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The design of the Three-phase squirrel cage induction motor

(Y180L-6 / 15kW)

Abstract

The induction motor is the most widespread electrical machinery in the industry and agriculture
production . Its performance enhancement has the wital significance. In this article | the elementary
knowledge of the induction motor designs is Briefly introduced, the method and the step of the middle and
small scale electrical machinery design is also elaborated, the electromagnetism design step and the design
computational procedure is introduced, the optimized design of the electrical machinery is also
mentioned.

The electromagnetism design is according to the specification of designs to determine the
electromagnetism load, calculates each part of sizes of the rotor. the stator piece and iron core and the
winding data, then calculates each parameter and the performance of the electrical machinery, and to make
the essential adjustment to the designs data, until meets the design requirements. AutoCAD cartography
elementary knowledge is also simply introduced in this article

Keywords: induction motor electromagnetism computation
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ROTOR SLOT AND TURN INSULATION

The most widely vsed AC motor is the squirmrel cage induction motor (Section 1.2.3) The rotor
consists of heavy copper, brass, or aluminum alloy bars welded to end rings and embedded in iron
laminations. Alternatively, the windings mav be cast-in-place aluminum alloy. The winding, without the
laminations, resembles a squirrel cage, hence the name squirrel cage motor. The squirrel cage induction
motor operates without sliding electrical contacts of anv kind. There is generally no applied insulation
between the conductors and the laminations, as the difference in conductivity of copper or aluminum versus
iron laminations and the low voltage at which the rotor operates obviates the need. Most other types of
rotors in motors and generators operate at higher voltages and have both ground and turn insulation
(Section 1.5). Rotors in smaller machines are usually random- wound, using round enameled (magnet) wire
(usually with a varnish dip) that serves both as tum and ground msulation. For higher voltage rotors, with
either random- or formwound coils, separate slot and turn insulation is used. This msulation is usually
made from formed pieces of materials that are set in place before the windings are installed. Alternatively,
some small rotors use an electrostatic coating process to apply polymer powders to the slots for insulation.

Materials selected for slot and turn nsulation will vary depending on the temperature class of the
winding and the voltage and power rating of the machine. Formed sheet materials may be of aramud paper
(such as Nomex™ by Dupont) for medium-size generators or laminates of plastic films and nonwoven
layers for smaller machines. A very common slot insulation is called DMD [for a lamination of Dacron,
Mylar, Dacron (Dupont trademarks)], with a suitable adhesive DMD i1s made by Dupont and other
suppliers from polyethylene terephthalate polyester resin in film and nonwoven fiber form A series of
similar laminates are available for use in machines with different temperature classes. Films in use include
polyethvlene napthanate, nvlon, and polyimides. The nonwovens include cotton paper, unbleached wood
pulp kraft paper, aramid fiber mat, fiberglass mat and the combination of polyester and fiberglass in mat
form. Similar materials are used for turn insulation in the form of pieces cut from sheets or rolls. For round
rotor fields with heavy copper coils, thin laminates of fiberglass cloth and polvester or epoxy resin are used.

The slot insulation for two- and four-pole round rotors (Section 1.5.2) has evolved over time from a
mica-splitings-based composite with kraft paper, glass. or asbestos cloth and bonding resins to premolded
slot cell or slot armor pieces. Several methods are in use to fabricate these insulation pieces They include
individual moldings made in compression presses, step-press compression molding, and hydraulic or
autoclave molding of prepreg lay-ups in sheet metal molds. The long sections from the latter two methods
are cut and trimmed into individual pieces. Polvester resins are used to preimpregnate glass fabric for
individually compression molded pieces, whereas epoxy resin prepregs with glass cloth are used for the
step-press process. This process may also add special layers of aramid fleece and high-temperature-
resistant imide films to increase the crack resistance and electrical breakdown strength. The hydraulic and
autoclave molding process mav also use these materials, although continuous-filament nonwoven fiberglass

sheets, preimpregnated with epoxy resins by 3M Company under the Scotchply trade name, have been the
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most successful The resins selected for slot cell insulation must be physically tough, resistant to thermal
aging, and have a glass transition temperature (T'G) for the cured matenal that is above the peak operating
temperature. The TG is the temperature at which the cured resin softens or changes from a crystalline to a
rubbery or amorphous state Operating above this temperature allows the resin to creep out of the
reinforcement, destroying the insulation pieces.

