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Permanent Magnot Couplings for
Glandless Rotary Drives

by

WG, Saunders and FeH. Dodd

SUMARY.

A short review is presented of the ocommercially available glendless
drives in which rotary motion is induced in & driven member by the rotabing

- megnetlc fields of the driving member. l

The desoriptlon is given of a commerciel glandless drive in vhich per-
menent magnets are employed to generate the rotating fields The results of
a serdes of experiments desigmed 4o determine the best practical fleld dis-
tribution are given. '

The probeble mechanism of 4he flux employmont is dlscussed.
"It is ooncluded that the commeroisl drive described does not use to the

full the permanent megnet field availsble. 4An srrengemont of the permenent .
magnets to use more offleolently the flux avelloble 1s suggesteds

(sgd.) 8.4, Tryor,
Heod, Engineering Section.

(Sdge) AeCe Poncock,
W&S/ FHD/DG Supt., Development Divisione
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DATE  25th Januaery, 1957.

Pormanent _Ma_g_nef Couplings for
Glendless Rotary Drives )

o by

WG, Saunders and F.H. Dodd
‘ i

1¢ I reoent times two forms of rotary glendleoss drive have become availlsble
commercially. These drives are usually assoociated with pumps but cen also be
adopted for driving stirrers in olosed vesselss The common feature of the
tow types is the use of a rotating magnetic field to induce rotation in the
driven member of the coupling, this member being completely isolated from the
driving member by the wall of the pump or vessels They differ fundumentally
in the method by whioch the rotating field is produced, polyphase alternating
ourrents in conjunction with a suitsbly wound statior, being used in one casey
whilst in the other a system of. permanent wegnets is ewployed, mounted on

" bearings and driven by a prime mover.

When alternating ourrents are used, the drive is in the form of a squirrel
cage motor with its airgsp increased to eneble a non-magnetic disphragm to be
inserted between the stator and rotor: The rotor with its bearings is com-
pletely separated from the stator by the disphragm, which becomes part of the
pump nasing or vessel walls Due to the necessarily large airgap, such a motor .
has.a lower efficlency then e stenderd machine and the consequent lossos appear
as heat which has to be removeds The enclosure of the rotor upssts the
normal motor ventilation system end the removal of the heat must be achleved
in other ways. VWhen such a drive is used in a pump the llquor beilng handled
is usually used aa the coolant. It is allowed to ocirculate round the rotor
and extracts the heat from the stator through the diaphragme The Sigmund ‘
Thermo Pack clrculator for centrel heating systems is a typlonl example of the
conatruction employed. -

The use of permsnent megnets ensbles a more efficient prime mover to he
used and the cooling of the coupling is. wnlikely to require specisal attention;
against these advantages must be considered the provislon of a beering systom
for the housing of the permanent magnets which may be in the form of elther a
diso or drum. The magnets arc mownted so thet their poles face t he diaphragm il
and the field so formed 1ls used to react with a rotor within the pump or .
vessel. This rotor cen be constructed so as to employ a number of dlfferent
roactions with the rotated field to induce rotation in itself; wviz eddy
ourrents, magnetic hysteresis or attraction end repulslon. For the large
airgaps necessary for the drives under consideratlon the last mentioned ‘
reection 1s the most satisfactory for the trensmlssion of large torques and
it is to ite use that attentlon is drawn.
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2s The component perts of a stirrer drive incorporating o permanent magnet
onupling are shown in Figure I. This drive was manufactured by Hydraulic end
Mechanical Developments Lid. of 116 Victoria Street, London, end the coupling
is a Howard Permenent Magnet Coupling, to Patent No. 670682, having a pull-out
torque of 10 Ib. ft. In this eoupling permanent megnets are housed in the
outer driving member end the inner driven member. The magnets are of 'horse=
shoe' form and are arranged in the two parts of the coupling tn form & series
of magnetic oircuits as shewn in Figure IT. When the coupling is lcaded, one
ring of magnehs is displeced relative to the other and the twe perts nf the
coupling rum at the gamo speed with s constant relative displacement. If the
ooupling is overlraded, the driven member comes to rest with no torque being
exerted on ite i

4
il

It 1s olaimed by the manufacturers that it is the tangential component of
the attraction forces betwsen the wnlike poles of the magnets in the two halves
of the coupling that is the source of the torque transfer. Critical exeminam
tion of Figure II suggests that this 1s not the sole contributor to the torque .
tronsfer capaclty. The figure shows that when the outer row of megnets is :
moved relative tothe inner row the wmlike poles uncover one snothey and at
the same time like poles are mede to approach one anothere From this it is
seen that for each puir of mognets L poles udntribute attractive effort and 2
poles repulsive effort. The torque cepacity can thus be said to be the com~
bined effect of attraction and repulsions Examination of the actual coupling
suggested that the magnet arrengement could be improved to utilise this com=
bined effect 1f the Push~Pull theory is tensble. In the coupling shewn in
Pigure I the width of the poles was equal to the interpolar gap forr the indi~ .

