it keeps the stack it is attached 1w from
locking to the stack immediately below
it. In that way, stacks can be produced
sequentially and continuously, keeping
the choke station constantly flled with
parls, essential to generating the consis-
tent back-pressure needed to interlock
parts together,

The Varilok process can produce
extremely accurate part geometries. The
peripheries of each lumination are die-
cut, s close tolerances and  high
repeatability are a given. All part dimen-
sions that run perpendicular to the pass
line of the tool (for example the part’s
overall height) are, to some extent,
dependent on the stack-up of stock
thickness. Coil stock on the thin side of
its range produces shorter stacks, while
thick stock produces taller stacks, This

fact does not mean that nothing can be
done to mitigate the accumulation, plus
or minus, of stock thickness variance.

Sophisticated  dic  controllers  have
basic features to match the complesily
af the tool to be run, and handle impor-
tant matters such as part recipes, die
protection, diagnostics, die 1O Tor all
actuable die features, servo motor oper-
ations, production scheduling, and even
stock measurement. Therelore, in many
instances part stack-height adjustments
[add a lam, leave our a lam) can be
made thal improve the dimensional
accuracy of the finished product. This
can be done with a stock measuring sys-
tem in place, or simply by adjusting the
lamination counls,

It should also be noted that while
both Autolol and Varilok technologics

were indtially employved in tools for the
production of electromagnetic compo-
nents, laminated structures produced
with these methods can be used for
purely mechanical reasons, in substitu-
tion for machined or cast parts, The
die-cut edges are extremely accurate
and repetitive, and even the Teatures
whose depth or height is determined by
lamination  stack-up  dimensions  are
cenerally as accurate as can be attained
by other more common manufacluring
methods. Toun Mesensehwauider
T Mewensclwander 15 vice president,
technology, at LH Dudustries Corp., P
Wiayne, Ind.

If vou have read this article, enter 156.
For maore information, enter 157,

Neo Magnets

High-energy magnets
improve DC motors and add

value to appliances.
hile most corded appliances
are driven by induction and
universal motors, cordless
battery-powered  appliances  typically
employ permanent magnet DC motors
as primary movers. Until recently, DC
motors for cordless appliances have
continued to use conventional sinlered
ceramic  ferrile magnets,
This article describes how neodymium-
rron-haron (“Meo”) can be used in
place of ferrite magnets to improve the
performance of a DO motor, while sim-
plifying its manufacture,
[n comparison to ferrite, Neo mag-

permanent

nets have a significantly higher energy

product which, when properly incorpao-
raled in a motor's design, can provide
the motor with an increased power oul-
put, an improved efficiency, or some
combination of the two, Higher power
density allows for increased torque and
output power in the same motor pack-
age size, or it enables a smaller, lighter
motor with the same performance as a
larger ferrite motor. Higher muotor offi-
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cieney reduces the electrical [

current draw from the battery

of the appliance, thereby

extending battery life. The

boost in motor performance
provided by Neo magnets will |
improve the functionality and
value of the appliance,

Recenl  improvements  in

Mk densiy B (Jauss)

the magnetic,  mechanical,
and thermal properties of | s
neodymium-iron-boron

{"Meo™) magnetic materials, together
with the evolution of low cost, hizh vol-
ume manufacturing  processes,  have
made the replacement of traditional fer-
rite permanent magnets attractive in
appliance applications. While the devel
opment of Neo magnets has had a sig-
nificant technical and ecomomic impact
on the traditional electric motor indus-
try, these advancements have been slow
te gain acceptance from the appliance
sector, The reason for this has been the
higher cost of Neo compared to ferrite,
while ignoring the added value that Neo
provide 1o most  applications,
Continual price reductions in both Neo
magnets and the powders lrom which
they are made arve finally enabling the
replacenment of ferrites in many batlery-
powered appliances. The cost difference

e

wagnetizing Borce H {Dersied) |

Fig. 1. Demagnetization curves of maolor
magnets at 25°C.

tiem is narrowing, the value of which
will be evident in improvements 1o
motor production and performance,

Bonded Neo properties

The measure of a permanent mag-
net’s performance is demonstrated by
its desnagnetization characieristic, a fow
af which are shown in Fig 1. Ceramic
[errite magnets have the lowest mag-
netic propertics,  compared to injec-
tion-molded and compression-maolded
bonded Neo magnets. The higher the
remanence (Bl of a magnet, the better
it can be utilized Lo increase the power
density and efficiency of a DO motor,
The product of a magnet’s operaling

between a Neo and ferrite magnet solu- | [Tz density (B} and its magnetizing
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MOTOR DESIGN & MANUFACTURING

