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Abstract: A novel low-ripple adjustable DC-regulated power supply based on proportional-integral-vector proportional-integral composite
control suffers from significant output voltage ripple coefficient and steady-state accuracy fluctuations under varying load conditions,
particularly when its output current changes. This paper proposes an optimal control parameter self-tuning method based on adaptive
output current. The paper introduces the topology of the DC-regulated power supply and the proportional-integral-vector proportional-
integral composite control method employed. The control parameters of this method are treated as optimization objects, while the output
voltage ripple coefficient and steady-state accuracy of the DC-regulated power supply are the optimization objectives. By establishing the
mathematical model between the optimization objects and the optimization objectives, and defining a multi-objective optimization fitness
function, a multi-objective artificial hummingbird optimization algorithm is applied to optimize the control parameters. Based on this, the
function relationships of the optimal control parameters with respect to the output current of the power supply are determined. Finally, the

effectiveness of the method is verified through simulations and experiments, with a comparison to traditional control methods. The results
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demonstrate that the proposed optimal control parameter self-tuning method for the proportional-integral-vector proportional-integral

composite control-based low-ripple adjustable DC-regulated power supply can dynamically adjust its optimal control parameters based on

the actual output current, achieving the best output voltage ripple coefficient and steady-state accuracy under varying load conditions. For

example, within the rated output current range of the power supply, two output current values of 1.8 A and 3.4 A were arbitrarily

selected. Compared with the traditional fixed control parameter method, the output voltage ripple coefficient obtained by using the method

proposed in this paper decreased by 22. 5% and 19. 0% respectively, while the steady-state accuracy increased by 21.4% and 19. 1%

respectively. It can be seen that the use of the method proposed in this paper has significantly improved the technical performance of the

power supply, thus has substantial practical application value.

Keywords : new low-ripple adjustable DC power supply; control parameter optimization; multi-objective artificial hummingbird

optimization algorithm; parameter self-tuning method
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Fig. 1 The main circuit topology of a new type of low ripple adjustable DC stabilized power supply
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Fig. 2 Control schematic block diagram
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Table 2 Main technical specifications of power supply
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Table 3 Parameters related to objective artificial

hummingbird optimization algorithm
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Table 4 Output current and its optimal control parameters

it LT/ A K, K, Ky K,
0.5 31.458 3.59%107° 12. 60 16.2
1 36.70 4.90x107* 13. 829 64. 1
1.5 40. 41 8.67x107* 20.26 102
2 45.12 1.26x1073 25.364 123
2.5 48.17 1.80x107° 28.56 169
3 50. 48 2.39%x107° 34.26 276
3.5 54.61 2.86x1073 39.013 335
4 62. 84 3.39x1073 45.43 377
4.5 67. 46 4.01x1073 50. 67 465
5 71.01 4.94x107° 56.99 524
5.5 73.18 5.69x1073 64. 01 579
6 76. 51 6.03x1073 67.49 621
6.5 78.22 6.53x1073 68.73 663
7 82.31 6.91x1073 73.157 751
7.5 83.34 7.32x1073 76. 63 786
8 86. 48 7.65%1073 80. 54 833
8.5 89.79 8.29x107° 87.13 862
9 92. 84 8.83x107° 91.78 893
9.5 96. 45 9.27x1073 95.54 927
10 99. 49 9.86x107° 99. 09 986

RIS E K, REOCR K, (1) R

K,(1,) =
(6.09 x 107°1° - 1.45 x 107" + 1.16 x 107°1° -
2.52x 10717 +4.92 x 107, — 1.97 x 107*)/(I, +
1.88) (14)

B ERSE K, HRECCRN K (1) H:

K,(1))=2.07 x 10°sin(0. 161, + 9.68 x 107°) +
1.97 x 10%sin(0. 151, + 3.24) + 1.97sin(1. 381, + 0.54) —
0. 74sin(3. 651, — 2.73) (15)

RIRERISECK, PR RR K, (1) R

K,(I))=3.31 x 10’sin(0.26/, + 0.56) +
3.04 x 10%sin(0. 317, + 3.67) +
14.26sin(0. 661, + 5.31) + 1. 84sin(1.691, + 4.58) +
0.33sin(2. 041, + 5.55) + 0.37sin(4.591, — 6. 12)

(16)

A% 4 & Bt iE R S 8U (13) ~ (16) s
I RFE T SE RBOC R 2, 15 3% R S 500
PLA ML, s 4~7 Fs

Jg it —HBAE (13) ~ (16) BURCH, AnfEHL 1.9
3.9 A WZHHL IR AE, 43 R 2K (13) ~ (16) M B4R
AR AR A AT 3125 SR A28 Tl S B0 S A 1 1 i 1% v
SUE RPN ASHKEEE , 43 3R 5 F 6 FrR .,

RAER 5 e nf W ARHAE (13) ~ (16) 1155 B
K FHRAR SR A 25 R BE AW ) DT 156 ) A SC R 1945
AR SE R BOC R AR AR,

100

80

K1

60

40

[ 4

4 6 8 1-0
i H HTDA
AL SEK, A

Fig. 4 Fitting curve of the optimal control parameter K,

<107

& 5

8 10

4 6
i HRDA
AL SEK, A Lk

Fig.5 Fitting curve of the optimal control parameter K,

100

80

60

K3

40

20

Kl 6

4 6 8 10
i EIRDA

AL SH K, A

Fig. 6 Fitting curve of the optimal control parameter K,

1000

800

600

K4

400

200

7

4 6 s |.o.
it B RIA
AR SEK, LAl

Fig. 7 Fitting curve of the optimal control parameter K,



- 60 - LSRR R e o

39 &

F5 HEEMEERAA R R HEELSERE
Table 5 Output voltage ripple coefficient corresponding to

calculation method and direct optimization method

SRR LA PRECT R % HiEA /%
1.9 0.032 0.031
3.9 0. 034 0.033
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Table 6 Steady-state accuracy corresponding to

calculation method and direct optimization method

SEFRY LR A PR/ % HiEM/ %
1.9 0.011 0.01
3.9 0.015 0.014
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Table 7 Output voltage ripple coefficient correspond to
this method and the traditional method
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Table 8 Steady-state accuracy correspond to
this method and the traditional method
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Table 9 Experimental results
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