" vidual magnets which were set in the coupling so that the space between them

wes equal to their own width over the poles. To ohtain the full repulsion
effort from all poles it appears essential that the sequential poles, in each

" half coupling, should be equally spaced from each other.

3%  The validity of the 'Push-Pull! theory dependson proof that the repulsion
effect between the approaching like poles contributes a substantial component
to the torque capuclity of the couplings In order to test the theory, a series
of experiments was designed to determine the order of the contribution that
could be expected from the repulsive effort.

Tt was anticipated that the megnet proportions would have an influence on
the results end to obtain inférmation on this point the first experiments
employed three stendard commerolal megnets of different shapes, shewn in
Figure III, Magnet (a) was chosen for its square pole faces and its short
interpoler gap as compared with that of magnet (c)s  The third magret (b)
wos ohosen for,the greater length of pole face normal to the dirsction of
magnetisation with a smell interpolar gap sand nerrow polege

The rig, shewn in Figure IV, was made to cerry a palr of magnets, mo
thet they could be mounted to forman element of a couplings One megnet was
held stationary while the other, mounted on a baleanced arm on a ballrece pivot,
could be moved relative to 1t. Provision was also made for tho ar yap .
between the poles of the two megnets to be varied between 2 end 16 mu. The
magnets oould be mounted so that they ocould be displaced relative to each
other either in the plane contalning the dircction of megnetism or at right
angles to ite Flgure V indioates that the flrst direoction of relative move-
mont 1s in the plame of the peaper and will be resisted by the attraction of
two palrs of unlike poles end the repulsion of one pair of like poless The
socond direction of relative motion tokes place at right-angles to the plane
of the paper and will be reslsted by the attraction. of two pairs of wlike
poles onlys To moasure the maximum resistence to relative motion, the
belanced arm of the rig was loaded in Increments and the greatest load sup-
ported without the sym dropping was recordeds All the megnets were tested
for both modes of relative motion and over the range of ajrgeps possible with
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the rig. The results for the magnets, plotted egainst the airgap, are shewn
in Figurex VI, VII end VIII, from whioh it will be scen that the greatest
resistence o relative motion is produced when both attraction and repulsion

foroes are brought into play in all ocsses. Thess results are summarized in
Teble I where the ratin:=

Maximum Reslstence to relative motion in direction of Magnetism ‘
Meximum ResIstance tn relative motion normal o dlrectinn of NegnoTism

is given for two velues of airgep for the three magnets a, b end o.

Teble T
Megnet Ratio at Airgap
135 mme 2 mme
a 2.2 1434
) 223 2,22
1,81 134

It is seen that the repulsive effort is a considereble fector in pro-
@uoing resistence to the relative displacement in a coupling of the Howard
design, end oonsequently its ocapaocity for '« > ue tremsmission. The results.
also reveel differences in the repuleive ot produced by the magnets used
in the tests. - Mognets (a) and (o) show t...c the repulsiwe effort becomes
more importent asthe airgap inocreases and it is evlident that the shorter inter-
polar gap of magnet (a) mey have some influence in its favour at the longer
sirgap, Magnet (b) shows a consistency over the whole range of airgap dimen-
slons whioh may be attributed to the wider front of action normal to the
direction of the relative motion provided by the longer poles.

If the ratio in Teble I for megnet (b) iz considersd it is seen that the
component values for the attraction and repulsion effects ocen be deduced.
Let the attraction effort be wmity then the repulsion effort is the difference
between the ratio in the teble and unity. The tests having used the same
palr of megnets the results are not influsnced by any varietion in the flux
linkages between thems Hence for ‘F he megnet (b) pair L poles contribute 1
wmit of attractive force ond 2 ;polé‘s 142 wnits cf repulsive forces From this
it is seen that if ell the poles ixi the Howard ocoupling can be made to produce
to the full both attraction and repulsion effort the torque avalleble osn be
inoreased with the same number of magnets employede Using the velues deduced
for magnet (b) the increase in torque would be 142 units in 242 units or 54 5%

4s The foregoing arguments have been based on the evidence of & single
megnetic oircuit and do not teke into account eny intersction that may take
place between the wnilt oiroults when built into & ocoupling. An experimental
check was osrried out using the magnets to Figure III (b) in a series of diso
type couplings with oonstent alrgep and different magnet arrangements. These
mognet srrengements are shewn disgrammetioally in Figure IX (e ~(d)s  Coup~-
lings of 2% end 5 inch pitoch circle ddemeter at the megnet centres were built.
On the 5 inohk pitch circle all the et arrangements could be builty with 10
mognets in srrengements to Figwre IX (a) and (b) and 20 magnets in the other
two, these figures being for each helf coupling. In the 2% inch pitch circle
oouplings the number of magnets was 5 and 10 respectlvely., The coupling
errangement to Figure IX (b) could not be used with 5 magnets, With one

