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Study on acceleration control strategy in resonant acoustic mixer
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(1. College of Automation and Electronic Engineering, Qingdao University of Science and Technology,Qingdao 266061, China;
2. Qingdao Institute of Bioenergy and Bioprocess Technology, Chinese Academy of Sciences,Qingdao 266101, China)

Abstract: Given the control accuracy problem of the resonant acoustic mixer’s acceleration, a radial basis function
neural network (RBFNN) PID optimized by an improved sparrow search algorithm (ISSA) method is proposed to
control acceleration. Firstly, the acceleration model is identified through the step response curve. Secondly, the
sparrow search algorithm is enhanced by introducing a Tent chaos initializing population and a linear dynamic inertial
weight method for updating the discoverer’s position. Thirdly, ISSA is then applied to optimize the parameters of the
RBEFNN. Finally, the optimized RBENN-PID is employed for the simulation test of acceleration and compared with
other traditional algorithms. The simulation results show that the convergence speed and optimization ability of the
developed ISSA are superior to other algorithms. It is found that the RBFENN-PID acceleration control optimized by
ISSA can effectively suppress system overshoot and improve system control speed, accuracy, and stability.
Experimental results show that, compared with the comparison algorithms, the RBFNN-PID acceleration control
system optimized by ISSA demonstrates superior control performance and adaptive capability, providing a great
practical value for the acceleration control of the resonant acoustic mixer.

Keywords: resonant acoustic mixer;sparrow search algorithm;radial basis function neural network;acceleration control
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FT &1 10 FIER 4 AT AL, 25 45 58 B0 R BE BTl 75 G
M, 4% 40 PID 4 il i3 BE il 26 i 98 345 i 1] Ry 5. 31 s, B A
B 6.93% FaRIRE N 1. 25 G, ik BIFa A I [ 4K, 8
K, B AR 258 K ISSA-RBENN-PID % il 2 5 1
FHABR B 545 PID fihil 40 He . 8 98 i 20 78. 79 %,
PRI B (145 50. 28 %0 , R AR IR 22 98 D 48. 894, B I i KR
REEAT 80 5 sl i) 2 0 20>, g iy R AP, AR R R 22D
By b SR AT A, 4 ] ISSA-RBENN-PID #2155 B b £

T SR IE AR SC R AR YA N A R R RE L AE O s
WABERIEN 70 G B A 5 FREENT R 40 s, [A] B 7E
T 20 s BP0 AS 28l 70 G 20480 50 G, 18 3 i b
IR I E 11 PR,

& 11 A, 7E BB 9 70 G B, £ 8 PID B
i . 38 B 6.486%, W T il = I AR . ISSA-
RBFNN-PID A8 # &} 1. 706 % . M8 & i PID 32> T
73. 7% M8 SSA-RBFNN-PID W% &5 , {H AT 78 8 A% /K -,
00 BE R V) ek 50 G A, 2 PID B4 4 E & 8 &

e 36

b ),
LG

LN R

---PID

- - - - RBFNN-PID

— - —GWO-RBFNN-PID
= - = SSA-RBFNN-PID

- - ~ISSA-RBFNN-PID_

0 10 20 30 40

i i) /s
11 D)4 B ) B R Y R G A 4k

Fig. 11 System output curve with switching acceleration setpoint

B o 9. 9296, R B L XU 46 o 3 B B 0 3 PR 4K 2%
ISSA-RBFNN-PID HY# i &t fe /Iy, ALK 1. 89206 , tHER 4 it
PID & /> T 80.9%, #i # GWO-RBFNN-PID W /> T
71. 7% A% SSA-RBFNN-PID /> T 36. 4%,

EHFRE N 70 G B}, ISSA-RBFNN-PID #4835 B+ [
LR 171 s, OB T MR Eim Y fig ). &t PID A
RBF-PID #9845 B 1] 5 4, 433 2 5. 85 s Al 6. 21 s, M Bif
BWE R, GWO-RBFNN-PID F1 SSA-RBFNN-PID fi4
AIHE] 2B 2. 565 s I 3 s PEBES TR 2 0Al, 7 H bR
8% 50 G BF, ISSA-RBENN-PID ¥k 3 9 ) 5% 4 04 98 5
B fal . A R 1. 615 s, b SSA-RBFNN-PID %48 1 11.5%,
2 PID 4508 T 74. 3%,

MEFREM 70 G VIHRE 50 G B £ 5 PID Y52 A%
FiA5 3,486 G, BB ZWRSEGKEE, XEEH
T B LM 2 T DL R R R, S BUE 5
FEZHL PID M LA RIGE I N B 38 A A8k, L2 T,
ISSA-RBFNN-PID W fa# iR 25 B AL, 7 BARE N 70 G
M50 G ISR 22400 R 0. 889 G Al 0.835 9 G, JEHL
TR e B RS E DRG B [ A RE 1% T A 25 M JOE X B Y
ekt L P R A AR s ok B Pk

