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Abstract

This article focuses on the magnetorheological fluid-assisted support milling system, starting with
the establishment of a milling system dynamics model based on the magnetorheological effect.
Combined with the steady-state flow test results of magnetorheological fluid, the changes in stiff-
ness, damping, and current of the magnetorheological fluid-assisted support unit in the model are
analyzed, and the milling dynamics differential equation of the system is derived; And use the Si-
mulink module in Matlab software to conduct dynamic simulation on the established model, ob-
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tain the acceleration response of the system under the action of DC, sine wave, triangular wave,
and square wave currents, and analyze the results in time domains. The results show that under
the action of a 2 A square wave current, the acceleration amplitude of the system is the smallest,
and the natural frequency of the system is the largest at this time, which can significantly increase
the stiffness of the workpiece during the milling process to improve its machining accuracy.
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BER AR E R R REAARL, W] AR SMINRESZ (M PR AERR L S TR P9 eh A B AR A 5 2
SRR, HRXAAALR PSR [1]. JEJUER, MRS N T RE Gl FHEPR[2], mENUR
INTA, BEAU AR VLR R PSR i 1 A A e BN A S ARl in T R B R . BRIbE, 2 ST IR
PE 6 Kb TOLII G A A B SCHE R Gl 1A, TR R GRS LB B AT AR H HZ AT ST E 3] -

HAT, B A28 X 3 77 A @ o A TAR AT FE, X S [A1 R VL 1 TR Bl 7 S Rl Jeg 3 e Y
B SN AR, IR B AT AR, SRR A IR . AT ATTAE SRR M MR R o R S
IESERLRE ST, FIFH b8 TR, JEESL RGBS AL, b B W v s e AR
MM R o SR FASE [6] R T WA R s N7 WA AR B JE A3 (R 3h J1 AR, SRR IRt Tl HEL A P 085 K RELJE 28
iR AR BE e Sy iR AR 2 K . A AR [T B WA AR AR AR ST AL T S A, il R
32 7 AR IR B LA H S5 Naeem [8]55 it 1 — LI AR HE AR IR 2, I B 77 70 A R LI
WRIRBCR R 4F, HILHIE T A 5.

EREPRIR, 15 HrAE UM T rh Oy B2, AR SO TR AR B AR, 57 T Wk
WARBISCIEBEH Rl /AR, I iR B s 8 S B S LR bR FB AL AR 2R - R Simulink B4R 3t
RGEITN 1205, RFEAFBIG « AR IEAE U 28 G sk B i MR, Dy e S8 Bl in LAz &
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2. BT HARTYNGEI RGN NFEEER
2.1. WRTHEHI RS s HFER

RBtHI RGN A RS, WIS 1E 1 o3 T RERUAR RN B R G sl J) 21

B, F(t) BN M ONRER AR BRI R Co NRER A B E: Ko Ko NHERAE
TR A B SR TR s Cov Ka 43 IR BEIK I 5 M BELJE RINIFE .
22. BMRERBRENNENSDHE

LRSS HORN AR WL 1 iR, A K Ko CLEESHU T Matlab #iZki G, #2155
SR AR R ARIL I, Herb B S UE T D 0~2 A
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Figure 1. Dynamic model of magnetorheological milling system
L HERTHHIRG IR

Table 1. Identification results of magnetorheological fluid parameters
=1 HERTRSHORALE

LR f (Pa) G,(N-m) G,(N-m) n(Pa-s)
0A 7.6629 762.0 0.0165 0.7621
1A 15043 14.28 0.316 21.8075
2A 28147 29.58 0.6575 43.4968

22 &, K Koy Cov F SRR R RIE TN (D) ~@) Pros:

K, =38151%-11291 +762 (1)

K, =0.0211 +0.281 +0.02 2)

C,=0.3217+20.71 +0.76 (3)

f =-965.71° +1.6x10" | +7.663 4

Lo R SCHR[9], BER NI EE 2% 24.5~49.0 N/um, A2 HLUNIEE 22 >4 30 N/um, BHJE {5 HR 4.25 x 10°

N-s/m.