Unclassified
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helf coupling fixed the other was loaded tengentially and the meximum losd
supported without the coupling slipping was measured., The experimental figures,
which are given in Appendix I, confirm thet for both dlsmeter couplings the
magnet axrangement tn Figure IX (d) will support more than twice the meximum
load supported by magnet arrangement to Figure TX (a). The couplings are
ocompaxred by the ratic:- ‘

Maximum Load supported by 2 x magnets ‘to Figure IX (4
Meximum Loed supported by x magnets to Figure ix (a

Teble II
Pitch Circle diameter :
of Magnets in inoches Ratio
2 : 2.49
5 2469

From these ratios it is seen that the magnet srrengement to Figure IX (d)
produces 24% and 343% inorease in the effort exerted by each magnet pair in
the respeotive couplings. That this inorease is not es great as the earlier
work suggested, indicates that the width of the combined poles being greater
than the interpoler gap of the individual magnets did not allow the develop-
ment of the maximum effort. ‘ :

The load supported figures for the other couplings show that whilst the
magnet srrangements Figure IX (a) and (b) for a 5 iuch PeCeDs coupling produce
the same effort, the arrangement to Figure IX (o) would not support the load
that half the number of magnets to arrangements Figure IX (a) end (b) will
supports This fall in load cepacity can only be due to the cross linkage of
flux between the sdjacent unlike poles in each half coupling at the expense of
the linkage scross the alrgap., From this it is to be assumed thet if the magnets
in Figure IX (a) are piteched so that the gap between the adjacent magnets is
equal to the interpolar geap of the individual megnets considereble cross linkage
wlll occur to the detriment of the torque capacity of the couplinge

The sbove results show that the magnet arrangement to Figure IX (d) is
the most efficient and that improved results eould.be cxpected if magnets
having an interpolar gap of twice the width of their poles were used.

5. All the previous resul’ts have been based on couplings with a single row
of magnets. The initial experiments with individual magnets indicated that

~ a magnet with poles whose length in the direction normal to thet of relative

displacement ls greater then their width, may be the more efflcient for usc
in couplings. A comparison is therefore necessary betwecn the load capacity
of couplings employing the seme megnets in arrangement to Figure IX (d) end .
e double row srrangement to Figure IX (a). For tests of this order a drum
type ocoupling is superior to the diso type end for this reason a drum type
ooupling was used in the last series of tests. The detalls of the experi-
mental coupling ere shewn in Figure X. The construction of the ocvupling
ensbled up to 24 magnets per half coupling to be used in 1 to 3 rows of 8 or
1 to 6 rows of 4. This ensbled direct comparison to be made between the
Howard errongemsnt and the proposed arrangement using the same magnets with
8, 16 and 24 per helf coupling. To investigate the influence of the pole -
proportions two sets of 4B magnets were obtained, the first to Figure XI A
with en interpoler gap twloe the width of the poles and the other to Pigure
XTI B with the interpolar gep equal to the pole width.

Unclessified
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It will be seen from Figure X that the inner magnet drum is fixed +to the
angle supperts and the outer megnet drum is wmdunted on ballraces which are
housed on the shaft extending from the inner half of the coupling. The load
was applied by weights on a2 scale pan supported by a cord anchored to and
wrapped round the mejor dismeter of the ouber mesgnet housing. A scale fixed
to the support angle and a pointer mounted on the outer magnet housing were '
the moens of measuring the relative displacement of the two parts of the
coupling. The range. of couplings bullt for the tests are identified in the

following:=~

Couplings IA. with megnets A Figure XI assembled to Figure IX (a)
glving cowplings with from 1 to 6 rows of ) megnets per
helf coupling.

Couplings IJA. with magnets A Figure XI assemblod to Figure IX (d) giving
couplings with 1 to 3 rows of 8 megnets per helf coupling.

Couplings IB. with magnéts B Figure XI assembled to Figure IX (a)
giving ‘couplings with from 1 to 6 rows of 4 megnets per
half coupling. ’

Couplings ITB with magnets B Figure XI assembled %o Figure IX (d)
o : giving cowlings with from 1 to 3 rows of 8 magnets per
half ocoupling.

. A coupling is fully identified by a numerical suffix indicating the
nunber of rows of magnets in it; tmusa 2 row assenbly of Coupling IIA vAll be
roferred to as Coupling ITA.2.