5 & i

AR SR % RS AR A A% I B R LR 1k L 2 R R AR
PR, $2 10 T — M BT ISSA 8 14k i RBFNN-PID
PRI WS . 4%, AR RBENN J7 i fff o 22 81 PID K fig 78
L% K, K, 1K, S50 8 kA ISSA SRk &4
1k RBENN %] 44 %0, ## 7 RBFNN By kMg )5 . H
k)5 i RBENN 2 5% PID 5 il #% 2 50, 18 8 T fc i
PP IR . D B S 25 SR R, R ISSA Tk
RBFNN-PID ##il#% . £ LW R iR & K, K, MK, 3%
PTG LR, RS A A0 il 75 LR TR A 8 B . ix AR
TE R G R EE Fas HORE BE LA B i) 7 5 BB 1 44 R B o 4 2
Ptk AR SCHEH RIS T M A R R G
R 3G 5 2% T 00T 19 75 2R R A 25 o B o R A
H 3t ISSA fifk iy RBENN-PID #:41, J PLC 42t 1 754k



F AF.FARREE

ik R 35 R R AL AR T B2

A % & RBENN-PID f £ 1) 19 25 40 46 2 %0, LS B /N
U kL R A U8 YR D O i i o 3 R R RS B . i%OR
W Sy 7 LR IR A SR AL T B A 0 110 R AR I B L T R
BEH P AR HERR  IF 4 J5 1 52 BR BT 3858 T 8 S iy B i
Hor

&% 3k

[1] TANAKA R, TAKAHASHI N, NAKAMURA Y,
et al. Verification of the mixing processes of the active
pharmaceutical ingredient, excipient and lubricant in a
pharmaceutical formulation using a resonant acoustic
mixing technology[J]. RSC Advances, 2016, 6(90):
87049-87057.

[2] RUESCH M D. POWELL M S, SATIJA A. et al
Burning rate and flame structure of cocrystals of CIL-20
and a polycrystalline composite crystal of HMX/AP[]].
Combustion and Flame, 2020, 219 129-135.

[3] KIMY J, RAJAGOPAL R, KANG S, et al. Novel
dry deposition of LiNbO,; or Li,ZrO; on
LiNi, 4Co,., Mn, , O, for high performance all-solid-
state lithium batteries [ J ]. Chemical Engineering
Journal, 2020, 386: 123975.

[4] FREY K A, BAKER H., PURCELL D K, et al. Use
of resonant acoustic mixing technology for ultra-low-
dose blending in a single-step mixing process [ ] ].
Pharmaceutical Research, 2024, 41(1). 1-19.

[5] LENNOX C B, BORCHERS T H. GONNET L,
et al. Direct mechanocatalysis by resonant acoustic
mixing(RAM) [J]. Chemical Science, 2023, 14(27);
7475-7481.

[6] CLAYDON A J, PATIL A N, GAULTER S, et al.
Determination and optimisation of Resonant Acoustic
Mixing(RAM) efficiency in Polymer Bonded eXplosive
(PBX) processing [ J ]. Chemical Engineering and
Processing-Process Intensification, 2022, 173: 108806.

(7] OSORIO J G, MUZZIO F ]J. Evaluation of resonant
acoustic mixing performance[ J]. Powder Technology,
2015, 278 46-56.

[8]  ®pchk, £, £R, M. —Fh A& N IR 5

ROR SRR RS [T]. A 510K, 2021, 36(3);
20-23,27.
ZENG Q L, WANG S, WANG CH, et al. An
adaptive control system for resonant super-efficient
mixer [ J]. Automation & Instrumentation, 2021,
36(3): 20-23,27.

(o]  BREZ. FE A%, X0V 16w 32 5 v 4w 0 bl
fillR &5t PID it 7 ik (1], #Rah LR 24, 2024,
37(10): 1767-1774.

CHEN G R, NANGONG Z ], LIU B. Design method

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

of PID control for electromechanical servo system
based on dynamic characteristics requirements [ J ].
Journal of Vibration Engineering, 2024, 37 (10).
1767-1774.

A, EEW, KOUR, % T OSELM 5
PID B9 [ 35 B 3T B S48 i R4 (1], B 7 I B R,
2023, 46(13): 1-7.

ZHENG N, WANG H M, ZHANG Y L, et al
Adaptive grinding head control system based on OS-
ELM and fuzzy PID [J]. Electronic Measurement
Technology, 2023, 46(13) . 1-7.

BGsE, Bl ARG, B TR 1 R LA
W PID #246] Jr ¥k w52 (7], b E R LA 2= 4, 2024,
45(4); 141-148.

ZHANG H L, NIE X, HUANG ZH D. Research on
fuzzy PID control method based on Sparrow search
algorithm optimization [ J ]. Journal of Chinese
Agricultural Mechanization, 2024, 45(4): 141-148.
X, sRp, R, & =B A AR 1) B ek A Bl
MR BRI Rk (A AR
RR), 2023, 44(5): 49-55,7.

