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Abstract- High Voltage (HV) increased safety (Ex e) motofsnitation for temperature limitation with respeotinsulation

are being designed for safe operation in the haaasdarea.

of winding, rotor design, termination, enclosureffprmance

The motor timegtfor increased safety motor is prime safetior hazardous area. The design of Ex e HV motop als
parameter. The higher value of timg means insulating depends on the rated voltage, pole, installationgress

system of Ex e motor is able to withstand the lddandition
for long time so motor will be more safe for longration

protection etc. which are considered based onistefactor.
The high voltage rating of Ex e motor generally argkV,

during in abnormal condition in hazardous area. eTh6.6kV and 11kV but generally 6.6kV rating demandnisre
research work shows that the timedf Ex e motor can bein the hazardous area. It has been reviewed thatutrent in
increased by increasing the mass of rotor bar or Hbiie stator end winding, produces stray field congmbs

increasing the stator coil pitch. Low speed andightspeed
HV Ex e motor were selected to redesign with insirea
rotor bar mass and stator coil pitch. The timeand other
parameters of redesigned motors have been compaithd
standard design of Ex e motor. It is anticipatedttthis study
will be of immense benefit to Ex e HV motor designe

Keywords: Increased safety motor, timg temperature rise,
air gap.

1. Introduction

The increased safety is a complete inbuilt methdd
protection in which equipment is specially designed
prevent any arc, spark or excessive temperatumedsed
safety protection method is widely being used tdkenkxe
junction boxes and motors for safe operation inezbrand 2
hazardous area. The Ex e equipment is applicaliyefanuse
in zone 2 area in India as per IS 5571 [1]. Theamtine £ is

higher means motor can withstand thermal stabibity
winding insulation for long time without insulatidailure in

abnormal specified condition. The limiting temperat of
insulation of winding of motor is dependent on thee t.

These components together with leakage componemtsal
stator core magnetic saturation induce circulatogent to
flow in any closed conducting circuits. The curremuses
arcs and sparking at the joints of a multi-sectimotor
enclosure [3, 4]. The stray end winding field wile the
strongest during locked rotor and starting condgio
Sparking may also occur across the air gap duehéo t
movement of the bars due centrifugal and electromtg
influences. Sparking generally occurs during thartistg
condition [4, 5]. Corona discharges and surfacektrg on
contaminated winding can also cause sparking. The
phenomenon of sparking and arcing could pose arthana
explosive atmosphere [5, 6]. When three-phase imluc
®otors are properly designed, built, installed, araintained,
uncontained sparking is not expected except atehigheeds
and higher voltages [7]. The level, when highetagés and
higher speeds, induce sparking varies greatly thighdesign
[8]. The stator sparking can occur at any time rynnotor
operation. The risk is increased by transients frthme
network, surface contamination and ageing. Rotarkspg
results from the intermittent breaking of the cehtaetween
the rotor bars and core. It occurs during startinty, and is
limited to the first sections of the rotor core. Mi&acturers
can prevent rotor sparking by taking steps duriagigh and

The time ¢ is the time which is taken by motor to start gfroduction to ensure that the rotor bars are pigpesked. In

rotor locked without producing any arc or sparkfailure of
insulating material of Ex e motor winding. The time of
motor should be more than 5 seconds. Increasedysiafa
protection in which additional measures are app$ieds to
give increased security against the possibilityegtessive
temperatures and of the occurrence of arcs andksgar
normal service or under specified abnormal conatiat
rated voltage assigned by the manufacturer. Thedesture
rise of the conductor bar for Ex e HV motor shalt exceed
45°K at a test current of 110% of rated currenbediag to
the method of the temperature rise test as spddifi IS/IEC

some cases the bars are swaged into the slotifoptinpose
[9]. The rotor and stator type tests are requicegrove that
machines are not even able to ignite an explosigas ¢
atmosphere inside of them [10]. The stator windafigHV
motor shall be designed to assess for permissitgakidown
impulse voltage in explosive gas mixture withoutuie of
stator winding [11].