ERR A R R &R

F-f=Kx ®)

F—f =K% +C,X, (6)

KA 7 RET 45 5(7)
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Xp = (7

B, BEIRASBIR A TN x=x +x, o BV B f) 24 1 Keq=5, I 5 45 60 5 B FE A

_ K3Keq
UKy +Ky
FEk, BT RNBEE RE BN 1% 5 0 LS AR(8):
502 CoCo oy .| o K 2 _1 6x10°| —7.663
MQ(t)+[C1+C2JQ(t)+{K3+Kequ(t)+965.7l 1.6x10°1 7.663—F(t) (8)

3. &F Simulink BIEERZEHEHI R Geah7SNa B 75 B 534

MER R ESZ I AR A R A AR, IR A SO IRE SR, i,
N FEASFIMEAE « AN R LR S 450 3T REIA A B S B R R G M IR E RS B, PR IZ R
GUEEATHE T Simulink BIHRBNIE R B, AT & SHON RGIRBN I R . T RSE T

HLIK B & BRI 2 30 N/um; HLEK B 5 BIFEJE - 4.25 x 10* N-s/m; BEF A BEH R 45 258 M = 8.48
kg LI 77 B ARAE R B 209 BRI BRI 0 256 28 AR AR, A SO (19 7 BRI R 70 BN & & akk ),
BeJJKE 100 mm, #EJJEAR 12 mm, JIEWECN 2, JITIKE 32 mm, JJEAZEf 350, )] H kA
J& >4 800 mm/min, #E45 5 h 0.4 mm/r, YIHITEE A 0.15 mm, 850 96 4 0.3 mm, SRAF48EN] /1 F,. =98.7 N «

Fc :11278ai.06 1:20.88dO—l.3a(F)).90nO.18Z (9)

3.1. T Simulink IR ZEHE RGN hEHERR

Matlab H1r] Simulink #4478 017 FUSE Y el SRR e 2 1) 77 TR AR EL BRI, W2 T VP2 BRI R
Ko Simulink /2 T30 RGN R G 2 U 7 BN TR B TR, W& R%, &
@, 5 (F 50 AU E ARG A RS, Simulink #A] HHEEE B X B AL IR S RRT 5 i 45
U AT 8k B BATAAR . B MG SERR . R m S .

FIH Simulink ZEAT 05 B EZO0IE R 1) B RGECFAL 2) 78 Simulink H g4 EAR AL
WEASHOFEL: 3) PUTHEFHR I ELS R . SRQ)E L ECH B sy 77 fE0(8), T E 2
IR (2)—— B TR A eI R G0 AR Y . 1] 2 ARHET 2 J7 FE(8) 7E Simulink HH & ST (1) 4 B
AR

Simulink FE&F5 77 FREE ST BAS R, 38 H #R R o R R AR o0 7 AT e, R LR ik
FAFRS I (Integrator), 45 I3 BE AR 4 BRI T8 B AR A Al s 38 23 BEHR (Gain), AT 1 B 07 LB 1 RGL I
SFUE L HUR H BRI L e 24 & A BB (Constant); fiiZi#% s S ER (Sum); SRt (Product)
GHHT AL G 2 Frow, R 2SN DN FRAE S AR R R (Signal Builder), I B E SHUE A [FYETE |
AN [E A A B IRAS 55 B0 o4k A B (Signal Generatorl) if 3@ it ¥ B i KBEHI 11, SRS Bk A A
SCWEFCRIT R B E) T, 3% BLR A IE 3% R 0% s . MRS () IBh 12y IR 2 I, A
RIS CINRRRR S, BT IS AT B AR YO T (Gaind) f5 , BRI AT 1F B RGN s Y,
T A 158 Integratord 1 Integrator2 1 AR 73 13 21 R Ge AR BN AL o WA .y, 3¢ i d it 2 7 I v 1)
TR AR L (Scope) T 7 B4 R

DOI: 10.12677/m0s.2023.123294 3197 e RSE TR


https://doi.org/10.12677/mos.2023.123294

TR, R

1128 -

Constant3

Group 1

Signal 1

Signal 2

’ Signal 3

Signal Builder

Eﬂ

Constant

Constant1

Constants

1

s
Integrator3

Product4
. S
Product3 ‘ ’
Gain »
Constant4 » -
Product7 Sum2
fo— X
{ 1
Gain3 Integrator2
\—P 1
Subsystem
gooo
00 >l>
] Gain2
Signal
Generator1
»
> X
»
Product >
j
X » -
Product1 » »]
- >
. _ Sum1
Constant2 Sum
» =
Product5 ‘
1
| Subsystem1
> -K
| ~E
Gaint - N
Constanté N
X »
Product6 Product2 Sum3

Scope2

Figure 2. Simulation model for vibration response of magnetorheological milling system
B 2. HERTHEHI R Gtk R R

3.2. MREGBRENNENELGR O

1) FFAETIN RGERRE) 7 F AR
f£ SimulinkSignal Builder B E T Al WEE 518 0 Ay 1AL 2 ARMERBRE S, HHEA

B F G L S 3 B

HiE 3 I M s & IR AT LU IR O A IR, RS RIIE(EBOR, FIE(E R 9 x 10°%
U 1 AR, RAGRE AR B S5 1 2R G0 e v L WA £ 554 x 10°°, AN T FRL AT 1 £ PAEAEG
38.4%, MWEAHFEARBONIE: MR 2 AR, RGN RIEE 20 3.26 x 10°, AN i 1
EFFIR 63.7%, HFIEALTET, RGUMEEREZIE FEES . W RS RRIEA g m, ot