The maximum supported load without slip was measured for all the 18
couplings with their relative engular dafléotion as the loading took place,
Figure XII shews the maximum load supported by each series of couplings
plotted sgainst the total nudber of megnets in the coupling. In Pigure XIII
the load is plotted against snguler displacement for the couplings TA.6,
ITA.3, TB.6and IIB.3. The maximum load figures for each series of couplings
will be sten from Figure XII to substantially follow a straight line law and
the mean line hes been drown for each series.: The ratiocs quoted in Tsble IIX
have been derived from the mean line for each couplings The experimental
figures are given in full in Appendix II. It is olear from Figure XII that
the series ITA and IIB couplings can support greater loads than, their series
IA and IB counterparts on the bases of the nuiber of mepnets employed. - The
grephs do not howsver show that the series ITA and IIB ocouplings have half

. the nunber of rows as their respeotive series I counterparts with the seme

nurber of magnets. The couplings omn therefore be compared on the basis of
the nunber of megnets or onh the number of rowss Table IIT shows the comw
parisons in the form of Ratlos which are derived from:-

Meximum Loed uupported by Coupling IIA. or IIB.
Maximum Load supported by Coupling IA. or IB.

the ratios being obteained on the basis of the same number of magnets in each
ooupling and: on the number of rows for each magnot. 7

Uncleseified
-5&




Unclassified

Teble IT1
Magnet A Fig. XI Magnet B Fig. XTI
No. of No. of . No. of No. of
__Rows Ratio Magnets Ratio Rows Ratio Magnets Ratio
1 3.43 )] 16 1.135 1 2,72 16 1.07
2 2.84 32 1.245 2 2.45 32 1.105
3 2,79 48 1,28 - 3 2,39l 48 114

It is seen that the series II couplings support a greater load than their
series I cownterparts both on the basis of the number of magnets and of rows.
Examining the ratins on o row basis it is seen that the ratlo decreases as the
nunber of rows inoreeses. This ocen only be due to the increase in efficlency
in the use of the availasble flux by the series I couplings as the nunber of
rows’*- increeses. At the seme time the series II couplings increasse in their
eff‘il:iency in the use of the flux as is shewn by the increase in the ratio on
the basis of the nunber of magnets employeds From the load graphs of Figurc
XII oan be deduced the limlting values of these ratios and it is found that on
the number of rows basis they arc never less than 2.66 for magnet A end 2.24
for magnet Bs Simllarly on the basis of the number of magnets the ratios will
never exceed 1.7 for magnet A and 112 for mesgnet Bs The practicel value of
the ebove results is that the serles ITA couplings are only half the length of.
their series IA counterparts and obtain en increase of not less than 13% in
the load supporting sbility of ecach megnet pair. It is of interest to note,
at this point, that the coupling ITA.1. supports 56.5% more losd per megnet
palyr than the coupling IA.1. which is greater then the 54.5 % predicted in
section 2 above. «

" "6e The results given in the previous section cen only be interpreted to-the

full if the relative displacement of t'he magnetic poles in each half coupling
to the other is known. Figure XIIT shews the load against displacement curves
for couplings IA.6, IIA,3, IB.6 and IIB.3, from these ocurves and the physical
dimensions of the magnets 1t is possible to determine the relative positions
of the two.sets of poles in the coupling for any load. It is howover the
position of maximum load support that will be studled in detadil.

The dimensions of mognet A Figure XI are such that each pole subtends an
src of 113° and the interpolar gap one of 2250, the whole magnet subtending
L5C0f arc. For magnet B Figure XI the poles subtend an erc of 15° each as
.does the interpolar gap and the whole magnet an arc of 459; Using these
mognet dimensions and the measured angular displacement at maximum load for
the four couplings the position of the poles can be deduced as below:~

Coupling TA.6 the relative dlsplacement was 11.5° which indicates that
the opposing unlike poles in the two half couplings have

Just uncovered one another thus:-

IN - ~ sl \Nl-— ~ sl ' h\?’— - 8l I Fixed.
S -~ - N} Se=N S - =N ———  Direotion of
! . Displeacement.

Coupling ITA.3 the relative displacement was 21,.0 thus indicating that
the composite poles of each half coupling were facing the
interpolar gaps of the magnets in the opposite half:-

J¥ « = 318 = = NIN = = 8IS = « N|¥ = = 8IS -~ = Nf Fixed.

~ 8)8 @« - NN »~ = SJS = = N{N = ~ 3{S = =~ NIN = _._> Direction of

. Displacement
Unclagsified
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Coupling IB.6 the relative displacement was 15° and cen be stewn thus:-

N - s In ~ sl Jn ~ s} IN - sl Fixed.
|8 - N| I - Nj {8 - nNj |$ - N} .——) Direction of
Displacement.

Coupling ITB.3 in thls couwpling the relative displacement of 23°
inaicated that the composite poles in one helf coupling
had centred themselves within 1° with the interpoiar gaps
of the magnets in the other half coupling thua:-

IN - 8|S = N|N = 8|S «N|N - S|S - N|N - 8|8 = N]| Fixede
- 8JS -~ N|N - §|S -~ N|N - §|S = N|N - 8|S =N|N = —) Direction of
. " Displacement.