Time % is the time taken by AC windings to reach the
limiting temperature of winding insulation at rategerating
conditions during starting or stalling. Theis$ very important
parameter for Ex e motor. The higher valuegabftrotor and

60079-7 [2]. The design of Ex e HV motor has certal



stator indicates good quality of insulation systdesign. It 3 Important Design parameters of Ex e HV motor

also reflects that motor cannot produce any arerkspr ) o o
excessive temperature during specified abnormakeldc EX € motor depends on mainly stator winding, retording,

condition. The Ex e HV motor should be designedhwi®l 9ap and other parameters. Some important design
respect to these objects. The timeof rotor winding of Parameters are described here.

increased safety motor depends on the differerarpaters Lo

like mass of rotor bar, specific heat of windingtemil, heat 3-1 Stator windings o _ _
dissipation factor and rotor copper loss or stgriorque of The insulation system of stator vylndmg shou_ld belglned_ in
motor. The timegof increased safety motor can be increas€Ch way that it could sustain voltage impulses the
either by increasing rotor bar mass or by reduditagting explosive gas mixture [13]. The _msulat_ed v_vlndlruglductors
current and or increasing stator coil pitch. There two a'€ covered with two layers of insulation in whichly one

methods namely by increasing rotor bar mass and !Byer is enamelled. The enamelled winding condsceme
increasing stator coil pitch are proposed to inseesotor cOnfirmed with the requirement of IEC 60317-3, IEQ317-

time & of Ex e HV induction motor. The objectives of thid: |EC 60317-8 and IEC 60317-13 standards. Themum
paper are as follows; nominal conductor dimension c_)f wires is usgd .fcmdnmgs_, is
a) to find out the effect of increased rotor barssaf motor More than 0.25 mm. The detail of stator winding poofile
on the time &, temperature rise and performance of motor. @nd stator slot profile is shown in the Fig. 1 dfg. 2
b) to find out the effect of increased stator quith on the '€SPectively. It is the lap winding and shape ofl &e
time &, temperature rise and performance of motor. diamond pulled type. A coil in double layer winding
The Ex e three phase HV squirrel cage inductiononsoof '€Presents the entire set of conductors in one lajar in
rating 970kW,6.6kV,18 pole (low speed motor) an@ssociation W_|th similar set in other layer of d®otslot. The
2200kW,6.6kV,2 pole (high speed motor), 50Hz aresein nl_Jml_Jer of coil is the_refpre same as number of srbl_he lap
and the same motors are redesigned with increasgdnbar Winding for stator winding is chosen to take thexmaim
mass and stator coil pitch as per additional reguént of number of parallel paths equal to number of potésis
IS/IEC 60079-7. The rating and frame size of bathmotors €Sulting in optimum design without using bulky dontors.
are kept same in both the cases. The comparison8f COils are usually short pitched in order touced the
performance parameters between these two propostibds @Mount of copper in the end connections and to miz
are discussed in the paper. The motors under stifmuare Certain harmonlcs_ln .the.phase voltages. The_pi;!alszad is
manufactured by Bharat Heavy Electricals LimitedH@.), kept 60° to get a distribution factor of 0.955. Wiadings are

Bhopal, India during the consultancy project andmaaithor Star connected so the phase voltage will bé31¢f_ line
was a project leader. voltage, hence, corresponding insulation thickressoils is

reduced.
The windings are wrapped and fastened properly thés

2. Methodology of design of Ex e motor X _ . . 7
dried to remove moisture before impregnation wittuaable

As we know that heat balance equation is impregnating substance to achieve good cohesiaveleatthe
mxsxAO = .b.PR [12] ) conductors. The sensing elements of resistanceetetype
So equation (1) can be written as detectors (RTDs) are sealed and impregnated with th
te=(m.sAO)/(b.I°R) 2) windings. It is provided to protect the winding iting
and it is known that’R = Starting torque.kW rating of motor,temperature which does not exceed 200°C in anyitondo

so by putting the value ofRR in equation (2) the design of motor is considered for T3 tempegatlass

