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The output power of the motor

- TN _ 78x1410 _ KW
9550 x 1 9550 x 0.78
T = T _ 781710 ~- 825 N.m.
xo  g78x "~
1410
P, 1476

in

The input power to the motor = P, = — =19.635 KW
n, 0.75

P, =~/3 VIcos¢
I = 19635 = 36.5 Amp.
V3 x 380 x 0.82
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Cad (ABBY cauad oylade ey I (Ve mL planyl JIocore s KE adyd e i csaas
)8 el L Ddlge JWET dawls (Jladly daall )y e JSoy (Jrdill Uges ol Dlse

«ﬂ):nl‘ )\,333 4&\3}\1&_‘\4 &ibai‘

_ 5 :—30 =1.0 m/sec.
t 0.5x60
P - F.v _ 5000x9.81x1.0 _ 511 KW
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L™
51.1 % 1000

= 111.5 Amp.
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J = (GD%), 10 0.2548 kg.m.sec’.
4¢g 4x9.81
®, = 21N, _ 2mx1000 104.72 rad /sec
60
E = %Jm > = % x 0.2548 x (104.72)" = 1396  kg.m.
E, =1396 x9.81 = 13695 Joules = watt.sec.
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p 3
The motor torque=T, = 9.55 x Y —g 55 000985 g0 55y )
n.x N_ 0.8 x1200
P —o T, =2 Na,p 201200 0033110370 W = 11037 KW
60 60
Thelinecurrent =1, = R 110370 = 259  Amp.
V3 Vocosd /3 x3000 x 0.82
Lo _ 29 =15 Amp.
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N, 17.18
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(GD*), = {(GDz)m + 365 WY } (sz)]

3000x (0.9) 60
2 + 2
(720) (41.9)
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(GD?), = 365 x——— = 365 x : - 1424 Kgm’
N2 (700)
(Gp?), =(GD?), + (GD?),
=1.1x12 + 1425 = 155.6 Kg.m’
P = 26 KW = 1o Nn
9550
T, = 50 x26 _ 44 N.m.
700
T, = 2x355 = 710 N.m.
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Power required = P(W)= F(N)xv(m/sec.)

P =20000x 21000 L 5704 KW
60x60 1000
po=F _ 2778 a4mn kw
n 0.8
The motor current = —2— = 347.2x 1000 694.4 Amp.
Volt 500
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50x1000 1 _ . W

P =4000 x9.81 x =
60x60 1000

_ 545x1000
746
In the case of DC series motor P oc ﬁ

.. The power required = 730.6 x % =816.8 H.P.

P = 730.6 H.P.

In the case of 3 — phase induction motor P o« T

.. The power required = 730.6 x 5000 = 925 H.P.
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F, el dss yod daglall 543 e Cdanll Loy 5 gall

F, PPN I UTRY P L T S PP P L R O V[ P%:A

Lyea Ul 2 Jaxiad Ll 5LaY1 ¢ BUI ol HUaaN sgno Ul 2. Jaxiad L sl 5,L0Y!
S g giuall HUnazll

rgobedlt L350 & 98l Cliw
bl dad cilsoy (350 W Lgddgg alpasheso M Lajlude Ao e (590 Fo o 353 )37 13
ol @ Zldl Slas|
F.=m.a =(W/g).a Newton
eyl Ggtio g iy ymill il yoma g joladlg ol Jio ¢35195 23T e (ggima HUadll 0T La
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F.=m..a =(W/g).a Newton
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ol o0/ de L/ yreglisn s gy Laally lally Alesntl eiles 13 Ll «oy3uills 93 55301 il g

Fo=()- me)x(V:++/¥1++)a =YWA M. a Newton
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F;. =m (tonne) x r (Newton/tonne) =m . r Newton

s e ¥ Ludland] 818 Sle cdantt Loy 5 98 Ciliws
0 e Lglpu |ydomia taay HUadll oles 13
F,=Wsin0=m.g. sin
ote o[y Jem sl gsiadl Ju il Laitl o C calss 15l
C%=(Y/X).y-+=)--sinb
Fo=veeem.g. C/Hh--=aAaym.C
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F, = F,+F, = F,
Fi=ywAim..a+m.r %, Ym.C N

Jud Lgie e C g 108/ Le L/ yiagligndly ¢ 5Leatlly oylalls sl il g o y£026 cllind oy

LYy LU gsiaell Tielin Ul ¢ypems Lasie Jostead L sl 5,L8¥1 o/ cy3gtl T 5 (gl

0T gians le HUaEN s Lasie Fy =+« S5 gsionall Lnyla HUasll (55 Losie Janios Lol
S yautf cuudf gt AS 2k 13yl

