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Development of Improved Semi-Active Damper Using EMRF
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/] ABSTRACT /

Magneto-Rheological Fluid (MRF) is a functional fluid in which flow characteristics change into magnetic force due to its magnetic particles.
When the semi-active control device does not use MRF for a long time, precipitation of magnetic particles and abnormal control force occur.
Thus, Electro Magneto-Rheological Fluid (EMRF), which improves the precipitation of magnetic particles for MRF and exhibits existing
control performance, was developed in this study. First, the optimal mix proportion ratio was selected by conducting a precipitation
experiment and a controlled force test by varying the content of grease based on the existing MRF components. Also, EMRF was applied
to the shear-type damper to evaluate the control performance when applied to the control device. The cylinder-type damper was developed
to apply to the structure, and control performance evaluation was conducted. The result confirmed that the precipitation of the magnetic
particles was improved, while the damper using EMRF exhibited excellent control performance.
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Fig. 1. Changes in Magnetic Particles of MRF
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Fig. 2. Inorganic Component of MRF [MRF-132DG]
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Fig. 3. Changes of Molecular Structure for MRF



Grease
Thickener

Magnetic
Micro-Particle

Non-Magnetic
Oil

(b) Molecular Structure of Mixed EMRF for After 50 days

Fig. 4. Molecular Structure of Magnetic Particle Precipitation for
EMRF

2.2 EMRF(Enhanced Magneto Rheological Fluid)
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Table 1. Specification of Grease

NLGI Grade (Consistency) 2
Worked Penetration 270
Soap Type Lithium Soap
Dropping Point 210°C
Oxidation Stability 0.10
Copper Corrosion No Corrosion
Oil Separation (100°C %) 2.1

Table 2. Mix Proportion Ratio of Each Sample

Sample MRF (wt%) Grease (wt%) Volume
A 100 0 20 ml
B 90 10 20 ml
Cc 80 20 20 ml
D 70 30 20 ml
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Process of Agitation
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Fig. 5. Production Process of Sample
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Fig. 7. Precipitation State of Samples for 105 days
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Fig. 8. Precipitation Ratio of Samples for 105 days
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Fig. 11. Shear-type Damper

Table 3. Design Specification of shear type EMRF Damper

Maximum force (nominal) 60 kg-m/s?
Max Stroke 20 mm (x 10 mm)
Gap size 1.0 mm
Coil turns 630 turns
Coil diameter @0.75 mm
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(b) EMRF (SEM x2000)

(a) MRF (SEM x2000)
Fig. 13. Comparison of SEM Results for MRF and EMRF
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Fig. 15. Cylinder-type Damper

Table 4. Design Specification of Damper

Stroke (max) 20 mm (£ 10 mm)
Maximum force (nominal) 3000 N
Coil diameter @0.37 mm
Coil turns 1750 turns
Gap 1.0 mm
o] 23191, A7 BHE $I5to] AR Rod S Flo] 1A WAts)
= 4102 AAEIIck Bk Damper®] EMRF $42] o) 24 7
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Fig. 16. Experiment Results of Damper

Table 5. Damper Control Force by Experimental Conditions

Displacement [10 mm]
0.5Hz [10 mm/s ] 1 Hz [20 mm/s]
Applied Current (A) Force (kg-nvs?)
0.0 1206.2 1201.3
0.1 1956.4 1936.8
0.2 2589.0 2608.6
0.3 2848.8 2907.7
0.4 2981.2 2976.3
DR 2.47 2.69
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(b) Bingham Model

(a) Power Model

Fig. 17. Analytical Models of MR Damper

Table 6. Model Parameters of Damper

Power Model Bingham Model
Applied C C F
Current (A) | kg - m/s¥/ n kg - m/s?/ _F ,
(mm/s) (mmfs) | KO M/
0.0 165.44 -0.13 -1.05 133.5
0.1 206.29 -0.01 -0.2 201.5
0.2 257.46 0.01 0.2 262
0.3 271.43 0.03 0.6 284.5
0.4 305.67 0 -0.05 304.5

Table 7. Analysis Results of Power Model

Power Displacement [10 mm]
Model 0.5 Hz [10 mm/s] 1 Hz [20 mm/s]
Applied Force Error rate Force Error rate
Current (A)| (kg - m/s?) (%) (kg - m/s?) (%)
0.0 1202.7 0.3 1099.0 9.3
0.1 1976.9 1.0 1963.3 1.3
0.2 2583.7 0.2 2601.6 0.3
0.3 2852.2 0.1 2912.1 0.2
0.4 2997.6 0.5 2997.6 0.7

Table 8. Analysis Results of Bingham Model

Bingham Displacement [10 mm]
Model 0.5 Hz [10 mm/s] 1 Hz [20 mm/s]
Applied Force Error rate Force Error rate
Current (A)| (kg - m/s?) (%) (kg - m/s?) (%)
0.0 1206.2 0 1103.2 8.9
0.1 1956.4 0 1936.8 0
0.2 2589.0 0 2608.6 0
0.3 2848.8 0 2907.7 0
0.4 2981.2 0 2976.3 0
Bt 0.25%5 Ko, 2 2 1.14% 5 Hou, £t YA =5 9
QUstick. whebH B Aol A0 F /1A $4 male s A
MBS I 5 515 ALE Auele] 940 UNES Belaki e B
) 55 40] 2 ol Model 91&: 37131,
5, 2 E
$ AT A = MRFE ALg 1= 2559 Dampere] 4 24J51= MRF

S AP guHALF u|A Y Al o] Z2] R QR oV Alo] B gt
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