te = (m.sAO ) / ( b.Starting torque.kW rating of motor J14]. The allowable current densit§s] in stator winding of
(3)induction motor lies between 3 to S5A/mniThe designed
where, m = mass of cage winding, s = specific hefat current density of stator winding in the designedtan is
copper, b = ventilation factor,’R=copper loss in rotor between 1.88 and 3.04 A/MniThe value of current which
winding, A© = temperature difference and-ttime. flows through each conductor of winding and thessro
If s, A©G, m, b and kW rating of motor are constant for sectional area of each conductor depends uponutmber of
particular motor design, so Eq. (3) can be writssnt o 1 / parallel path, number of series turn and numbesooiductor
Starting torque i.e. time is inversely proportional to startingplaced in width and height for each turn. The catoluwidth
torque of the motor. If the stator coil pitch ofetimotor is to height ratio is kept between 6.6 to 8.3 for bibih redesign
increased then effective number of turns increasasing Ex e HV motors. The minimum conductor insulation
increase of reactance and hence starting currdéindedrease. thickness for both the motors is maintained 0.4nThe
If the starting current decreases so starting ®mmfumotor is separator (as shown in Figure 1) thickness is kepn. The
also decreased. Hence, tikeof motor may be increased byminimum radial insulation thickness of end windiragsl slot
decreasing the starting torque of the motor uptinopation portion is provided 1.6mm and 1.4mm respectivelyhe
limit by increasing the coil pitch of stator. detail of stator coil winding of redesign 970kW a2200kW
Similarly , in the same manner if &9 and b are constant forEx e HV motor are shown in Fig. 1 and Table 1. Stator
particular motor design in the above equation @jt €an be winding profile for both increased rotor mass andréased
written as ¢ o m/I°R i.e. time ¢ is proportional to the mass ofstator coil pitch is same. The insulation systemstaftor
rotor winding and inversely proportional to rotapper loss winding is tested and assessed successfully fotagel
(I’R). Hence time ¢t of Ex e motor can be increased bympulses and high voltage test in the 21% hydrdgethe air
increasing the rotor winding (bar) mass. explosive gas mixture as per IS/IEC 60079-7 atslénsured



that insulation system of stator winding does rrodpce any

arc or spark during starting or locked condition. height
Table 1 Slot wedge L< —t 9
Dimensions detail of stator coil profiles. height T
Motor Al A2 A3 A4 A5 A6
rating (mm) (mm) (mm) (mm) (mm) (mm)
80.9 74 9.6 10 Slot height

970 kw 4.5 2.4

2200 kW 45 2.4 1119 105 18 18.4

Magnetic
Putty

’ | Slot width | ¢

Fig. 2: Open type stator slot profile for 970 kW and 2200EWe motors.
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Fig. 1: View of stator coil profile for 970kW and 2200kV« e HV motor.

width

Fig. 4: Trapezoidal type rotor slot profile for 2200kW Exnotor

3.2 Cage rotors
The bars of cage rotor are fitted tightly in thetsland then

be brazed to the short-circuiting (SC) rings unldss bars
and rings of the cages are manufactured as a simileThe
rotor slot profile for both the motors in all casesshown in
Fig. 3 and Fig. 4. The shape of rotor slot prafleectangular
and trapezoidal for low speed motor and high spmetbr



respectively. The rotor construction is assessetessfully
for possible air gap sparking as per IS/IEC 6007%ie
limiting temperature (200°C) of the rotor is notcerded,

even during starting or blocked rotor condition frpviding / \
suitable current-dependent device to protect agaiteeding
the limiting temperature. The rotor outside diamé&f@o) is 4 ) 4
calculated as Do= d-2lg, where d and Ig are sthte
diameter and airgap length respectively.
3.3 Rotor bar winding
The rotor bar has been used in the rotor core widéch
laminated with minimum thickness of 0.25mm class ‘F g0 R B
insulation class material. The rotor bars are teseinto the | Bar 4 g 4
groove of the rotor. The length of rotor bar is tkeigher than 3
the rotor. The ends of bars are brazed for shozuiting with
short circuit ring. The detail of rotor bar slobfite and rotor «— 5 —>
bar profile is shown in the Fig. 5 and Fig. 6. tepe of
rotor bar is designed in rectangular shape for 9 0kotor
and trapezoidal shaped for 2200kW motor.
F - J
—T— K j \ 4
A
- g —P
Motor | B B1 B2 B3 B4
rating
D 970kW | 6.5 2.5mm 6mm  39.4mm40mn
Fig. 6: Rectangular Rotor bar profile for 970kW Ex e H\6tor.
3.4 Air gap
The air gap between stator and rotor of motonisr critical
part which depends on the performance parametertheof
motor like magnetizing current, power factor, ovead
capacity, cooling and noise. These performance npetexs
are affected by the length of air gap between statd rotor.
The radial air gap between stator and rotor ofdased safety
Motor A o) D motor is very important for consideration duringsidg@ to
rating avoid sparking and arcing in the air gap at the gmekets of
2200kW | 45mm|l 6.5mm| 60mm 13mmh  4.5mm motors. The air gap calculation for Ex e motor asel on the

Fig. 5: Trapezoidal Rotor bar profile for 2200kW Ex e if\btor.

basis of equation (4).

