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Applications 1ike sSpace oower SYSstems sompuiar Setierical

controllea maching  tocls, shori roke ineas mgniom,

VG

shuttles in text il machineries ANA artificisd rencr ; o
medical eng inesring FEJUIre  motors  witp ACCUNRIE o810 31 g/ vanie
procating 1iiear motion. Permanenr magnet L0Ow otae suoh une o

which extensive: researct) is being carried out.

This project deals with the design and duvelopmenns  nof
permanent magnet LOM. A 32 Votts, 7 H? 1.6 Ans aotor . AR I0TIRC
to produce a force of 45 newtons and the design orocedure e

reported in detail. The motor is fabricatec a-g e

results are alsc presentaed  in this report,

Due to nonavailability of PMmg readily. ths Capoilty 1 b

fabricated is Jlimited to a low value. The cavacily can e giorsgsec

by getting higher power magnets.
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CHAPTER |1

LINEAR OSCILLATORY MO'T(R

1.i  Introduction

Miny  linear motion devices in  industry require = jimited
movemern: in which the moving member oscillates. Such metior is olten
gnvernes! by 3 prescribed distance-rime relationshin. Such appiiwations
range from short-stroke linear motion vibrators, such as dynawic cone-
tvpe lond speakers to stirling-engine driven | inear-motion reciproacating
alternatcces wompressors, and textile machinerizs. The frequency oi

oscillations cculd be as high as if KHz., The length of sirgkes qmavy

20 upto 2 m., The maximum speed is in the range of 5 to i0 m/ser

Anpiications requiring strokes ionger than a few centimaeters
within this low speed range shculd be approached a3 csropnlems
pertaining tc drives having a jorward acceleration—costin{g«brakin,gf
profile, Howvever applications with strokes of less tnan - o will
permit  onuy accelerating and speed reversai periods aurmg  the
cscillatory motion. A fast speed reversal with winimum MeIsy  10Ss
in such devioas is imperative. Sucr linear motion reciprocating =ieciric
NIDLOrs  require  special considerations in terms of motor fopology,

dynamics, anc control,



1.2 Merits and Demeritg

1.0, Merits:

a. Hizl flux densities in the airgap oy asing  Ferriie o syt

2arth magnets,

s} Efticient use of the priuary vojj. 9y makinz - matular

structure.,
o simple and rugged construction,
1.2.2  Demerits:

a. high cost of Ferrite/Rare zarth magnots .

D, Difficulties in making a laminated primarcy.

1.3 Tyues of LOMs:
The two types of LOwms are

i. Peranent Magnet Linear Uscillatory Motor

ii. 3clmoid Linear Oscillatory Wotor

1.2.% Farmanent Magnet Linear Jscillatory siotor

PYLOM  with one stator slot ang parmansnt  magnet placed o e
plinger s siown in the fig 1.1, Mcre slots anag Pm poles of atternate
polarities may be added to obnt:in g highe:  tarust., with the woile
“onnectesi in series, When the plunger moves  back and  Jforth, the
arimary  coils experience a flux feversal ane. hence an Ao snltags

induzed in the coils,

O
“ L3



1.3.2  Solenoid Linear Uscillatury dotor

The  SBolenoid  Linear Oscillatory Motor is as shown i oo Fig
t.4. The soleroid LOM s a4 magnetic device rhai operates 12 poor
by virtue of rhe attraction force batween two S0ft wron surtaces aod
two  maguetized, cores. A periodic switching of the rweo cores  will
result dn an oscillation lor wvibration} of ihe aoving armature. Suck

& device ray e used G drive a CoOmpressor.