ROTOR WINDING INSULATION SYSTEMS

Most hydrogenerators and low-speed synchronous motors rated up to about 50 MW have salient pole
rotor windings. As indicated in Section 1.5.1, the design vsed on most motors and generators rated less than
a few megawatts is called a multilayer wire-wound type. In this design, the insulated magnet wire, which
usually has a rectangular cross section, is used. Each pole is constructed with many hundreds of turns of
magnet wire several lavers deep, wrapped around a laminated steel pole piece. The tum insulation is the
magnet wire msulation. Insulating washers and strips are placed between the magnet wire and the
laminations to act as the ground insulation. Often, the entire pole mav be dipped i an insulting liquid to
clue the various components together.

Salient pole rotors in machines larger than about 50 MW, and those operating at 1200 rpm and above,
favor the “strip on edge™ design since it can better withstand rotational centrifugal forces (Section 1.5.1).
The poles for this type of winding can be made from either laminated or solid steel In the case of the solid
steel pole type, used on larger high-speed machines, the pole tips can be bolted on or integral. In this case, a
thin copper strip is formed intoa “picture frame” shape and the coils are usvally fullv processed, including
varnish impregnation, before they are installed on the poles. The only exception is the integral pole type
construction for which picture frames have to be connected together to form a coil as they are installed on
the pole. Separators act as turn insulation to separate each copper frame from one another. On some copper
frames, especially near the pole face, an insulating tape mav be applied to the copper to mcrease the
creepage distance. The copper picture frames are connected in series to make the coil As with the
multilaver salient pole design, the winding is isolated from the grounded pole by insulating washers and
strips.

The bonding vamishes for salient pole designs are selected according to the temperature class of the
machine and the hardness and elasticity required for the application. The mica usually chosen for the
eround insulation is clear mmscovite mica, bonded with shellac, shellac—epoxy, or vinyl-alkyd. Composites
of mica splittings , aramid sheets, glass fabrics, and epoxy resins are also used.

COLLECTOR INSULATION

Unless the rotor winding is of the “brushless™ type (in which the DC comes from a rectified
AC current induced in an auxiliary winding on the rotor), collector rings are needed to bring the positive
and negative DC current to synchronous rotor windings. Collector rings are also needed for wound
induction rotor windings. The collector assembly is generally manufactured as a separate item that is

heat-shrunk onto the rotor shaft at assembly. A wide choice of materials is available for the insulation
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needs. A common choice for ring insulation is molding mica. Molding mica is a B-stage material that is
applied by heat softening to the collector shell or hub along with additional bonding varmish Affer
wrapping, the mica is subjected to high compressive force by, for example, wrapping with steel wire under
tension. The unit is then oven baked to cure the varnish, stripped of the wire, and machined in a lathe to a
closely specified outer diameter. The steel collector rings (copper or copper alloy rings are usually used on
wound-rotor machines) are then heat-shrunk onto the mica ground insulation. Modermn practice is to apply
polyester-resin -impregnated fiberglass rovings, under winding tension, between and beyond each ring.
After resin curing, the excess material is machined off and a final coat of sealing varnish is brushed over
the fiberglass bands and cured.

The collector brush-rigging insulation is generally made from molding compounds, laminated boards,
or tubes made from paper, cotton, or glass fibers suitably bonded and impreg-nated. The resins chosen for

moisture-resistant surfaces of these pieces are very important for good operation.

Electrical Insulation for Rotating Machines : Design, Evaluation, Testing, and Repair
IEEE Press Series On Power Engineering

by Stone, Greg.

Publication: Hoboken, NJ John Wiley & Sons, Inc. (US), 2004.
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