Air gap(ly) = {0.15+ [(Do-50)/780] [0.25+(0.75% n/1000)]} ry
(4) (2]

Where, Do = rotor diameter in mm (subject to aimim of
75mm and a maximum of 750mm), r = core lengtifX
Do), n = maximum rated speed in RPM and y= 1 fotamo
with rolling bearing or 1.5 for plain bearing.

The rotor air gap was kept higher than the caledlaalue for
Ex e motor. The designed radial air gap value isentioan the
calculated value as per the standard IS/IEC 6007Bké
radial air gap value of all Ex e motors under désion is
calculated by using equation (4). The value of raiameter
(Do) and core length are kept constant while desghe
motor with increase in rotor mass and increaseadtos coll
pitch. The value of different design parameterstabailated
in the Table 2.



Table 2

Change in design parameters with increase in liomass

Radial air gaplesign parameters of Ex e motors.

970kw,18pole,6.6kV

2200kW,2pole,6.6kV

Moto Do n in Core y r Calculate Maintaine ~ Change in Motor Motor
r in  RP lengt d Airgap d air gap  design (low speed) (high speed )
ratin - m M h in as  per in the Parameters for Normal Increase in  Normal Increase in
g m mm Egn. (1) designed increase in  motor rotor bar  motor rotor bar
in mm Ex e _rotor bar mass mass mass
motor in Rotor Total Slot 40 40 60 65
mm Height (mm)
970 700 330 920 1 0.75 0423 25 Rotor Slot Width 6.5 6.5 6.5 8.5
KW 1 (outer) (mm)
2200 330 2970 862 1 149 1545 5 Rotor Slot Width 6.5 6.5 13 15
KW (inner) (mm)
Magnetic stress 0.089 0.094 0.415 0.434
. durin short
3.5 Degrees of protection Circui?
The special enclosure is designed for these Ex entdtors  Rotor phase 117.9 120.6 216.4 215.4
which compiles with IP 55 degrees of protection forcurrent at
weatherproofness as defined in IEC 60034-5 [15] ISAEC r::ﬁ;ee?;fwe @)
60529-2001[16]. The motor enclosure and terminagyrent loading 45.6 46.6 62.5 62.2
enclosures are dust protected and water proteatech f in stator (A)
jetting. The IP 55 ingress protection means thgtess of Current density 2.98 3.04 1.89 1.88
dust is not totally protected but dust shall nohgigate in a '&ﬁ;?;%r winding
quantity to interfere with satisfactory operatiof the  Rotor tooth size Bottom=10. Bottom=8.8 Bottom=21. Bottom=19.
apparatus or to impair safety. (mm) 3 Middle=8.1 7 6
Middle=9.8 Top =7.5 Middle=16  Middle=13.
3.6 Fasteners Top=9.3 Top =10.3 ? .
. . op =/.
_SpeC|aI fasteners accc_>rd|ng to IS/IEC 60079-0:28@4used  maximum  air 0.721 0.721 0.431 0?424
in Ex e HV motors for increasing the safety of hidpais area gap flux density
in which fasteners can be opened only by a speéo@s to  (Tesla)
avoid unauthorized openings Magnetic field 1.482 1.275 0.168 0.168
’ strength at stator
) tooth middle
3.7 Bearing seals and shaft seals (AT/mm)
The rolling element bearings are used and the mimmadial Magnetic field 1.221 5.255 0.315 2112
or axial clearance between the stationary andingtgiarts of tséfiﬂgth ?:]i(;?jtlgr
seal is kept more than 0.05 mm as per requirenfel®/lEC  (AT/mm)
60079-7. Height of stator 76 76.6 148.1 148.1
yoke (mm)
Height of rotor 149 139 65.5 60.5
3.8 Spaqg Heater . . yoke (mm)
The cert|f|e_d flameproqf (Exd) space heater is test which  \igth of copper 6 75 6 8
is the requirement of increased safety HV motohéat up bar of rotor (
the stator winding of Ex e motor, when heatinggguired. ™M)
The minimum temperature of space heater is limibeti80°C E;r'ghto(;f coppe! 39.4 49.4 59.4 644
in any cond?tion by providing a suitable temperatur imm)
protective device. Mass of rotor bar 469.7 709.5 447.4 539

(kg)