.4  SCOPE OF THE PROJECT

Thesre 1LOMs  fing wide range of applications in ever. iinear
oscillation problems, Among these typas,  permanent fmazne:  iigear
cscillatery  motor is preferred because it can be Operated witn 5ot
avtracticn ang repulsion forces. Tre present praject work «degis Vith
the design anc development of ona such PMLOGM, Alse the contrel  gnit

cequiremsnt for this PMLOM s dealt with in ihis report.
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CHAPTER - 2

PIRMANENT MAGNET LIMEAF OSCILLATORY MOTOR

1. iIntroduction:

PMLUM is g device which directly uses ihe forces of ariraction
and  repulsion between ;5 nagnet and an electr()magnet. It can easily
be  powsred and controlled. It has g high fcree density . Nigner
efficiency ang Smaller size ang weight compared to most f the
existing smai} motors, It can satisfy the performance requirements
with g varianle stroke volume, There are little vibration ang

nnise.
2. Censirugtion of EMLOM:

Several topological variations of the eluctromagnetic structures
are feasihbije, To illustrate the cperatimm of the motor in the
oscillating mocle we have chosen a4 cylindriog) structure with twe
stators, each having two slot-embeded colls, and 4 mover  yitr
bermanerit magnets. PMLOM essentially cungists of  twg major
Sompaner s Mover and Stator ae SHOWN  In  the fig. 2.1 Digtor

and Movsr are made up of magnetic materiglg 045 steel.

Hete on the stator face two Bro0oves arc. made and coil | 350

coil 2 I0WwDination called coiil g 3 placed on  the stator i and ~pj.

(o8]

i coi. 4 ctombination calieq coil II is pliced o the Stator 7,

On the inover's both faces Erooves are made 4and  permanent magnets

are placed in it. The positioning of the coils and the Dermansn

o G



magnets :ire sich that the pole faces of slectiomagnet ana oermanent

nagnets are aiign on each other axiall. .

2.3. Principle of Operation:

Trw:  orincipal of operation of a PMLOM 15 as shown ir e

fig., 2.7, e proposed PMLOM e controlled magnet gysienr  and
& e waridable axial airgap. For the relotive polarities .o e

currents jn  the various coils verified ihii  there Wil pe g
aftractian  force between coil | a PYs and r#pulsion force berwee
coll 1 % pMgs, Thus the mover will tend 1o move to the et
Al the @nd of the Sstroke, the pulsrities ot  the currents i ooid
I and coaii 17 4pe simultaneously raversed, This  reversal changes
the direction of the forces. A repulsion force now exists between
cei) 1 and  PMs and an attraction force between coil ] and  Puig,
Lmnsequeintiv, the mover tends 0 move to the right, Al che  eno
5 the s5troke the polarities of ihe currents in the coils - 4

are  reversed again and 8C wn. FPsnce susiained sscillations  are

antained .,
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CHAPYTER - 3

MAGNETIC CIRCUIT

gy g T T
T e

[}
s

Permanent Magnet sSystem require:nent:

A ‘}’erzmment Magnet g 5 Ferromagnetic o Ferrimagneric
naterial that can sustain a higr:  iaherent nagnetization ar Nor sa
ambient tempsratures and act as g pessive source of MMF ang Fitrs
The bagic broperties of pum material are Romanence (Bﬁ b Higner

ki

C)oer'civii';y (HP ),  Recoil permeabil ity, aging Claracteristize, SUrie
vdint,  nechaaical working, cost ang availabiliiy. The operating
2oint  should approach (BH) max, Tne our e temperaturc e fhat
2t which  innerent Mmagnetization rfajjsg. e nechanical Properties
@€ hardness, stress limits, elastic modylyg Akl magnetiic Staniliiy
4% 4 funciion of time and stressing, Hlectricity , high resisrivity
riaduces eddy current losses under Changing 1054 conditions ang  a
high r‘et'am:iv:iw stabilizes the bermanent mauner over its orking
i:fe. FPigher Coercivity gives greater reserve against saree
reluctancs, Farrifes and Rare-earth ‘nagnets orovide high ceercivis,
and  maks p2ssible Inagnets of large area and very short engin

sentrasting wich metallic permanent magnets,

3.2, I_)gggggn__e:_g.:gzation characteristics of__Per‘manent Jagnet:

