R LE RS CT R4t
FIRMIMEL]. T 554 E, 2023, 46(4): 688-691.

LT, RN, MRz, W, TR/ IRIER X LB R UL T ], T E SR AR,
2023, 40(4): 456-462.

T, BARRE, TEE, Ti5eE, TkBEW. MG SEOTE RS BRI HEARECS B 3) 8 B iR B AR /e 52
W [J]. I BRI 15 4%, 2023, 38(3): 21-25.

MRIEERE, ST, Tom, BN, AEIREY S X LI )y s g | F % [P]. A &R, CN 201110189158 4.
2013-07-10.

Goo, H.W. and Suh, D.S. (2006) The Influences of Tube Voltage and Scan Direction on Combined Tube Current
Modulation: A Phantom Study. Pediatric Radiology, 36, 833-840.

Liang, S.-S. and Tzou, Y.-Y. (2001) DSP Control of a Resonant Switching High-Voltage Power Supply for X-Ray
Generators. 4th IEEE International Conference on Power Electronics and Drive Systems, 2, 522-526.

A ME, RS, B4R FET STM32F429xxx ACHERS G X SHENLIEHI RG] - EET7 2300E B,
2022(11): 32-36.

R, ki, XIF5R. X LIRS A s OISR E B A R AR 28 B R L PEREVE (3], A LA, 20009,
28(6): 76-82

Mrup ke, W=, HAE. S8 X SR04 fath (0t B g7 vk AR g [P]. AR [E & ], CN201510131916.2.
2015-05-09.

MRifghg, kPR, w%, BALE. —MeiiE R X FLIEMA S VL P]. HE%F, CN 200920060095.0.
2010-05-05.

SERAS, MRIEHE, SKPHME, S E R R X WL HI[I]. o E 7 a8 4 &, 2008, 32(6): 443-448.
MR, 1Raadt, MRERE. X SHERHLE i s sl vEm 7e[9]. % T2 SERMIEIAR, 2008, 28(4): 770-773.

DOI: 10.12677/aepe.2024.123010 92 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2024.123010

	小型高频X射线机的控制策略及样机研制
	摘  要
	关键词
	Control Strategy and Prototype Development of small High Frequency X-Ray Machine
	Abstract
	Keywords
	1. 前言
	2. X射线机主电路设计
	3. 电压控制策略及实施电路
	4. 管电流快速控制及实施电路
	5. 空间电荷效应的补偿电路
	6. 试验结果
	7. 结论
	基金项目
	参考文献