PREESIA P .
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Figure 3. Acceleration response of the system under direct current
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Figure 4. Acceleration response of the system undersinusoidal current

4. IESZRERIR T 25t Nk B i

£ SimulinkSignal Builder 1 HiEIE o 43 il NIEME 73 5108 1AL 2 ATIESZE TGS, T 0AR
(07 B4 BT LR . 193 1 R GE g L L 4] 4 BT

P15 4 B SR PR 2 BT AT 0 e IESZUCRIR R, R 1A I, ZR G A B i R PR IR A £ 4.9 x 1073,
BAN I LA B R M P 45.5%: 4 FLURIRAE Ny 2 A Y, SRGTAOIIE FE M R 290 3 x 10°7°, B A H it
I 1 7 PG 66.7%, 22 4 1A i i i HEL VAR 1 388 K BRI
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Figure 5. Acceleration response of the system undertriangular current

5. ZRIRERIR T RGN0 B

M5 AT DA T A DL N 518 AR~ SRR EN 1 AW, RGA BN
WEIEAEZ) A 4.6 x 107°, HEHUAN O I IR /S 48.9%; 4HLT N 2 A IS, 28 03 38 i 7 de KR .49
2.56 x 107°, B O W E IR 71.5%.
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Figure 6. Acceleration response of the system undersquare current
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S 1] 6 IS P T R R R, 4 R AR A 1 AR, FR G 0 v 8 B KRB 208 3.9 x 107°,
BN O IR E IR/ 56.7%; 4HLIfiA 2 AT, ZRGENE i [ e KR 208 1.91 x 107°%, BN 0
A BRI/ 78.7%.

D SE B HE 3 B AS ()38 HL IR T R AR i B S e B W R AIR ORI RLRAE L R =Y, /Y, 1EASHL,
oy, FoRANFRIC R T, REHRZNW PG Y, KR HETN 0 A B RGIRSN I MIEE . W R A
/N, RORIRIR SRR A 2

F 77 B 45 SR SO [RIOE B AR FH R B FIBRELEE R e 2. 32 3 Fiom

Table 2. Damping effect of different waveform currents at current amplitude 1 A

2. BIRIRE 1 A R ERR B RAVRIRSIR

LI PR IR Y, RfE L R
=R 5.54 x 107 61.6%
5% 49x10°° 54.4%
=Mk 46x10°° 51.1%
T 3.9x10° 43.3%

Table 3. Damping effect of different waveform currents at current amplitude 2 A

= 3. BIRIR{E 2 A R ERR BV RIRSUIR

LI R B 5L W A Y, IR R
B 3.26 x 10° 36.2%
5% 3x107° 33.3%
=Mk 2.56 x 10°° 28.4%
T % 1.91x10°° 21.2%

M 2 BRI, IR 1A, D7 BORGUN R G A A REIR AR, HlEE E Y 43.3%; =
PRI RS2 R BCR A 2, BN IR IR R i %2, IRME LY 61.6%.

MEE 3 BT, IR 2 A, DTSRI RS A IR AR, RO 21.2%, =
FPCRTAH L AN 1 A IR R A i i, B T 5 IR 520 O T IR RCRAR 2, IEAE 2y
AN 36.2%7F1 33.3%.

4, gig

1) ACEETE A AT, A 73 T U R B SR R B AR, R R AR
SHOR B AR & ZHGHAT U, BRS80S R 58 R UOFHE S5 W RETR A H B SCHE B &
GBI E oy T e

2) HT Matlab BP0 Simulink L8, @S RG RN A R, WE XS, RS RIEAN
1T« AN (R ARL P I A Al B S 3 B ) 2R 8 A0 s B2 M S8 07 B8 SR, I 45 31 0 45 SR AT i 32>
o g R AER:

a) HUA O AR, RGUINHE LM BRI, A 9x10° m/s®, BhI RGNIEERE. Wi 1 AN,
R MRAE R A A R T A, Ul B R SR B FE R G N3 K. WAL 2 A, RIRAR K
ROEFIMAN, B REGPURAE TR AR
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b) PURRAF BRI R, T LA B BRARROR 15205 =M BRI T IR R A 2,

B IR R 2% - AL LAY, T B R (K RGO LR 3.04 x 107 m/s®;s BN 2 A
i, 5 EAE T B RS IE RN 1.96 x 107" m/s®. MHSELE R LLE HBE S IR, R4
A AR e e, UL R GER NI EE e
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