Tty B8H :urve (or) ystoresis tiop of the MagNeT is the cegy;

0f domain chianges  withj the magnetic material: 108 macner g

Olerated i th2 second quadrant of the HH Ve This aurve

Dl Qw



Known &z demagnetization Characteristic of ths nagnet showri i jig,
3.1. "I‘h.e demagnetizatjon curve cf g magnet is wmssential LG determine
the Gperating rlux density in the airgap, Usually the demagnetization
curve is supplied by the Mmagnet manufacturer . The importar; points
o the demagnetization curve are remanenics, woercivity ang i BHIimax

poing,

3.2.1. Effect ©f varying airgap on thee PM system:

The PM must develop the minf to bvercome the mmf required
for the reluctance drop of the airgap and thia wmf required {or ihe
other pcrtions of the circuit. The onerating point for a finire aireap
D& at s me peint ‘At gp the demagmetizﬂticm surve, If the airgap
is incre.:-:se::'l, then the mmf required for the airgap also Mclreaseas
which m:kes the magnet in develop - larger mmt. This implies that
tha flux density of the Mmagnet falls t{,om point ‘'av g point @ along
the majo; loop, 18 again the airgap s restored to itg originai value
the operating point will not return to the wriginal value A, but o
a new piiny along the line BC, which is known as Recni] line,
Rzcoil line ig #lmost parallel to the tangentfal iine at the poinr ur i

the dema«fmetizfal.ion curve,

3.2.2, Efrect of externa] demagnetization foggfgm_ﬁg[g_mfig System:

A part of the winding ampere turns jgq 1sed  to demagnetize
the main mmf, This demagnetizing mmt  causes  the operating ¢y
density tn tali along the recoil line jrom point cr The Operating
point without any demagnetizing force, the Operating point falls down

from poirnt o to a lower value ‘'p, In the normaj operation . e

@] lam



operating point will vVary opetween ‘(' and D

“ . FHRE(TE MATERIALS § THEIR PROPERTIES
.31, Percites:

The bhasic ingredients used i the marnufacture of PMmi Sitrox

T3agnets are Ferric oxide (E‘e,? C‘v3 J. Barium Carbonate {BaCo, i or

3

2

strontius Carbonate (Sr‘CoR), The purest Rrades of raw materia) are
USed  and jests are conducted on every In-comin: iot tg ensure their
gualivy. The: raw materials are thraughly  blinded in intensive wixer
and are formed into peliets in & pelletiser, The peliets are rnen
Calcined gt high temperature jn 4 gas-fired rotary iurnace
Suuseque:nt]iy, the pellets are  puiverized  andg wet milled ¢ the

fequirec partiple size,

3 iy { i
J.3.2. 4 2t _Process:

~lter  wet milling the slurrv  is  ften inty 2 die and  piressed
2 the shape at g very nign pressure, Arisotropic grades are

pressed under the influence ot a Pavwertul magnatic field,

In this rocess the slurry is dried and mixed with o :bricant

and pressed o shape in the dry condition.

The pressed magnets from oputn the processes are sintered iy
@ continous (upe furnace. Sinterec magneils .re  then Bround !v. ihe
Tequired size ang Cleaned in an ultrasonie Cleankng machine. Finajiv,

the magrets are inspected for size and magnet e Dropertiesg .

am;lzw



3.3.4. Ciaracteristics :

Fer:it: magnets are very hard but more biritile and siore Srone
¢ cracks and chipping on edges and corners, They are Characterized
bv g /€ry high normal ang intrinsic coercive force, but = rarher
tow  residual induction and are virtually freo from the effects of 4
self-demagristization which permits use of  shorter lengths. 'hey
possess a very high electrical resistivity wiich makes them ideally
suited fur hign frequency applications, the addy current affects 2eing

aimost ragligikle,

3.4, Calculation of Magnetic circuit parameters.

Thiz denagnetization turve cf ihe PMs used in this project e

4% snow: in  che fig. 3.2, The dirensions of the PMs used in tis

motor ara wlgo given in fig. 3.3 § fig. 3.4.

