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( 57 ) ABSTRACT 
A magnetic brake has an outer stator surrounding an inner 
stator with a circumferential slot between the outer stator 
and the inner stator . A coil is provided in the inner stator 
adjacent to the circumferential slot . A drag plate assembly is 
attached to a rotatable shaft extending centrally through the 
inner stator . A drag ring joined to the drag plate extends into 
the circumferential slot . A liquid flow path extends through 
the a first rotary coupling , the shaft , a plurality of holes in the 
drag ring , and through a second rotary coupling , for cooling 
the brake . 
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WATER - COOLED MAGNETIC BRAKE dissipating heat becomes significant . The brake 25 cools the 
drag ring 12 through conduction of heat from the drag ring 

BACKGROUND OF THE INVENTION 12 to the impeller 14 and from there into the cooling vanes 
15 shown in FIGS . 1 and 2 . Air flowing over the drag ring 

Magnetic brakes are advantageous for braking rotation 5 12 also cools the drag ring via convection . Convection also 
and controlling the torque of rotating shafts or other rotating occurs via air flowing though vent holes 43 through inner 
components . For example , during the manufacture or pro stator 11 . External brake surfaces provide cooling via radia 
cessing of wire , foil , paper , film , or other material wound on tion . To maximize radiation heat transfer , the emissivity , i . e . , 
a spool or roller , the material may have to be brought to a the relative ability of surfaces to radiate energy , of the brake 
stop at a predetermined point , such as at end of the roll . In 10 surfaces should as high as poss surfaces should as high as possible . A black surface has a 
other applications , magnetic brakes may be used to maintain much higher emissivity than a reflective light colored sur a constant tension on the material during winding and face . Ferrous components of the brake 25 may have a black unwinding . oxide coating and aluminum components may have a black 

Friction brakes are often not well suited to these uses for anodize surface finish , to increase emissivity . Although the several reasons . Friction brakes may not brake evenly . 15 
Friction brakes also generate dust , wear out and require brake 25 has performed well , it has a limited power output . 

Turning to FIGS . 4 and 5 , an improved brake 100 has an maintenance . Magnetic brakes are contact - less and largely 
outer stator 110 surrounding an inner stator 111 with a avoid these problems , so that magnetic brakes are generally 

preferred in winding and unwinding systems . In use , mag circumferential slot 118 between the outer stator and the 
netic brakes convert kinetic energy into eddy and hysteresis 20 inner stator . A coil 113 is provided in the inner stator 111 
currents which are dissipated and generate heat in the brake . adjacent to the circumferential slot 118 . A drag plate assem 
The braking power of the brake is limited by the brake ' s bly 124 is rigidly attached to a rotatable shaft 117 which 
capability to dissipate heat . Air cooling has been success extends centrally through the inner stator 111 . A drag ring 
fully used in the past to dissipate heat in magnetic brakes . 112 is attached to the drag plate assembly 124 and extends 
However , limitations on air flow through a magnetic brake , 25 into the circumferential slot 118 . A first set of through holes 
and the relatively low specific heat of air , limit the braking 132A extend through the drag ring 112 on an outer diameter . 
power of air cooled magnetic brakes . Accordingly , improved A second set of through holes 132B extend through the drag 
designs are needed . ring 112 on an inner diameter . The through holes 132A and 

132B are parallel to the axis of the shaft 117 . The through 
BRIEF DESCRIPTION OF THE DRAWINGS 30 holes 132A and 132B may be equally spaced apart around 

the circumference of the drag ring 112 . Typically , a total of 
FIG . 1 is a plan view of a prior art magnetic brake . 20 to 200 through holes 132A and 132B may be used , with 
FIG . 2 is a side , sectional view of the magnetic brake hole diameters ranging from about 0 . 06 to 0 . 2 inches ( 1 . 5 to 

taken through plane 2 - 2 of FIG . 1 . 5 mm ) in diameter , depending on the specific design . 
FIG . 3 is an alternative section view . 35 Referring still to FIGS . 4 and 5 , a first bore 122 extends 
FIG . 4 is perspective view of an improved water cooled from a first rotary coupling 120 through the shaft and into a 

brake . first chamber 136 formed between a first plate 128 and a 
FIG . 5 is a section view of the brake shown in FIG . 4 . second plate 130 of the drag plate assembly 124 . The first 
FIG . 6 is an enlarged section view of the reversal plate end of each of the outer through holes 132A ( at the first side 

shown in FIG . 5 . 40 of the drag ring 112 closest to the drag plate assembly 124 ) 
connects into the first chamber 136 . The first end of each of 