Fig. 2. Disassembled 24V cordless power
lool mator and a magnefic flux confeur plol
of the motor crosssection.

force (HY is o divect measure of its ener-
oy density, the maximum of which
(BH gy 15 a characteristic encrgy prod-
vict which is commonly used as a figure
of merit for a permanent
material,

Bonded Neo magnets are fabricared
by mixing Neo powder with an cpoxy
and compression molded, or mixed
with plastic binder and injection mold-

magnet

ing the magnet to shape, Approximately

80 percent magnet-to-epoxy  volume
loading can be achieved in compres-
sion-molded bonded Neo, while 60 per-
cent volume loading is typical for injec-
tion-molded Meo, Thus, compression
maolding yields higher magnetic proper-
Lies, but injection maolding allows for a
wider variety ol shapes and more ¢[li-
clent manufacturing techniques,

Many appliance motors are designed
to run relatively hot, and the maximum
magnet  lemperature  during maotor
operation will determine both the type
of Meo powder and the binder to be
employed in the bonded magnet. There
is a tradeo!T between the B, of the Neo
powder and its maximum operating
temperature. Other ingredients can be
added 1o the Nd-Fe-B blend to improve
its high-temperalure stability, and there
is a wide variety of Neo powders avail-
able to meet a broad range ol magnetic,
thermal and  environmental  require-
ments. The Nylon binder employed in
injection-maolded bonded Meo magnets

is good up to approximately 150°C, so
higher-temperature  injection-moelded
magnels should  utilize PPS binder,
which is good up to 180°C. The ther-
maselling  epoxy resin employed in
compression-molded Neo magnets can
survive  lemperatures  in of
20070,

CHCCSs

Optimizing performance

A typical appliance THC permanent
magnet motor is shown disassembled in
Fig. 2. This particular motor s
employed ina 24V cordless power tool.
Also shown in this figure is the magnet-
i Nux density distribution, as caleulat-
ed by linite clement analysis (FEA), in
the cross-section of the motor while
running at full current load. The spokes
of the rotor are made from laminations
| of silicon steel, and the coil is wound
| around the eeth in the armature slots,
| The current in the 5-slot armature is

mechanically commutated via brushes.
| The 2-pule motor stator is comprised of

A.O.SMITH
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Magnet Type Stack Length Magnet Type Motor OD
Ceramic Fermite 48.0 mm Ceramic Ferrite 48.0 mm
Injection-Molded Neo 36.9 mm Injection-Molded Neo 43.0 mm
Compression-Molded Neo 33.8 mm Compression-Molded Neo 41.5 mm

Table 1. Power foal motar length reduction with bonded Mec.

a steel housing into which two sintered
ceramic ferrite magnet arcs are either
glued or clipped in place.

I one direetly replaces a ferrite mag-
net with MNeo, there is the risk that
areater Hlux from the Neo material can
drive the housing and armature lamina-
tions into saturation, increasing iron
losses and limiting the potential gain in
cfficiency. The red regions of the FEA
NMux density distribution shown in Fig, 2
do indeed indicate arcas of magnetic
saturation in the steel laminations and
outer housing, even with the ferrite
magnets. [n this specific case, the direct
substitution of higher-energy Neo for
the ferrite magnets will drive the motor
further into saturation and will not
vield the expected benefits in motor
performance. To  alleviate saturation
when converting Lo the use of bonded
MNeo magnets, the magnel should be
made thinner in the radial direction 1o
allowe for a thicker outer steel housing.
Also, the spokes of the armature teeth
should be widened Lo accommodate the
extra flux, and the slots may need to be
reshaped to allow sufficient space for
the winding,

The 2-palef5-slot power tool motor
of Fig 2 was redesigned accordingly
with  both  compression-molded  and
injection-molded  Meo magnets. The
increased power density of banded Neo
wars employed to create a smaller, lighter
mator with the same output power as a
larger ferrite motor, The baseline lerrite