From Ampere's law, neglecting the reluctance frop in the irop
and the leakaze fluxes in the slot and alrgap, the main flux density
irc the dirgap is determined by the magnetic circuit analysis of the
permanent magnet ang the electromagnet. When o the polarities of
‘ragnetic poles are Opposite the MMFs ol primary coil and secondary
£M  assist eacn other. But when the polavity s same, the wvimMeg
07 primary  oi] and secondary M Oppose  wach other, Thus,

according 1o Amphere's law

us)
oo
¢ 5}
t
D
= o)
i
2
Lk

When e primary ourrent ig umed it

the permanet nEane!

fhe dfémagnetizaHon SUIVE shown i)

EREY

X

hperates at the point "Q* pf



3.2, Foint 'O isg determined by the ioad tine, g/Lm Wher the
peimary  current is  turned on and ihe polarities are Opposite, tne
Pm  operates at the point ‘A’ @of ine demapnetization curve. and a
large atiraction force is produced. When the polarity is tre same,

the PM aperates at point 'P' and

a small residual force is produced .,

Tre airsap flux density varies with “, l.e. airgap vaiue 2,
sach that the airgap flux density is given by
B, = B+ B (3.2)
a o
and
, f3.5)
B = B - B
o} 8]

In (2.2} and (3.3) BO and B are functions of the airgap ‘g
ana can.  oe determined by the" demagnetizatior curve, airgap load
line and M. kence,

B
B o= - L (3.4
1+ (Br,g/’HP L ;
B = NI —————— (3.5}
2L H /R g/ o]
L ¢/ ¢l (8 olm)]

Tnese parameters are calculated and used  in the design of

FMLOM,

i4
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CHAPYTER - 4

DESIGN OF PMLOM

-1 Satlent points in the design of FMLOM:

g
—t

Thre specification of PMLOM are load., seighi, steoks  iength

and maximum speed.

Tiwz first step in design is o determine the Attraction icrce

and repulsion force  required v the motor  for e ziven
specifications, Next is toc calculate Ampwre turmns of ths  stator
winding tc provide the required force. Then the various dimensions

ot statoir anc mover are decided,

The design  and development of PMLOM  involves materia:
sonstraitits particularly permanent magnets  ard Linear 3eArings.
taking these constraints into account, the design of the PviLOM can

ve done as outlined in the following sections.

4.2. Specifications for the Design:

Firr a stroke length of § mm, the motor should be capabie o
ascillating at a maximum speed of 63 mm/sen. The ioad weight 1is
taken az 35 Nawtons and load fricriom as Zero.

4.3. DESIGN

s.3.1. Jetermination of Attraction Force:

“rem the law of the conservarion of ansirgy . the force in

@

rie
ot the coll wurrent I and the variation o  the inductances with

i@



position x is given by:

: for2 o4 Win
Bo= 7 L dx »

Since the inducience is given by:

Lix) = NO/T = NAB/I

hy:

4
the flux density is B = E:O: B
therefore
dL{x)/dx = (NA/I}dB/dg P4
From (3,2) thirough (3.5) we obtain:
2ZH L -~ NI ‘g
d8/dg = t R i
Ly o 7 ’( i
2 08 [(HCLm,Brg)xl/
If (4.3) and (4.4) ars substituted into (4.1}, the sorce
ZH L - 1
F’ = .,N_.]:.é.’_. + e e it e et C m o R
2 08 2”H¢:Lm/5rg) R Y 317
From (4,5}, the attraction force is given ny,
Foo- UNIA (Hety = NI e
- 2 . ; . -
08 “‘[(Hch/Brg'j v L] (o
In this equation (4.5}, H ’Br' ana L.m valass  are

[

given PM specifications.

20
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4.3.2. Determination of Airgap:

The mover will travel for a stroke length of 9 mm. ooavoid
hitting of mnover against stator while travelling, a rubber wasner
of thickness I mm 1is provided. Hence total airgap lengtn oDecomes

172 mm.