4. Design parameters of Ex e motor

The Ex e motors of rating 970kW, 6.6kV, 18pole (Ispeed
motor) and 2200kW, 6.6kV, 2 pole (high speed motegye
redesigned for higher timg: tof motors by using the two
proposed methods. The methods as discussed eardieas
follows:

- by increasing the mass of rotor bar, and

- by increasing the stator coil pitch

When it is compared with the redesigned parametstis
original designed parameters of 970kW and 2200kWorso
and it is found that there are changes in desigameters
from original parameters. Table 3 and Table 4 shbe
comparison of various parameters of redesigned muiit
increase in rotor bar mass and stator coil pitahrmormal Ex
e motor of same ratings. It has been observed tiiat
parameters of redesigned motor with increase iorrbar
mass and stator coil pitch are different their rarx e
motor of same ratings.

Table 3

Table 4
Change in design parameters with Increase in statbpitch



970kw,18pole,6.6k  2200kW,2pole,6.6k

Change in  design V Motor V Motor

Parameters with  (low speed) (high speed )

increase in stator coil Normal Increase  Normal Increa

pitch motor in stator motor se in
coil stator
pitch coil

pitch

Coil pitch 7 8 20 22

Chording coil pitch 718 8/9 20/27 22/27

Winding factor of stator 0.945 0.956 0.877 0.915

Half of Mean length of 1459 1473 2180 2278

turn in Stator (mm)

Total length of 3781 3818 4708 4921

elementary  Conductor

(mm)

Single  sided Axial 235 240 446 472

winding overhang (mm)

Length ratio (Ratio of 8 8.2 13.3 14.3

average length of

winding overhang to

Height of insulated)

Magnetic stress during 0.089 0.086 0.415 0.405
short circuit

Total resistance of stator 838.42 846.68 181.65 189.85
and Rotor winding at

20°C ()

Total resistance of stator 1020.68 1030.74  221.14 231.12
and Rotor winding at

75°C (M)

Per phase stator winding 340.23 343.58 73.71 77.04
resistance at 75°C @)

Rotor phase current at117.9 117.3 216.4 217.7
reference  temperature

(A

Current loading in stator 45.6 46.3 62.5 62.9
(A

Current density in stator 2.98 2.96 1.89 1.90
winding/Rotor  bar/SC

ring (A/mn)

Maximum air gap flux 0.721 0.712 0.431 0.413
density (Tesla)

Magnetic field strength at 1.482 1.361 0.168 0.161
stator tooth  middle

(AT/mm)

Magnetic field strength at 1.221 1.128 0.315 0.263
rotor  tooth middle

(AT/mm)

Height of copper bar of 39.4 394 59.4 59.4
rotor (mm)

Stator winding cross 41.3 41.3 29.67 29.67
sectional area (m

Stator winding mass (kg) 677.6 684.2 1212.2 1266.9

5. Comparison of performance in terms of
increase in t

The Ex e HV induction motors are redesigned wittréase
in rotor bar mass and stator coil pitch and theupaters are
tabulated in Table 5. All the motors are testeaessfully for
no load, locked rotor test, heat run test, ignitiaek

about 7.18% increase in increased stator coil pitethod for
high speed motors.

The performance analysis in case of timeftrotor of low
speed motor increased to about 93.02% and 7.57% by
increasing rotor bar mass of motor and stator @itith
method respectively. Similarly, timg of rotor of high speed
motor increased to about 33.02% and 4.77% by isarga
rotor bar mass of motor and stator coil pitch mdtho
respectively. The result reveals that timet rotor is higher
in the increased rotor bar mass method for bothdad high
speed motors.

The changes in stator time of low speed motor indicates
that about 6.63% value of time is decreased by increasing
rotor bar mass of motor and about 9.2%%ntreased in case
of stator coil pitch method. Similarly, time of stator of
high speed motor is decreased to about 3.15% bgadsmng
rotor bar mass of motor and about 6.6 &ntreased in the
stator coil pitch method. It is observed that tigef stator is
higher in case of the increased stator coil pitcthod for
both low and high speed motors. The lowest valué: 0§
considered as time bf Ex e motor for setting of protective
devices.

