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Abstract
Aiming at the challenge of controlling the polishing uniformity of deep hole inner surfaces, polishing
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technology based on magnetorheological fluid offers a new solution. A polishing head composed of
a main magnet and three auxiliary magnets is proposed. Through rotation, it drives the magnetic
compound fluid (MCF) polishing liquid to form a controllable flow field within the elbow, enabling
inner surface polishing. Based on a simulation platform, a coupled model integrating the polishing
head’s motion, MCF fluid dynamics, and the geometric structure of deep-hole workpieces is estab-
lished. By defining multi-physical field boundary conditions for magnetic field-flow field-solid mo-
tion, simulation analysis is conducted. Results show that the claw-type polishing head can generate
a uniform magnetic field inside deep holes. Analyzing the wall shear stress distribution verifies the
driving efficiency of the claw-type polishing head on MCF polishing liquid and the uniformity of deep
hole inner surface polishing. This study provides a theoretical foundation for applying magnetorhe-
ological fluid polishing technology in deep-hole machining and lays the groundwork for optimizing
polishing head structures and regulating process parameters.
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Figure 1. Schematic diagram of mesh generation
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Table 2. Key Parameters of Simulation Materials
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Figure 2. Magnitude of magnetic field density varies with time

2. w#iinE AR E L
RIS, 3 D0 2% IR (¥ o7 B B I TR R AR A AN AR B IR e Ui, AR L s it e
IR b R AN RS AR RENS SR TAH R ORI R . MO T A R U, XA LRSS A
ROWARUEIN TR 501, 8 e R VE AT SBURIN TREZESR, ARZREEE. 1R
i TR R 7 S fREE.

3.3. HYIN 9 HT

BY L) R 77(N/m?)
103 x103 103
X Q 8 X
7
i 7
6
5 9 5
y 4
3 3
2
y‘\T/'X : E i 1
(a) 0s (b) 0.4s (c) 0.8s

Figure 3. Shear stress
3. EYIR A

DOI: 10.12677/m0s.2025.145445 932 5 1 A


https://doi.org/10.12677/mos.2025.145445

Y, Pl

ke 3 PiE SRR, AR BTN ) RIS (AR 5100 A HLREI [RIZh A28, Hop Al S
P PR S IR ARG, RIS g XIS 82 o BOAIE T 37 960 P AR A EL RS R AR ) J 0k 1, 37 SR Bl
SR, AN BEERAE R, BUUIN I E ST RIS B AR L AR g, A
BIYIRE D153 A BEIN (B AL, AU - Ak - BT ER A A .

XARBIYIN SRR I TERA R L —J7 1, BTN XIS RE SR A e v B ARk A
DIEIVER, i R0 B X BT DR 0 70 A R, T TRl n T i X3 55— 7, BYYINyhl g i
LI AR, A AR % RSN 2 T BT VIR, R R BN T, S
P )AL R OR B T o TR 51PN T2 A8 1

3.4. HHBNRERIR BN TR E RN

L2 TGk, 4 B R AT TR LN R 10 A0 L e 3ot e . it e Bhii i 5 &
T4t 22 1B) 3 3 PR T N LR T R B A5 . A RIE MCF AR &A= Kk, K Emisr i & Y 400
rad/s. i BIRGARE E 3 T S5 I TF 5L, )—800 rad/s %= 800 rad/s, P4 100.

12000
—=— R KfE
—e— f/ME
10000
. 8000 | ././-/.*././-\'\-\./.*./-\-ﬂ
g L
Z 6000 F
R
21 4000 |
=
= 2000 |
ol H_'_.—c-—o——"’."\'/H—.—o—o*.
72000 1 1 1 1 1 ]
-900 —600 =300 0 300 600 900
H5E (rad/s)

Figure 4. The influence of the rotational speed of the auxiliary magnet on the shear stress
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