4.3.3. tiator iron area calculation:

Yince the length of the stator is resiiicted tc 24 mm o seat ;
a lineai bearing of same length. the available area for providing
the stator winding is limited. So the total winding is groupecd into
two par:s. The value of slot width is selacted to match the nole
producer! by the electromagnet with the poles of Permanent Magnet.
The various cimensions are shown in fig. &.1. The deptn of the

siot is sssumext as 15 mm initially.

Area of the Stator Iron core

= Tctal area of the Iron core -~ [Area of the slor & - Area

of the slot 2 + Area of ths Linear HLiear ing |

A = A,] - (Asl + ASZ + Ab J {4 7]

= DI, - i (dol-dil)Lg 1 + 1 [c]uZm.‘j:iZqu] R A T

Since we know the values of a § g, wt can calculate e vaiue

s

oF NI frem ecuation (4.6)

Ncw, considering the repulsion force, we hnave the
21
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cf the wrrents reversed. The fluxes in the airgap are pregominately
radial., We now have a force of repulsion between the cell ans  the
FMs. For @ small airgap and ior a uniform flux densitv o~ the
sirgap simple magnetic circuit approach vyields the magnetic siorec
energy . From Ampere's law, neglecting the reluctance dror i the

iron, the flhux density of coil is rzlated toc the potential (MME 3%

HEJ = NI/LR La, 8
and
= H = / fa,.4:
Bl?a\ﬁ = OHE = DNI, LR E S
Tiie PM operating point is determinecd by (3.4} using p - - .. tne

FM flux density becomes:

et
o

Boy = Bu/lLe(BlpsH . L)) (4.

Tne total stored magnetic energy in the airgap by rthe radial

airgap fluxes is then given by:

W = k Map gt /2 ] B
R DA T (B7/2) « (Ugyi/z ) !
Hence the repulsion force becomes:
4
P B, : 2
D P U NI -
F = W/ x = —= T4 e (4,12
4 2 o LP
Tte maximum speed can be caleulaie)  using  the following
egquation,
8] = i ,'qz».l
max S



4.5. Desiga ot Stator:

Trhe tctal ampere turns NI is obtaineo from aquation e

'aKing ine ourrent as L.6A, we zan find 1 number ot {urns  per

o1l The area of cross  section of  the tontuctor. is  foune o Oy
assuming  « proper current density Taking ihe current density oag

6.5 A/Suy.mm for short time duty,

i = i/3

(4.1
C

From the calculation SWG24 copper wire is selected.,

Using tne value of the ares of the wvire. the slot ares is

racalculsteds .

For thi: slot area, area of the stator Iron core is checked,

And the ieagth of the slot is increased to 17 mm,

4.6. Design uf Mover:

'ne PMs are placed an the ot faves ol tre Mover, ine auter
diameter of the Mover is decided by the diameter of tne availanle
oM, A ailowance of 20 mmis given in the outer diameter <ty ine

machining progass,

Thiz length of the mover here is  more than twice frne rength
of the sermanent magnets, For mecnanical BUPROrt a gap of 0 am

1 giver wetwsen the PMs, The length of tne Lover 1is taken ss

fcllows:



4.7. Design Calculation:

Specifizatinmg -

Load Weight : 15 N
Stroke Length r 4 nm
Msx. Speed : 83 mm/sec,

From FV wmanufacturers:-

Br' = 0.4 T (Residual flux density
HC = 159155 A/m {Coercivity)
I. To find the Ampere turns required by the Motor.
(NI, 2ZH L+ N1
o) A C m
2
2 g H L .
G y cm i
N Brg
: o
" f
F A 35 »
Hc = 159155 A/m
) -7
z 4 x 10 H/m
o
g = 9 x 10
Lm = Length of the Magner = 17 s 10"
A & Area of the Stator iron core
= Total area of Iron core - tavres of sie

of sior Zz + Area ot the Linear DeRINIng .

