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The paper is concerned with analysis, design considerations, construction and experimen­
tal testing of a magnetorheological rotary brake (MR brake). Operation principle and basie 
relationships for the brake are discussed. Magnetic field distribution in the brake is numeri­
cally studied using the finite element method (FEM). Structure and materials used in the main 
components of the brake are described. The brake performance is evaluated via measurement 
of torque responses. 
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1. lNTR0DUCTI0N

MR rotary devices are controllable devices operating in the direct-shear mode 
of MR fluid. This mode can be used to construct brakes, clutches and the like 
for providing variable torques. Such devices are formed by enclosing MR fluid 
between the driver and the driven plates (which are in relative rotational mo­
tion) and exciting it magnetically, thereby enabling a torque transmission in the 
applied rotary motion. The initial discovery of MR devices is credited to Ja­
cob Rabinow from the US National Bureau of Standards and refers to his two 
works concerning the magnetic fluid clutch dated to the late of 1940s (RABINOW 
[12, 13]). 

The controllable MR brake was patented in 1998 (US Patent 5,842,547, [21]). 
Main benefits of the brake are: simple construction, precise and instantaneous 
control, easy integration, low voltage and current requirements, high torque at 
low speed and quiet operation. For this reason the MR brakes are well suited for 
a variety of applications, two of which are briefly presented below. 

For the first time the application of MR brakes for providing controllable 
forces in exercise machines and in portable devices for rehabilitation of injured 
limbs was announced by CARLS0N [3, 4]. The MR brakes were employed in 
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these devices as semi-active control elements in cycling and stair-climber types 
of aerobic exercise machines in conjunction with velocity feedback, wherein the 
torque is controlled in real time such that the user is forced to maintain a desired 
target profile. An interesting concept of MR brake application for pneumatic 
motion control was presented by JOLLY [7]. The Jolly's concept involved placing 
the MR brake functionally in parallel with pneumatic actuator and that allowed 
us, through feedback from a position sensor, to achieve accurate and robust 
motion control. The above applications were based on the MR brake engineered 
by the research group at Lord Corporation and co-operators. Currently, this 
company offers the MR brake of MRB-2028 series, being the successor of model 
MRB-2107-3 (Lord Corporation [20]). 

A typical MR brake construction is of a single-disc type in which the rotary 
plate is rotated while the two casings are fixed. Such construction was also as­
sumed for the MR brake described in this study. The brake was developed for 
research purposes basing on the patent specification (US Patent 5,842,547, [21]), 
the available literature (LAMPE et al. [8], LEE et al. [9], Lr and Du [10], HUANG 
et al. [6]) and results of the previous authors research program (SAPIŃSKI and 
BYDOŃ [14], SAPIŃSKI et al. [15]). The main objective of the study was: to 
explain working principle and basie relationships for the MR brake, to present 
design considerations and structure of the brake, to characterize materials used 
for its fabrication, to discuss magnetic field distribution in the brake and to 
evaluate experimentally its performance. 

Note that some other works have been carried out using electrorheological 
(ER) controllable rotary devices (SEED et al. [16], STEVENS et al. [17], CARLSON 
and DUCLOS [2], BULLOUGH [1], PAPADOPOULOS [11], WHITTLE et al. [18]). The 
results concerning the comparison of field-controlled characteristics between MR 
and ER clutches are provided in (CHOI et al. [5]). 

2. 2. 0PERATION PRINCIPLE AND BASIC RELATIONSHIPS

MR brake operates in the direct-shear mode (simply called shear or clutch 
mode). The MR fluid is sheared by housing surface and rotor surface (see Fig. 1). 
The MR brake enables continuous control of the torque using external mag­
netic field. The structure of MR brake is provided in Fig. 2. It enables the 
gap 6, between housing 7 and rotor 3, to be within the magnetic field 2 pro­
duced by coil 1. Rotor is fixed to the shaft 5 which is placed in bearings 
4 and can rotate in relation to housing. Wires 9 allow to supply current to 
the coil. When the magnetic field is applied to the MR fluid 8 inside the MR 
brake, the characteristics of the fluid increase with practically infinite 
precision. 






