The rotor bar mass is increased about 51% and 2047
low speed motor and high speed motor respectivebase of
rotor bar mass increased method. The stator windiags is
increased less than 1% and 4.5% for low speed naoidr
high speed motor respectively in case of statot piich
method.

assessment (voltage impulse and high voltage test i

explosive gas mixture) etc.[17]. After that somegpaeters
are determined and important values of these pwence
parameters of redesigned Ex e motors and normadrseis
shown in Table 5. A comparative study of the perfance of
low speed and high speed redesigned motors hasbakso
done and the comparative performance analysisvisngin
Table 6. The studies denote that the temperatseeofi stator
windings of low speed motors decreases less th2bP®.in
both the cases from normal motor. Similarly, terapae rise
decreases to about 7.5% in increased rotor bar wlasseas



Table SPerformance parameters of Ex ‘e’ motors.

Performance 970kW,18pole,6.6kV Motor 2200kW,2pole,6.6kV Motor
Parameters (low speed) (high speed )
Normal Rotor Mass Increase in  Normal Motor  Rotor Mass Increase in
Motor increased stator slot pitch increased stator slot
pitch
Temperature rise at full 44.13 43.98 44 64.99 60.11 69.66
load (°C)
Time tfor stator (sec) 89.44 83.51 97.72 65.01 62.96 69.35
Time tfor rotor (sec) 16.77 32.37 18.04 12.78 17 93.3
Time & for tripping <16.77 <32.37 <18.04 <12.78 <17 <13.39
device of Ex e motor
(sec)
Stator current density 13.21 13.69 12.69 13.52 14.21 12.59
(A/mm?)
Efficiency at full load 95.86 96.03 95.86 96.03 96.24 95.03
(%)
Pull out torque (p.u.) 2.388 2.378 2.288 1.834 3.90 1.716
Speed at Full load (rpm) 330.7 331.5 330.6 269. 2976.1 2966.8
Slip at Full load 0.00789 0.00536 0.00815 0.01003 0.00796 0.01107
Starting current (A) 545.7 565.7 524.5 401.3 1.92 373.8
Starting torque (p.u.) 1.076 0.995 1.006 0.593 D.53 0.566
Power factor at full load 0.739 0.721 0.742 0.919 .920 0.919
Core losses at no loadlron loss of Iron loss of Iron loss of stator Iron loss of Iron loss of stator Iron loss of
(kW) stator tooth + stator tooth + tooth + Iron loss stator tooth + tooth + Iron loss stator tooth +
Iron loss of Iron loss of of stator yoke + Iron loss of of stator yoke + Iron loss of
stator yoke + stator yoke + Iron loss of rotor stator yoke + Iron loss of rotor stator yoke +
Iron loss of Iron loss of teeth + Pulsation Iron loss of teeth + Pulsation Iron loss of
rotor teeth + rotor teeth + loss in rotor rotor teeth + loss in rotor rotor teeth +
Pulsation Pulsation loss =10.60 Pulsation loss =6.83 Pulsation loss
loss in rotor in rotor in rotor =6.83 in rotor =6.28
=10.86 =10.93
Stator copper losses at14.66 15.34 14.65 10.53 10.43 11.13
full load (kW)
Rotor copper losses at8.0 5.42 8.26 23.06 18.27 25.48
full load (kW)
Ratio Starting 4.23 3.53 4.06 2.22 2.34 2.07
current/rated current
(1a/1n)
Total Iron and Cu losses 33.52 31.69 33.51 40.42 35.53 42.89
(kw)
Stator winding mass (kg)  677.6 677.6 684.2 1212.2 212 1266.9
Rotor bar mass (kg) 469.7 709.5 469.7 447.4 539 4447
Table 6 Losses (Core losses decrease increase decrease increase
Performance analysis of Ex e induction motor. at no load+ Stator
Performance 970kW,18pole,6.6KV  2200kW,2pole,6.6k copper losses at full
analysis in Motor V Motor load+ Rotor copper
comparison with (low speed) (high speed ) losses at full load)
normal Ex e motors  Rotor Increase  Rotor  Increase Stator copper losses ~ 4.63% 0.06% 0.94%  5.69%
Mass in stator Mass in stator at full load increase  decrease decrease increase
increased  slot pitch  increase slot Rotor copper losses  32.25% 3.25% 20.77% 10.49
d pitch at full load decrease increase decrease increase
Temperature rise 0.34%  029%  7.50%  7.18% Ia/Iy ratio 16.5% 4.01%  540%  6.75%
decrease  decrease decrease increase decrease decrease increase decrease
Decrease in starting  7.52% 6.50% 9.44% 4.55%
Increase of time:of 93.02% 7.57% 33.02% 4.77% torque
rotor Increase in stator 0% 0.97% 0% 4.31%
Time t of stator 6.63% 9.25% 3.15%  6.67% winding mass
decrease increase decrease increase Increase in Rotor ~ 51.05% 0% 20.47% 0%
Current density 3.63%  4.09% 5.10% 6.87% winding mass
increase  decrease increase decrease
Efficiency at full load ing-é;‘;ﬁ(’e 0% ir?érzel;?e dle'gri?se The time ¢ and W/ly ratio are the prime factors for the
Starting current 360%  3.88% 5.10% 6.85% |nc.reased safety motors. The S|gn|.f|cant value he /Iy
increase decrease increase decrease ratio Is |eSS than the normal motor In bOth thehnés The
Speed at full load 0.24%  0.03% 0.20%  0.10% obtained results shows that the current ratio viduless in
Sio at full load '”Cge;se dgczrgﬁg/e '20623/59 dleocgg/se increased rotor bar mass method as compared teaiserin
Ip at full loa " deciense decromse increase  Stator coil pitch method for both the motors. Tteues of
Core losses atho  0.64% 2.39% 0% 8.05% time & and L/l ratio are given in the Table 7. Thel), ratio
load increase  decrease decrease  value is less than 10 in all the cases and it shoat be more
Total core and copper 5.45% 0.02% 12.09 6.1% than 10 for Ex e motor [2]