Area of the Linear Bearing

Availabie !.inear bearing size:
Length @ %4 mm, diameter : 15 mm

A v dvao
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x 15 x 107y 24 w )4 :

A = 1.131 x 107° w2
Area of the Slats:
Assumptions: -
Inner dizmeter of slot 1 a8 mm
Quier diameter of slot i 69 mm
Initer cliamter of siot 2 98 mwm
Quier diameter of slot 2 = 118 mw
Deiptiz of the slot L s 17 muw
A‘;---; = (dol - di1l) x LS
=3 3
= (69.38) x 17 x 10° x 10
1.655 x 10" 2
AS.:" iz (d02 - di23 X LS

(118 - 98) x 1070s 17 « 10"

1.068 x 10~ p?

Diamter of the Stator:

Diameter of Linear Bearing + Diameter of siots 4
thickness of steel

15 mm + 103mm + 1C mm

128 mm



A,
e gore: 1

Total area ol 1
DL
&

-3 -

148 = 10 “'x 24 ¥ 10

Length of Stator de:ipends on available Linexr Pecring [ engir

A= 9,681 w1078 2

y
!

A = AT = {A _+ A _ Al

[9.681 ~ r1.6556 « 1.068 - L1y ow et

5.7:64 x in ™

To find the Ampere turn: ;.

{NA }A

F = — S

3¢ = ANLIXE.7964x107°  (2x1591551mmq g

+ NI
=23 ~ ‘ ..?.-_kv.':_....._.,._m_,.h_:v.
dxdx 10 (9x10 ) .1;5.9.132).“2‘1@. - b,

9. dx9x1c 2 I

NI 1219

Assume curreemt | = 1.6 A

HE
Ll ]
° [l
> |2

= 761.87%

N 820 turne



The totzl winding is grouped into twoe paris:

In slot 1T - 4325

in slot 2 375

¢ _find the area of the Conductor:

Azsume current density 1 = 5.0 A/mav (for short time BIBRREN

; I i.6
a., =3 = 3
a 6.5x10
; 2
a_ = 01,2463 mm

Area of the slot:

a x N
c

[0}

wiaere K _ 1s space factor
-
Asisume KS = 0.4545

_ 0.2463x800
5 0.4545

433.53 mm?

>
H

Designn of Mcver:

b — s 1

Ulametar of the Moyer i decided oy the outer dlameter o

the PM availiable,
A allowance of 20 mm is glven ror the macnining process .

Terefues Diameter of thg Moyer ) - 4 .

m



Length a1 the Mover

Max. Speed: U =

max

o
1

3 =
2L
2

of BPMy w2 .

vy

tLengih L0 inm

SUpoort n/w

4 X P77 o+ 10 mwm

44 g

63 mm;sac

i ann.

SO S

U, 4

{Mecranical

S

0.4%x12410°°

- -3
:59155x4  x10 7x17x10 -

0.1659 1

NI

g



O el et 1ttt .

2x175107°  15915¢
TatdT
= 0.03735 T
Air gap flu- density
In Attraction case, B B + B
a o

= 9.1658 « 0.037:8

= J.2032 T

Alr gap flux density in the Repulsion case,
& o

= 0.1659 ~ 0,(3745

= 0.12854 1

Permanent Maynnt flux density

B
pm

LR ©  Length of the Magnetir circuirs

12 x10° -

-

0.4

B Bt e
DIl
1+

=3
0.4 x 12 x 10

=7 -3
159155x4  x10 S x1I7x10

0.1658% T
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4.3. Design Sheet:

The  aesign of PMLOM s carried

explained in  he previous sections.