Fig. 3. 12V blower motor

28 7 Appliance Manufacturer

molor 5 48 mm in outer diameter with
a 48 mm armature stack length, Table 1
shows the reduction in stack length—
with a  corresponding  reduction  in
maotor axial length and weight—afford-
ed by the use of Neo magnets. Table 2
shows the reduction in motor diameter
thatl bonded MNeo can provide. Note that
tor all of the Neo redesigns, the magnel
rachial thickness (1.,,) was reduced and
spolke
increased o optimally utlize the higher
energy product of honded Neo,

A cordless leatblower-vacuum  was
chosen as another demanding applica-
tion worthy of a molor oplimization
exercise with bonded Meo magnets. The
bliwver motor for this home and garden
appliance, shown in Fig. 3, is a d-pole,
lio-slot [3C brush machine using sin-
tered ceramic ferrite arc segments. The
1.3 kg motor has a 100 mm outer diam-
eler and a 60 mum axial length. Such a
device must operate at 100 percent duty
cycle for a prolonged perind: the pre-
sent ferrite motor allows for only 12
min. between charges with a 12V X 3.8
Amp-hr rechargeable nickel-cadmium
battery. The goal was to achieve 15 min.
between batlery charges by increasing
the efficiency of the motor with bonded
Meo magnets.

The blower motor was redesigned
with injection-molded and  compres-
sion-molded Meo, and Fig, 4 shows the

the lamination width  was

[ Compasant EWCD (Gavas)

00 050 0

Tabkle 2. Power tocl mator diometer reduction with bended Meo.

FEA flux distributions for both Neo
designs at a motor current of 10
Amperes. Comparison of the injection-
molded ve the compression-maolded
Meo molor designs ol Frgo 4 clearly
shows the adjustments to magnet and
housing  thickness, lamination  spoke
width, and the rotor hub required o
accommaodate the added flux of the
higher-energy magnets.

When similarly-sized
modors, a metor constond Ky, s often
used as a figore of merit, and a higher
Ky generally translates to higher mator
efficiency. K, is equal to K /fsqriilty,
where Ky 15 the molor's torgue consiant
{Mewton-metersfampl and Rois s
armature winding resistance {ohms).

comparing

The increased air gap magnetic {lux
density provided by bonded Meo yields
a higher K, which in turn can be uti-
lized either to increase K, while retain-
ing an identical winding, or 1o retain K,
while reducing B, or to both increase |,
and reduce B by lesser amounts. The
latter approach was chosen in order 1o
reproduce as closely as possible the
original ferrite motor’s torque versus
spreed characteristic, This was accom-
plished by rewinding the armature with
fewer turns of thicker wire. The higher
energy available from bonded Neo mag-
nets improves the efficiency of the
Blower motor, allowing for a reduction
in armature current for any given oul-

Fig. 4.
Magnetic Hux
contour plots of
injection-mold-
ed (lefi] and
COMpression-
molded [right]
Meo redesigns
af the blower
rmictar,
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Fig. 5. 12V blower malor performance curves: eHi-;;ienc:,r ws. torgue (solid curves) and current
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put torque. The comparative elliciency
v, Lorgue and current vs. forque curves
are shown in Fig. 5.

Table 3 summarizes the results of the

cordless leafblower study. The higher
magnet properties of the bwo sclected
bonded Neo materials in comparison
to ceramic ferrite enabled an increase

TURING

MOTOR DESIGN & MANUFAC

i wofor constat Ko AL the motor’s
normal continuous operating torque of
(L6 Mm, there is a 2.0 amp {10 percent)
reduction in current draw by replacing
ferrite with imjection-maolded MNeo, and
adlamp (21 percent} drop in current

| by using compression-molded Neo,

The battery life of the cordless leaf-
blower-vacuum  is inversely propor-
tional to the current drawn from the
motor  at ils operaling  torgque.
Therefore, the leatblower incorporat-
ing compression-molded Neo magnets
will last over 20 percent longer between
battery charges than a device with a

| ferrite-magnet maotor, therely mecting

the design goal of 15 min. between bat-
tery charges,

Simplified manufacturing

The ceramic lerrite magnets shown in
the stators of the DC motors of Fig. 2
and Fig. 3 are attached to the steel
motor housing using either glue or
clips. Such attachment methods com-

Since 1975 Ulka S.r.l. have been manufacturing vibration pumps
and micropumps which can be applied to espresso

coffee machines, small household appliances

vacuum cleaners, air conditioners, steam generators,

condensate drainage systems, and so on.

The production and the inspection procedures

are carried out by computer-based equipments

which guarantee and certify

the product quality.