DETAILED DESCRIPTION OF THE DRAWINGS the inner through holes 132B at the first side of the drag ring 
assembly 124 connects into a second chamber 138 also 

Turning now in detail to the drawings , FIGS . 1 - 3 show a formed between the first plate 128 and the second plate 130 
prior art brake 25 as described in U . S . Pat . No . 8 , 857 , 578 , 45 of the drag plate assembly 124 . A reversal plate 134 is 
incorporated herein by reference . The brake 25 includes an attached and sealed onto the second side of the drag ring 112 . 
inner stator 11 , an outer stator 10 and a drag ring 12 attached The reversal plate 134 has grooves or slots 135 connecting 
to a drag plate 21 . A coil 13 between the inner and outer the second ends of the inner and outer through holes 132B 
stators is connected to a current source 45 shown in FIG . 2 . and 132A , so that each pair of adjacent inner and outer 
An impeller 14 is attached to the drag plate 21 . The impeller 50 through holes and a slot 135 provides a continuous flow path 
14 may be made of a material having high thermal conduc - from the first chamber 136 to the second chamber 138 . 
tivity , such as copper or aluminum . The drag plate is As shown in FIG . 6 , the reversal plate 134 and the drag 
rotatably supported on a shaft 17 via bearings 16 . The shaft ring 112 are preferably made of the same or similar material 
is connected to a motor or other rotating member ( not to avoid relative changes in dimension between them over a 
shown that the brake 25 stops from rotating or otherwise 55 wide range of operating temperatures , and to insure similar 
controls . A drag ring 12 is attached to the drag plate 21 with magnetic properties such that the heat generated per unit 
the drag ring 12 positioned within a circumferential slot 18 volume of material is similar to that generated in the drag 
between the stators and facing the coil 13 . As shown in FIG . ring . 
3 , the inner and outer stators 11 and 10 may have scallops Since the liquid coolant in the groove 135 and the through 
22 and 18 , to concentrate the magnetic field . As the drag ring 60 holes 132A and 132B is always under pressure relative to the 
12 passes between the North 19 and South 20 poles , the ambient pressure , the interface must be sealed . This may be 
magnetic domains of the drag ring reverse . This causes a achieved via an o - ring 139 , a sealing compound such as 
drag or energy loss . PermatexTM sealant or other similar sealing methods . The 
When the brake 25 is activated , i . e . , current is applied to seal between the reversal plate 134 and the drag ring 112 

the coil 13 and the drag ring 12 is rotating , energy is 65 should be somewhat flexible . The temperatures of the rever 
dissipated as heat in the drag ring 12 . The temperature of the sal plate 134 and the drag ring 112 for various reasons will 
drag ring 12 can exceed 300° C . ( 572° F . ) . Accordingly , never be the same . Consequently due to thermal expansion 
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there will some movement between reversal plate and the a liquid flow path extending through the first rotary 
drag ring and a non - flexible seal may crack and cause the coupling , the shaft , the plurality of holes in the drag 
liquid coolant to escape . ring , and through the second rotary coupling . 

In order to obtain the least resistance to flow , as shown in 2 . The brake of claim 1 with the plurality of holes 
FIG . 6 , both the through holes 132A and 132B and the 5 including a first plurality of through holes arranged on an 
groove or slot 135 have radiused corners 140 and interior outer diameter , and a second plurality of through holes 
edges 141 . These corners and edges may be visualized by arranged on an inner diameter . 
taking a hose with the same diameter as the through holes 3 . The brake of claim 2 further including a reversal plate 132A and 132B and bending it into a “ U ” , which would attached to the drag ring , with the reversal plate having a ideally have the shape of the through holes 132 and the slot 10 plurality of slots , and with each of the slots connecting with 135 . 

The second chamber 138 is connected to a second bore one of the through holes of the first plurality of through 
holes , and also connecting with one of the through holes of 123 in the shaft 117 via radial tubes 126 . A second rotary the second plurality of through holes . coupling 121 at the second end of the shaft 117 has a flow 

port connecting into the second bore 123 . 4 . The brake of claim 3 with the reversal plate attached to 
In use , water or other liquid coolant is pumped through the drag ring by a flexible seal . 