Twom the ebeve it will be seen that the couplings TA.6, IIA.3 and IB.6
have in common the uncovering of unlike poles at the position of .neximum load
support, also couplings ITA.3 end IB.6 have the same relative position of like
poles. . Coupling IIB.3 has overlapping of both wnlike and like poles which
suggosts that the full atbractive effort is not being developed due to the
overlepping of the unlike poles. The overlapping of the like poles may also
mean that the full repulsive efTort lsinot being developeds From the other
couplings it can be assumed that the full attractive effort is produced Just
as the wlike poles uncover one another. That this position of unlike poles
does not occur in Coupling IIB.3 oan only be attributed to the conditions for
load support becoming unfavoureble as the like poles begin to cover one ancother.
To check on the relative pole positions for a coupling in which repulsion could
be expected to be the mejor contributar to the load support, the coupling TB.6
was modified to give the following pole conditions in the unladen condition:-

IN - sl N - sl (N - 8| IN - sl
IN - §) N - si IN - 8| IN - 8l

The cgupling on being loaded to its meximum capacity had a deflection of 28

to 20” which was indleative of a pole relationghip ofi~
v - sl IN - sl IN - 8| IN - sl Fixed.
N - 81 IN - 3 IN - sl [N ~ 8] —3 Direction of

Displacemeont.

This pole relationship is seen’to be the same as that for the wnmodified

ooupling IB.6. The load supported by the modified IB.6 was found to be 1475

grommes sgoinst the 1882 grammes for the original IB.6. The samo magnets

having been used in both couplings it is possible to assess the contribution

of the two components i.e. Attraction and Repulslon - sinece in

IB.6 (wmmodified)

g ( Attroction effort of 2 poles + Repulsion effort of 1 pole for each

magnet) = 1882 g. . ‘

and in IB.6 (modified) . :

" ( Attraotion effort of 1 pole + Repulsion effort of 2 poles for each
magnot) = 1475 g. :

From this 1t is found thet in Couplirig IB.6 the attraction effort l1s
1526 grammes and the repulsion effort 356 grammes and for the modified IB.6
the figuros ere 763 and 712 gremmos respectivelys Using these velues for the
two components of the load supporting capacity it will be seent hat 1f the
interpolar geps of the individual magnets in Coupling IIB.3 could be opened
up to twice their present dimensicns the coupling should then produce a load
gupport figure ofi=

1526 grommes of attractive sffort + 712 gromaes of repulsive effort =
2238 grommes.

-7 -
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Uaing this result it is of interest tn determine the ratios of load supported
to coupling ITB.3 on e row besis end to coupling IB.6 on the basis of the
number of magnets employed. These ratios are:-

Ratio of loads supported on the basis of the number of magnets

IIB,3 modified 2283
75, N = 1.2

Ratio of loads supported on the basis of the nunber of rows

IIB.3 modified = 2283
IB.3 Sr8L3

It is seen thet these ratios approach 'bhose ob‘bainea for the curresponding ’
IIA end TA ocouplings. They will not equal those ratios becauue the IB series
couplings ere more efficient then those of the IA series. .

= 4.71

A check experiment was made using 16 of the type B megnets. In this
experiment a IIBs1 ocoupling was assenbled and the maximum load supported
measured, this was 555 gremmes. The 16 mognets were then modified by grinding
the inner flanks of the pole pieces away until the interpolsr gap was twioce
the width of the pole pieces, the magnets wers then re-assenbled into a single
row coupling.. The meximum load supported by this coupling was 673 grammes,
thus demonstrating the superior load capacity of' a coupl:mg whose pole faces.
and interpolar geps subtend equal anglese

7+ BExeminatlon of the propox"bions of -bhe attractive and repulsive efforts
meking up the torque capacity ofthe IB.6 coupling as deduced in section 6

sbove, reveals them to be totally different from those assumed in section 3.
Expressing the proportions of the two components as-a percen‘bage of the moxie
mum_torque, coupling IB. 6 has its torque cowposed of 68.2 % attractive and
34.8% repulsivo effort, whereae the proportions assumed in seotion 3 are

29.3 % ottractive and 70.7% repulsive efforts It becomes necessary, therefore,
to reconsider the way in which the resistence to relative movement between

the two parts of a coupling is developed.

In o ocoupling in the unladen condition the poles of one part of the coup=
ling are in alignment with the unlike poles of the other and the flux linkages
can be considered ag scting in a direction substantielly normal to the pols.: .
facess On the application of a torque relative movement takes place between
the two parts of the coupling and continues until the flux linkages produce a
balancing torque. The way in which thils balencing force is produced will be
considered in the first place for two opposed wnlike poles, the ef'fects of
the flelds of adjacent poles being neglected.