LIU K, ZHANG R, CUI ZH B, et al. Research on
cloud model optimization radial basis function neural
network algorithm[J]. Journal of Henan University of
Science and Technology ( Natural Science), 2023,
44(5): 49-55,7.

Fub R RA BTE PID 4 R 4 0 A
FE[D]. Kt REBT R, 2022.

WANG H. Application of sparrow search algorithm in
PID control system[ D]. Tianjin: Tianjin University of
Technology, 2022.

TIER], BMEHE. SRR, . T GA-BOH RBF 1
Je ML RS A pTPL I (T ], A IR = 4. 2023,
44(8): 319-328.

FENG X G, HUANG P H, ZHANG Z CH, et al.
Sliding mode active disturbance rejection control for
generator sets based on GA-fuzzy RBF[]]. Chinese
Journal of Scientific Instrument, 2023, 44(8): 319-328.
WANG G H. FENG D, TANG W L. Electrical
impedance tomography based on grey wolf optimized
radial ~ basis  function neural network [ J J.
Micromachines, 2022, 13(7). 1120.

XUE J K, SHEN B. A novel swarm intelligence
optimization approach: Sparrow search algorithm[]].
Systems Science & Control Engineering, 2020, 8(1);
22-34.

GAIJ B, ZHONG K Y, DU X J, et al. Detection of

gear fault severity based on parameter-optimized deep

. 37 .



448 % v 7o ¥ o3 A
belief net-work using sparrow search algorithm []]. [24] XUJC, LI X P, CHEN R Z, et al. Modeling and
Measurement, 2021, 185: 110079. control analysis of electric driving system considering
(18] ARHAML, 2. ZIRMSRlA A9 ook bk 28 1 R A vk ] gear friction based on dual-inertia system[]J]. Journal
AGV B MR [T ], AR 7 00 4 £ R, 2024, of the Franklin Institute, 2023, 360(5): 3633-3656.
43(7): 129-139. [25] DANG C L, WANG Y H, JIANG Z H, et al. Model
LE M H, LI L. Improved sparrow search algorithm predictive control for Vienna rectifier with constant
with multi strategy fusion and application in AGV path frequency based on inductance parameters online
planning [ J ]. Foreign Electronic Measurement identification[ J ]. Journal of the Franklin Institute, 2024,
Technology, 2024, 43(7) . 129-139. 361(7): 106795.
(191 X4edb. foess, FIHEE, 5. 5T ook R [26] ANDERSON S R, AM ENDE D J. SALAN J S,
P8 P1 R PMSM IR SR [ ]. Tl H A, et al. Preparation of an energetic-energetic cocrystal
2024, 47(11): 78-85. using resonant acoustic mixing [ J ]. Propellants,
LIU W S, SHI R L., ZHOU Q F, et al. Speed Explosives, Pyrotechnics, 2014, 39(5). 637-640.
regulation strategy of PMSM based on fractional order [27] MM, WRE, BHI, % T HEM PID # 6 1
proportional integral with improved sparrow search We+ 55 R R W e (0], b E R PLIb 2 4, 2021,
algorithm [ J]. Electronic Measurement Technology, 42(12): 101-106.
2024, 47(11). 78-85. HAO W B, FENG T Y. HUANG SH M. et al.
[20] ZEwk. A%id . &7 9F. SGHRRAE 1 R4 PMSM [ [H] Temperature control design of drying room based on
R N AR )], BT SR ), 2024, fuzzy PID control[ J]. Journal of Chinese Agricultural
38(7): 224-235. Mechanization, 2021, 42(12): 101-106.
LI B, YANG R, SHU Y. Application of improved (28] Xk, SBEE. £FE, 5. P E B 2R wg ok i KR
sparrow search algorithm in PMSM inter-turn short- Bk H PID S8 LT]. TEVAEE5HER,
circuit[ J ]. Journal of Electronic Measurement and 2023, 17(3): 620-634.
Instrumentation, 2024, 38(7) . 224-235. LIU W, GUO ZH Q, JIANG F, et al. Improved grey
[21] ZHANG C L, DING S F. A stochastic configuration wolf optimizer based on cooperative attack strategy
network based on chaotic sparrow search algorithm[]]. and its PID parameter optimization [J]. Journal of
Knowledge-Based Systems, 2021, 220: 106924, Frontiers of Computer Science and Technology. 2023,
[22] OUYANGCT., ZHUD L, WANG F Q. A learning 17(3): 620-634.
sparrow search algorithm [ J ]J.  Computational 1EE /AN
Intelligence and Neuroscience, 2021, 2021(1): 3946958. Ao, f 9T A, R EAFSE O A R H R 5 RE
[23] LI X J, GUJ A, SUN X H, et al. Parameter B

identification of robot manipulators with unknown
payloads using an improved chaotic sparrow search
algorithm [ J ].  Applied 2022, 52
10341-10351.

Intelligence,

38 o

E-mail:372188471(@qq. com

B GRAGIEHD B BRI, 2 E RS 5 17

BT A B8 AL A A 4

E-mail: zhangdian(@ qust. edu. cn