Ulka S.r.l. is 1ISO 9001 certified
and all the pumps and micropumps
are double-insulated and

CE, c-UL, VDE approved.

ULKA s.r.l.

Sede Amministrativa Dirszione e Stabilimento:

Via Dell'Artigianato, 6 - 27050 Retorbido (PV) - Italy
Tel, +39.0383.374405 ra. - Fax +39.0383.74149
E-mail: toulka@tin.it - www.ulka.it
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+ Sanitary Pumping. The food
grade elastomeric tube is the only
wetted part making the design
inherenty sanitary

* The ergonomic Speedy Load
pumphead gives error-free tube
loading in seconds

* The positive displacement purnp
pravides dosing with an accuracy
of 20.5 %

* Flows from 0.03 to 620 az/min

= Self-priming, sealless, dry running,
reverszible. Acts as a closed valve
when stopped

= Custom designed to meet your
requUIrements

o
1-800-282-8823
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MARLOW

Watson-Marlow Bredel Pumps
37 Upton Technology Park
Wilmington, MA 01887
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MOTOR DESIGN & MANUFACTURING

Injection- |Compression
Parameter Unit Ferrite | Molded Neo | Molded Neo
Remanence - Br Gauss 4200 5200 B350
Intrinsic Coercivity - Hei|  Oearsted 40040 500 0500
Energy Product - (BH)max| MGOe 40 5.4 10.4
Torque Constant (Kt)]  N-m/A 0.0357 0.0397 0,0444
Winding Resistance (R} Ohrms 0177 0143 0113
Motor Constant (Kmj}| M-m/WA5 | 0.085 0.105 0,132
Maximum Motor Efficiency % B6.7 7.3 762
Current draw @ 0.6 N-m| Amperes 168.0 17.0 16.0
Battery life (3.8 Amp-hours}| minutes 12.0 13.4 15.2
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Table 3. Summary cf bendad Meo motor per{nrrr;un{:ez improvements feor 12V leafblower.

promise the reliability and the stroctur-
al integrity of the motor, and both
methods add rime and cost to the motor
manufacturing  process. The use ol
bonded Meo magnets, when properly
implemented, can alleviate these relia-
Bility and cost issues.

While both injection and compres-
sion molded magnets can be provided
as individual arcs like ceramic ferrite,
the preferred solution is 10 make the
magnets as complete rings lor direct
mounting within the motor housing. A
compression-molded  ring  can be
inserted into the motor housing and
locked in place with tabs, While com-
pression molding vields higher magnet-
ic properties, injection molding allows
for a wider variety ol shapes and more
efficient manulacturing technigues,

Ceramic ferrites are fabricated via
pressing and sintering, yielding brittle
magnets that must be ground with dia-
mond wheels to achieve the tight toler-
ances required for motors. [no most
applications, honded Neo magnels can
be emploved “as-pressed” with minimal
secondary operations required,

Conclusion

There are many ways in which bond-

ed MNeo magnets can improve motors
and add value to the appliances in which
they are employed. A Meo-magnet DO
maotor will have an increased energy
density, which can provide a combina-
tion of a higher output power and
torgue, o higher elliciency, a reduced
current draw from the battery, and a
reduction in size. Minor redesizn of the
magnetic circuit of the motor is typical-
Iy all that 1s required to reap the benefits
of the higher energy product of bonded
Meo in comparison to ferrite magnets.

Bonded Meo magnets also simplify
the manulicture of DE motors, A single
compression-molded  Neo  ring  can
replace multiple ferrite arcs. Clearly,
bonded magnets allow for greater Dexi-
Bility in production and assembly of the
motor. As the price differential between
a Meo and ferrite motor solution nar-
rows, bonded Neo magnets will contin-
ue o penctrate more deeply into the
appliance motor market.

— Anthony C. Morcos

Anthony C. Morcos 1s sendor scientist af
the Magrequench Technalogy Center in
Research Tricngle Park, N.C.

It you have read this article, enter 158.
For more information, enter 159,

Winning with Winding

Automation speeds
production without
sacrificing flexibility.
ver the past 10 vears, there has
been a [rantic rush by compa-
nies to move manutacturing
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facilities to regions with lower labor
and material costs. While these mowves
often provide a significant improve-
ment in sharcholder value, they are
accompanied with a number ol costs
that are often not accounted for. These
include: increased scrap rate, increased
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