The megnetic materlal employed is not in a state of magnetic saturation
and the flux linksges will endeavour to retain the shortest path aoross the
adr gap (l.es they will tend to retein a divection of action substantially
normal to the pole faces)s It cen be assumed that for & smell relative dis~
.placement of the opposing pole faces, the linkages will tend to.concentrate
in the arca of ths pole faces that remain opposed to one another. This
increase in the flux density will be accomponied by an increase in the repul=-
sion between the individual lines of linkage and it is this repulsion effort
that produces the balancing force against the load causing the relative dis-
placement. As the applied torque and therefore the relative displacement
inoreceses the flux density lnoreases in the diminishing area of the pole faces
opposed to one another, this action will continue until the flux density
reaches an optimum value, producing increasing repulsion between the individusel

lines of linkage. The optimum value of the flux density 1z dependent upon

Unclagsificd
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the characteristics of the magnet materisl and the length of the air gap
normel to the pole faces, the final flux density obtaineble decreasing as the
eir gap lengthens. In step with this flux concentration there will develop
linkuges from the exposed faces of the uncovering poles, whoss general line

of aotlon willl be at an angle to the pole froes; these will be atiractive in
action and have a ocmponent force acting in a direction parallel with the pole
faces, which resists the relative displacements As the relative movement of
the poles incrsases beyond tho point at which the maximum velue of flux oon=~
centrotion 1s achieved, increasing nuambers of linkages of the attractive type
will be formed adding thelr cowponent force to resist the movement because less
linkeges will be able to maintain their path normal to the pole faces. Never-
tholess even at the point of meximum displacement, when the poles have completely
wcovered or 5 another, the resisting' force will still have a componont derived
from the mutuel repulsion between the lines of linkage whioch will seek to oon- .
centrate across the shortest air path. Thus for two unlike poles no clear
division osn be made between the attractive and repulsive components of the
foroe resisting the relative displacement, sinoce in the initial stages of
displacement the resistance is purely repulsive and changes graduvally to a
conbination of repulsive and attractive effort as the displacement inoreases,
the attraoctive effort becoming more important as the point of meximum dis-
placement is rcached.

Conglderation must now be given to the effect of the flelds of adjacent
poles on the two poles discussed sboves Referring to the pole displacement
disgram for the ooupling ITA.3 in seotion 6, it will be seen that as a dis-
placed pole uncovers its opposing unlike pole 1t is itself approsaching a iike
pole, at the asome time it is being followed up by an unlike poles As’'the
like poles approach one amother mutual repulsive foroces will be brought inte
play ond their intensity will increase with the relative displacement. The
component of this mutuel repulsion which esots in a dirveotion parsllel with the
pole faces will assist in reslsting the relative displacement. The repulsion
‘between the like poles will also have the effect of essisting the flux linkeges
between the wmcovering unlike poles to conocntrate in the opposed faces of
those poles end at the some time the attractive linksges willl be foroed into
shorter paths thus inorsasing their contributlon to the resistence to relative
motion. -~ The effect of the spproaching like poles is, therefore to produce
both repulsive and attractive effort and no clear division cen be made between
them as assumed in sections 3 and 6. :

8. TFrom the proceeding section it is seen that the torque capacity of a .
coupling is best thought of as tho resisteance of the magnetic field to distor=-
tion. In resisting the relative displacement of one part of the coupling to
" the other the magnetic fleld has to do work, this work ocen be calculated from
the losd-displacement curve for the coupling. For tho experimentel couplings
the work done by each oan be calculated from the curves shewn in Pigure XITI.
The work done being given by:-

(Area under Curve X -6—'-113—0-5-) Centime tre-grommes.

Teble IV shews the values caloulated for the megnets A and B to Figure XI
when used in the two types of magnet arrangements.

Unclagsified
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Table IV
Maximum Viork d
Number |Volume of| Relative | Work done | per cor of
Magnet Coupling of -Mognets | digplacement | by Coupling Magne'b
Magnets | (ced) Dogrees | (ome gs) { cme Me o) ]
A Pig. XI IA.6 48 144, 1145 990 6.9
" ITA.3 48 144 2L 2656 184
B Fig. XI | 1IB.6 48 192 15 2023 10,6
" IIB«3 48 192 23 3665 19.1

¢ b - v e e ronm i e e e —— - -

It is seen from the Tseble that the magnets A do 2.68 times the work when
used ih the IIA.3 coupling than they do in the TA.6 coupling, the corresponding
figure for the magnet B being 1.81. The magnet arrangement used in the IIA
-eand IIB couplings therafore extracts more work out of the magnets than the
magnet arrangement used in the IA and IB couplings. - If th. ocoupling ITA.3. is
studied in detail it is seen that thg individuel pole faces and the interpolar
gaps subtend equal angles namely 223 spprox. The maximum foroe resisting
relative motion is developed at a displacement of 24° approx., it may be taoken
that this angle is equal to the angle subtended by the pole face for praoctical
purposes. Providing that these two values are always equel it appears
probeble that the rount of work obtained from each cubic centimetre of magnet
employed wlll be the same for ony value of the angle subtended by the pole
faces. Thus if the sume volume of magnetioc material as employed in the coup=-
ling IIA.3 is disposed so that there are 16 consequential poles whose faces
subtend an angle of 111° with interpolar gaps subtending the same engle, then
the maximum tangential force will be developed with a relative displacement