at are given ir Table 4.1

v

das ipn

roilowing

grocedure

particulars arrived

Table 4.1. Design Particulars of PvMLOM

Atiraction Forcs
Stroke length
Friaquency
Maximum spaed

Alrgap flux density when the
primary rurreatl is off

Axial airuap flux density for

attraction cagse

Axial airwap flux density for
repulsior. case

PM flux lensity

Curreant

Size of e cupper wire

Conductoi' aies

Current density

Number of turns in coils Coil 1 g 3
Coil 2 & 4

5int ares

Space fastor

Cuercivit,

Remanencs

Alirgap Lingth

u
max

i3

(w2]
C

U.6158

U.2032

0.1285

U.1659

A ssec

T



Average radial magnetic circuit

Lengtl

Iiameter c¢f the Mover

Diameter of th2 stator

iLengthof the =stator

slot 1 lnner diameter
Slot 1 ruter ciameter
slot 2 inner ciameter
Slot 2 cuter cliameter
wWidth of the slot 1

Width «¢f the Slot 2

Depth ¢f the slot

Linear hearing outer diameter

Length of the magnet

Length »f Mover

.ength of the Linear bearing

Total aree cf the stator
Area of the silot 1

Area of the Slot 2

Area of the [Linear bearing

4rea of the stator iron core

Number of ampereturns
weight of iram in wover

Weightt oF Paig

Total weisht of Mover

dii
doi
doZ

dou

Ny
A -
A

Wi

Wi

I

W

1z it
118 N
128 T
24 7

38

2% x
98 n
118 i
15.5 i
10 i
17 M
1% ity
17 no
44 n
24

9650,49 et
1655.6 q
1068 ot
1131 nm
0.0057%6
1219 A
Z.1 <
0.7 Ks
2.8 <



CHAPTER &

OEVELOPMENT OF FMiy I

L Jailent points in the development of PM{.iim

Te over all performance of the machine g mainly affectarn Dy
che development process. S guod  progass shall  rave -eirter
aserformince  of  the machine. Alsg, the develcpment process or inig

Jaconventiongl machine takes few trials in each stage of the process

.2 Developnient of the Stator

Stator  is  made up  of mild :teel. [t 1§ machined r¢ uroper

dimensicns 'y turning process. The Stator is as showir 1 the 3.

4
S.1. Formeirs made up  of mild steel A wachired to  ipe Sl
internal Clamster size. Copper wirss are  wonc on the former for

the coiis of required number of turns,

Colls [ & IT of 800 turns each divided intn 2 parts are  wound
and insalated with cotton tape. Varnish ig applied on tne coils

after placing inside the slots to get better insulaiion,

A Inner diameter of 15 'mix  with lint  tclerance ig Machinsg
and Leaner bearing is seated in i, The Linear bearing disgrer g

shown 4 rig :,2,

Cas

Developiiant of the Mover

Mover is made up of iron «core, On it sides of e wover
two grooves sre made by turning io the dinensions as shown in the
fig 5.3, Adaesive material araldite is ap.)ied I the grooves g
'ing tyne Permanent Magnets are placed.,

32



A% dnner  diameter of Smm s drilled in the mover anc
snafl  wpacnined  with kourling operation in s center e fivien

in 1t.  The muchine diagram of shaft is shown in fig 5.4,

3.4 Overall asssm bly

Ihe transperant material is machine: and s usec as
enclosur, ‘ihe two stators are placce iIn ttws Loth sides of i,
The ent lteads drawn from the stators ar«e  connected tc the

terminal box for external supply .
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CHAPTER 6
TESTING

, and {medance Measurv—:ment

Re: istarss

Aated Resistance Measur'emem
e est set-up for resistance me,asuremem s 2B spoeet
fig Oels the DCE current flowing throagn e coii-i 15 garied 2V AS1NE
For gifferent values of DC current, the vOl1age arop

of Aammeter and yolimeter

jamp 10ac .