the drag ring 112 to cool the brake 100 . Specifically , water 5 . The brake of claim 3 with the reversal plate and the 
enters into the first rotary coupling 120 , flows through the drag ring comprising the same material . 
first bore 122 and into the first chamber 136 . From the first 6 . The brake of claim 3 with the first and second plurality 
chamber 136 the water flows through the outer through holes 20 of through holes and the plurality of slots forming U - shaped 
132A , with the flow reversing direction via the slots 135 in flow paths through the drag ring . 
the reversal plate 134 , and the water then flowing through 7 . The brake of claim 6 with the through holes and slots 
the inner through holes 132B and into the second chamber having rounded corners and edges to reduce resistance to 
136 . Hence the water flows in a U - shaped path within the flow . 
drag ring 112 . From there the water flows through the radial 25 8 . The brake of claim 3 with the drag plate assembly 
tubes 126 into the second bore 123 and then out of the brake including a first plate and a second plate , with a first and a 
100 via the second rotary coupling 121 . second chamber formed between the first plate and the 

The rotary couplings 120 and 121 maintain a liquid seal second plate , and with a first end of each of the first plurality 
around the rotating shaft 117 . Pressure tight seals may be of holes connecting into the first chamber , and with the first 
formed between the components of the brake 100 via 30 end of each of the second plurality of holes connecting into 
O - rings or adhesives . To avoid corrosion and mineral depos - the second chamber . 
its , distilled water with a rust inhibitor may be used . In this 9 . The brake of claim 3 with the liquid flow path including 
case , the heated water flowing out of the brake may be a first bore connecting into the first rotary coupling and a 
routed through a heat exchanger and then recycled through second bore connecting into the second rotary coupling , 
the brake 100 . Flow rates generally range from about 1 to 50 35 with the first bore connecting into the first chamber and with 
gallons per minute ( 4 to 200 liter / minute ) . The brake may the second bore connecting into the second chamber . 
also be operated for short time intervals without water flow , 10 . The brake of claim 9 with further including at least 
using the thermal capacity of the drag ring to store the two radial tubes connecting the second chamber to the 
dissipated energy . The brake may be operated at tempera - second bore . 
tures above the boiling point of water at higher than ambient 40 11 . The brake of claim 3 with the reversal plate compris 
pressure . Consequently , the entire water flow path may be ing a first material having a first coefficient of thermal 
under pressure . expansion and the drag ring comprising a second material 

In the example shown in FIGS . 4 and 5 , the brake 100 having a second coefficient of thermal expansion , and with 
having a 100 HP ( 75 kW ) capacity is about 10 inches ( 25 the second coefficient of thermal expansion equal to 99 % to 
cm ) wide , with an outside diameter of 17 . 5 inches ( 45 cm ) . 45 101 % of the first coefficient of thermal expansion . 
Of course , higher capacity brakes may be provided , gener 12 . The brake of claim 3 with the reversal plate sealed to 
ally with larger dimensions . As used here connected relative the drag ring with O - rings . 
to the liquid flow path means fluidly connected and not 13 . The brake of claim 3 with the reversal plate sealed to 
necessarily also directly mechanically connected . the drag ring with a sealant or a gasket . 

Thus , novel apparatus and methods have been shown and 50 14 . A magnetic brake system , comprising : 
described . Various changes and substitutions may of course a liquid cooled magnetic brake , including : 
be made without departing from the spirit and scope of the an outer stator surrounding an inner stator with a 
invention . The invention , therefore , should not be limited circumferential slot between the outer stator and the 
except by the following claims and their equivalents . inner stator ; 

The invention claimed is : a coil adjacent to the circumferential slot ; 
1 . A magnetic brake comprising : a shaft extending centrally through the inner stator ; 
an outer stator surrounding an inner stator with a circum a first rotary coupling at a first end of the shaft ; 

ferential slot between the outer stator and the inner a second rotary coupling at a second end of the shaft ; 
stator ; a drag plate assembly attached to the shaft ; 

a coil adjacent to the circumferential slot ; a drag ring on the drag plate assembly , with the drag 
a shaft extending centrally through the inner stator ; ring extending into the circumferential slot , and with 
a first rotary coupling at a first end of the shaft ; the drag ring including a plurality of through holes ; 
a second rotary coupling at a second end of the shaft ; and 
a drag plate assembly attached to the shaft ; a liquid supply ; 
a drag ring on the drag plate assembly , with the drag ring 65 a pump connected to a supply port of the liquid supply ; 

extending into the circumferential slot , and with the an inflow line connecting the pump to the first rotary 
drag ring including a plurality of through holes ; and coupling ; and 
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an outflow line connecting the second rotary coupling 
to a return port of the liquid supply . 

* * * * * 