" of 1149 end the work dene by the ooupling will be the same as that done by

the II.A.3 coupling, The displacement of the new coupling is only half that
of the IIA.3 therefore the tangential foroce will approximately be doubled,
the mean diameter and air gap being maintalned constents It appeers, there=
fore, thet by adjusting the number of poles (elways sn even nurker) the
characteristics of a coupling can be varied whilst employing the same volume

. of megnotic material. The torque will increasoc as the number of poles

increases and the relative movement decreases and vice-versa, The meximum
number of poles whioh oan be employed in a coupling of fixed diameter will be
influenced by the’ Tadr gep required between the opposing megnets, in general
the greater the 'Throw required from a magnet the greater the interpolor gop
is required to be., Subject to experimental determination of the optimum
relationship between the length of air gep and interpolar gap it 1s felt that
the latter should not be less than the former.

In the design of a coupling the torque required and the permitted relative
movement between the two parts of the coupling will be kmown: +the problem is
to determine the magnet dimensions and characteristios of the material to be
employed. For megnetic follower drives for instruments, in which a bar
magnet is used with a non-magnetised magnetl material follower The General
Electric Compeny of Americo® use an approximete method for the initial deter-
mination of the size of the magnet requireds In this method the cnergy
content of the magnet material at its chosen working point on the PH curve is

e o . P e - -

¥ RJ . Parker, Permanent Magnets in Drag Devices end Torque Transmitting
-~ 4

Couplings Generol Electric Review, Vol. 50 Wo.9 September, 1943,
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equated with the work to be done by the magnet in resisting relative movement
between the two parts of the drive as celoulated from the known requirenents, ‘
the equation being solved for the volume of megnetic meterial requived. 5
Further experimental work on the type of couplings discussed in this paper ‘
should leed to the determination of a similar method of estimating the volume
zi m;gneta required and for ccnvenience the esteblishment of an equation of

e form

T = K .EmVm
©

where T Torque required at mean diameter of air gap
Em = Energy content of unit volume of magnet nm‘berial
Vm = Volume of magnet material !
P = Angle of relative displacement in Radians

K = Constant (to be experimentally determined and will Le influenced A
by alr gep length, and sxial length of coupling) .

is desirable.

9« The imposition of a diaphragm in the air gap between the magnets of the

. two parts of the ooupling will introduce an inorease in the torque demanded

. from the prime mover. This will arise from the eddy currents induced in the
diephragm by the revolving magnetic field. The losses for a coupling of the
IA or IB series are compared wlth those of a IIA or IIB series in Appendix III.
Jt is seen that the losses are substentially the same for the same megnets
employed in either series of couplings. In designing the diaphragm the walls
must be kept as thin as possible in order to keep to a minimum the effective
air gap between the magnet poles in the two half ocouplings. The materiel
chosen must be non-magnetic snd have a high olectrical resistance. Stairless
steel of the 18/8/1 clems in its fully softered condition is a suiteble material,
elternatively the fibre glass materlials with synthetlc resin bonders of the
polyester type or sillicone bonding, for higher temperatures, offer the advan~
toges of non-megnetio end nonwconduoting characteristiocs.

10. The results of this investigation show that

(a) The Howard coupling does not utilize fully the magnetio flux
availeble, '

(b) To obtain the maximum utilization of the megnetic flux the magnetio
poles in each half ecoupling must be arranged to form a sequence of
poles N - S ~ N - S with the width of the pole faces equal to the
wldth of the interpolar gaps. Further all poles must be linked
within the body of each half ocoupling by megnetic material,

(o) The findings are appllioable to both disc end drum type couplings. ’

(a) Further]exp%ﬁimental work is required to esteblish the relationship
between the nurber of poles and torque for couplings employing the
same volume’of magnetic materisl. ) :

11+ TFinelly the authors wish %o state that the boad flgures quoted in this
paper must not be teken as indicative of the true capebilities of the magneta
used, nor should ths performence of magnets A and B be compared, sincs for
exporimental expediency they were purchased in the magnetized condition and
groumd as required when assembled in the couplings. That they produced con-
sistent results in their random use in building up the series of couplings is
an indication of the stebility of modern megnetic materiels when subjeoted to
no 1ittle abuse.

(sgd.) S.H. Fryer,

ws re) Heud, Enginecring Section,

(sgd.) A.C. Peacoock,
Swpt., Development Division,
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AFPENDIX I to 2,T.P. 582

In order to oconfirm deductions regerding mignet specing and the utilisa-
tion of both the atiractive and the repulsive effects of the magnet poles, a
sories of tests were condusted using the apperatus shown in Fig. XIV.