Table 7
Ia/ln and Motor ¢ of normal Ex e motor and Ex e motor with increisstator coil pitch.

Safety 970kW Motor rating 2200kW Motor rating
parameters Normal Rotor Increase Normal Rotor Increase in
Motor Mass in stator Motor Mass stator slot
increased | slot pitch increased pitch
te, (sec) 16.77 32.37 18.04 12.78 17 13.39
Ialln 4.23 3.53 4.06 2.22 2.34 2.07
Table 8
Load, efficiency and power factor parameters oEEXV motors.
Load 970kW Motor rating 2200kW Motor rating
% Normal Motor Rotor Mass Increase in Normal Motor Rotor Mass Increase in stator
increased stator slot pitch increased slot pitch
n®) pf. (%) pf n (%) pf. nm(%) pf n (%) p.f. n (%) p.f.

25 91.9 0.333 91.7 0.314 92.12 0.341 91.83 0.87 8691. 0.862 91.90 0.887
50 95 0.553 95.06 0.529 95.17 0.563  95.09 0.93 805.1 0.927 95.09 0.934

75 9581 0.676 9589 0.654 95.84 0.683 9591  0.9336.05 0.932 95.86 0.932

100 95.86 0.739 96.03 0.721 95.86 0.742 96.03 0.9196.24 0.921 95.93 0.914

125 95.88 0.706 96 0.686 95.90 0.712 95.79 0.892 .0896 0.898 95.59 0.881

The efficiency and power factor values are spetifee motors in this paper. As temperature rise of theomaould
various load 25, 50, 75, 100 and 125 percentagtw®iiable be limited and less then the ignition temperatufette
8. The efficiency and power factor of all the metarcreases surrounding explosive atmosphere because of swijobiif of
as load increased in all the cases. The efficiendyoth the power supply by the current-dependent protective
cases (increase in rotor bar mass and increasetor £oil relay/device before time: has elapsed. The motor operation
pitch) is more or less same as compared to normak Ein hazardous area would be more safe. The abovgndes
motors. The efficiency and power factor at 75% loachain Ex e HV motors are operating successfully at théemriint
almost constant in both the cases for low and hgbeed locations of oil sectors in India.
motor. At 100% load, the efficiency increases inecaf rotor
mass increased method for both the speed of maersAcknowledgement
compared to increase stator slot pitch method gmwter The authors are grateful to Dr. P. K. Singh, Dinsec€ESIR-CIMFR, Dhanbad
factor is decreased reasonable. for his kind permission to publish this technicadearch paper and also wish
to record thanks to the Dr. A. K. Singh, Head dadrfiéproof & Equipment

. Safety Lab., CIMFR, Mr. S. R. Prasad, Former ExeeuDirector, BHEL,
6. Conclusion Mr. G. P. Baghel, Assistant General Manager, Mr. Kfare, Assistant
The study reveals that the timeihcreases significantly in General Manager, BHEL, Mr. B. Jena, Manager, BHHhopal for
both the cases for both the motors. It is obsemved the Providing necessary help in carrying out this resieavork.
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