b3
across the coil=1 18 measured . The readings
are tabula\ced and average resistance is caloalal sd. This S repeated
for the goil-{ also as in Table 6.1
B { npedance Measuremem
A 3 Qo 'i,mpedance 18 '«.neasurfe.d gasiny @ (est 387 LS <hown
i 1R Bed rne AL current flowing mrough the coil-i 1f Jaried BY
cning B aging 2 jamp 1pad - wor differem alues of AL G rYEns
e voliage drop across the coil-i 18 peasured . The readings of
ammeter and yoltmeter are tabulated and average impedance is
c:alculatzad.. This is repeated for the other Loil-11 alsG. D€ readIings
are glven in table 6.2
6.2 Measurement of (Jscinatmns vea preaienty
Tne jaeal supPLY :rfequirememi o iDhe s,uz:wtaioped podel 15 single
anase aguars Wave supply - az & vipgt T jat, it 15 tasied with 2
et 36t db 15, shownh n ~1E SPIC

The com plete

:?-musoillia] Slply ¢



The required yariable voltage. garintuie frequency supply 18
slip -ing induetion machine set. he

a DO motor =~
50 Hz AT

~prained from
stavor  GY e oSWE ing nduction nachine i fed with 2
The outpul voltage is

5 phase Auto nansi‘ormmu

SUpDLY mrough @
SR TPU vantage ic taken from e rotor i tne siip-ring -nduction
ole voltages yariaoie

wotor. DY yarying the gpeed of thé gat, vear ia
frequenc’? single phase supply is gbtained and glven {o the PMLUOM

S co.nnected across ihe coil t’erm?‘.ﬁals

g single phase supply i
g varied

The frequency is jow Vaiue and

T

as showi in ‘he f ig 6.3
e survent e the coil is r@ jsed upto 3A. yow mover ascillatles:
Howevel No.of ascillations ni the WOV or can Of changed  9° verving

frec ency of opera gion.

Fe9 1=

Load Test OO pM LOM
e developed model 18 tested with spring joad. i© current
taken far Jarios load condition is obser\)aux\ @il ‘1'abulated.
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Table 7.1 Resistance Measure aenft

Name Trial 1 \ - mear
of coil NEY. amps VOlis onim B
Figtats
U e e e T o e an e e e
1 L4 30.G 21,34
cOIL-1 B AL
¢ 2.6 42 .5 21.25
T ‘,_,w....,,...,-,___.,,,MMMM N o
1 1.8 35.5 19.7¢
COIL-11 1y, 5
2 Z.0 40.5 20.2!
e ,,_.,_..,,.._..,-..,--...._Mm,,,-,.,- e e e
Table 7.2 Impedance Measureent

A0, 00

B0

s ™ AT
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CHAPTER 7

{ZONCLUSION

A 32v, 7 ey 1.6A PAMLOM has neen desiirea, fapricarec Aanc

tested successfilly .

Wwe can reduce the size of the machine by using rate earthn

magnets.

Another model can he developed using gilicon steei (E-TYPRR

core) magnetic material.

For getting 1ne requirad oscillations. FPM LOoM stator ol
ne energised seriodically. ‘this requires single phase Llow Frequenty
supply. S50, the preoise control of the oscillations ©an D€ Soye U

microprocessor haged system. The microprocessor oased ~onEroL

system also uead to maintain the air gap and deceilgrate the TCVeE

==00C~=



COST ESTIMATION:

thz =actual expenditure incurred in developing tne oroto-

type PM 0O is given in Table 7.1,

Table 7.1 - Cos: Particulars

S.No. Meterials Quantiiy QS
vind Yueel 10 Kg. 2. 5
pan ermannent Magnet 4 Nos. s
3. Linzar bearing 2 Nos. IEl
4. Coppelr Wire 300 gms UL
5 i"oLycarbonate Sheet 1 Mo, UL

“enclonare)
Jauricstion Cost i
Hiscelianeous Lk
Total PAsIsY
'he total cost works out tc bes Rs. 2850/~

fas
-3



AFPLICATIGNS:

The Fr_.OMs are mostly empleyved in xeyv applications woich

require oscillating/reciprocating movermn ni.

Same of the major applications are tisted oslow:

i Computer numerical control maching ronls
2. Total artificial heart

3. Space power systems

4. Short stroke linear vibrators

5. Cogioressors

6. Textile machines

7. Robotics

8. Sontrol switch
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