" i

This apperatus consisted basicelly of two similer discs of 5% in. diemeter,
. one being fixed and the other being free to rotate around a plain bearing.
Rach disc wes drilled to accommodate 20 Button type magnets (Fig. III b) or
a 5 in, P.CeD, or 10 such magnets on a 2% in., P.0.D., the disocs being separated
by & spacer of such length as to maintain en air gep of 1 in. between opposing
megnet poles.

Various magnet errangements were tried as in Figs. IX a = IX d, renging
from 5 magnets on the 2% in. P.C.D. to 20 magnets on the 5 ine PaCeDs, the
meximum supported losad being found in each case by loading theé socale pean -
attached to the free disc, until the coupling slipped.

The results of these tests are tebulated below:-

_&ggs P'.G.D. Megnet spacing ' Pole disposition Max. }_oad (ge)

5 2% in. | Equelly spaced | Unlike poles adjacent (Fig, IX &) 70

10 23 " ] In contaot Ll *  adjoining (Fig. IX o) 6he5
I' 10 2t v w " Like . " " (Fige IX Q) 17445
: 10 |5 " |EBquelly spaced | Unmlike " edjacent (Fig. IX a) 262.5

10 5 o " " | Like " " (Fig. IX b) 2645

20 5 " |In contact Unlike " adjoining (Pig. IX o) 245.5

20 5 t ] " | Like " " (Fig. IX Q) 70745

i
Unclassified
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APPENDIX II to P.T.P. 582

Ag & means of comperison between the Howerd and the proposed arrangement
when epplied to a drum type coupling, =sn experimental coupling of this type
was mede as in Fig. X, in which the inner drum wes fixed, while tho outer
drum was free to rotate around it on bsll-races mounted on en extension to the
Inner drum, The design was such as to ellow verious magnet exrrangements to
be accommodeted, from 1 to 3 rows of 8 magnets or from 1 4o 6 rows nf L4 megnets
in each drum,

Meximum torque values were obtained by loeding = scale pan attached to
& cord which was wrapped around and fixed to the outer circumference of the
outor drum. A pointer attached to the outer drum registered with a fired

.8cale on the inner drum to indicate sngular displacement as the load was -

inoreased to the point where the coupling slipped.

Tosts were ocerried out on two sets of magnets, one set being to Fig. XIA,
in which the interpolar gep is twlcc the pole face width, and the other set
to Figs XIB, having en interpoler gap equal to the pole face width.

The results of the tests are given below, and are shown graphicelly in
Fig., XIT. .

. . Magnet XIA
Coupling IA Coupling ITA .
| No. of| No. of | Max. load| Displace=|| Nu. of| No. of |Msx. load ;| Displace~
| rows | magnets atg.io mgn;b_c__ .1___;_o_w_s_ | mognets w(-g.i m:gnth
1 8’ 116 11.5° 1 16 363 24°
2 16 323 11,59 2 32 " 916 24°
3 2 | 533 11,50 3 48 1456 24°
L 32 703 14,5° ‘
5 Lo 946 11,59
6 )-1»8 . 1‘“4-6 1‘?.50 .
‘Meagnet XIB
Coupling IB : Coupling IIB
No. of| No. of |Max. load | Displece~| No. of | No. of {Max. loed |Displace=-
ro7s | magnets g ment -~ rows | megnets (ge) ment
K 8 223 15° 1 16 555 23°
2 16 513 15° 2 32 1362 23°
3 2y 843 15° 3 48 2085 23°
L 32 1215 15°
5 40 - —
6 43 1882 15°
Unclassified
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From these results it is possible to compere the two magnet arranpgemonts
in two different ways for each type of megnet (1) on the basis of the number
of rows in each drum snd (2) on the bagis of the totel nwiber of magmets
employed in the ocoupling, the ratio in each case belng given by:-

by Coupling IIA or 1IB
" "Coupling IA or IB

Max, load supported
[} o 1

Using figures read from the best mean line (Figs. XII for each series, the
ratios obtained aretw=

' Magnet XIA
. On row basis On magnet basis ‘ )
No. of| Coupling | Coupling | Rat | No. of | Coupling | Coupling | Ratio
g-owg ) ouEA g O\IIEA g Ia %A_ magr_lgts_ °P§A ne OIEA g IIA}IA . i
1 116 grms. | 363 grms.| 3.13 16 320 grms. | 363 grms.| 14135
2 | 320 * | 910 ™ 2.84 32 73 910 1,245
3 525 " | 1he3 M 2,79 48 145 0 | 1463 " | 1.28
S
: N
p
’ “Magne‘b XIB
! . On row basgis On megnet basis )
!_ No. of| Coupling Coupling | Ratio No. of Coupling Coupling | Ratio
rows B | 1B IIB/IB |! magnets IB_ 1B _ | I1B/1B
1 215 grms. | 585 grms. | 2,72 -l 16 545 gruse | 585 grms, | 1,07
2 545 1335 2445 32 1210 1335 " 1.105
3 875 " |2088 " 2439 48 1880 " {2088 " | 4.11
Unqlassified
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