Gl yoeill i glall 55l (1o L1/ yie V A0l de yas yiear HUazl oyles 1)

P,=F;.v watt
ielo/ yiagheesnIl HUaal de pow cilss I3l
Po=F..(ve-o/v1- ) v=F . v /v watt
sl ol yma (e Dgllall 550G Lo gyl Fouis :laso Lo ) colss 13
Pn=PJ/n =F.v /v watt

/yiaskds ¥ golas V1Yo Jile syl Taclos digmym sy (oo Yo+ o3 a3 s oLy Jlia

syadatly Ul oia 2 Loy ;o1 543 Hluda as ol Lieli/ yiaghss 1 dic yuw cdin g i 40l/dc b

0N/t Hlaall igoyod Lue gill daglall ciles 13 . goltl 5y Llgh wie clyymill Codlpnd Loy
oSl (38l e V7 g sl Ghsll

a =2 Km/h/sec. m = 240 tonne

m, = 1.1x240 = 264 tonne

r = 50 N/t C:LXIOO:OA%
250

The tractive effort required for train
F=2778m,.a + m.r + 98.1 m. C
F = 277.8x264x2 + 240 x50 +98.1x240x 0.4 = 168096 N
The tractivepower required for train
F.v 168096 x 60

Po = = - 2802 KW
3600 3600
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d 2T
T =F x— or F = n
2 d,
T :F[><2 :n><F1><i or thz—T and F = 21
2 2 D nxd,

d
F= Fxnx|—=
- rene(®)

d 2T d T
F =nxF x| 22|=nx—2x|—2=2|=2n0c =2
()2 () 2o

d, D
W aalatl callas Gsd sl 0l Lle clgie Bnlaia¥l smey il ol 593 Layd By
F.= Ua . \\% :uag\..u'aﬂb)w‘ g._&.d\j_\gj_)ébal"ﬂ dﬁL’.ﬁg.LCj

Blait¥l Jalas X edlondl 358 ol 31 ¢yhedl = cedloudl BY 350 (g difman yomll g3 ucad]
Fi=p, . W =p, m.g
olall ientl ciles (3ls

Fi=1+++ %981l %y, m=4aA - g, m Newton

lacls Osfmadl (o difmym sty <l e danyl daclgy <yt oo Yoo oy slhad : o]y Jlie
Bytis Jugad i el 15 Ldeli/ aghss §Y die yow Juadd 0B ¥V Gyatilg Vi A JSle o]
Wl e Vo7 aoe st gl ce N/ HUasl Aoy die gl Laglall (AYZ dSelisag Yo wgyd]

L yme JEo e aIgill ayall Hlade anl. @AY ¥l jhad el

a = AR ﬂ = 2.1 Km/h/sec.
t 20
=1.1x250 = 275 tonne

mC
C = i>< 100 = 1.25%
80
F =2778m,.a + m.r + 98.1 m. C
F = 277.8x275x2.1 + 250 x40 +98.1x 250 x 1.25 = 201054.5 N
2nGT—“‘ or T = FxD _ 201054.5x0.92 _ 28729 N.m
D 2no 2x0.92x 3.5

Torque/motor = 28722/4 = 7180 N.m
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Yo gyl Boaio Jigd dpwd calss 13] vei e (Ble ggil el psmadl (o dEmym
ool oyell e V7 auie il oyelly 0 N/t HUAZI d€o ot Luc gill daglally 47 dielacs,
el gl A JI HUadl de pw Jual S5 A a3l ol o 40 ¥ gl LBy
#obecidl 33 LT &yl | 5L el cA07 &yl 3elagny ¥o ooV jitall aga oyles 1)

Ft:211cs&:2><0.9><3.5><M = 224000 N
D 0.9
C = 30 x 100 = 3%
1000
F,=F +F +F
F=F +m.r+9.1m.C N
224000 = F, + 250 x50 +98.1x 250 x 3 = F, + 86075
F, = 224000 — 86075 = 137925 N
F = 2778xm_ x a = 137925
137925 137925

= 1.8 Km/h/sec.

2778 m,  277.8 x 1.1x 250
Time taken to achieve a speed of 80 Km/h

t =" = 30 = 44.44  sec.
a 1.8
1000
"V 3600 1000 80
Power taken by motors = ————— = 224000 x( j X = 5856 KW
n 3600/ 0.85
Total current taken = 5856000 = 1952 Amp
3000
Current/motor = 1952/4 = 488 Amp.
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S = area OABC
S = area OAD + area ABED + area BCE
S=S5 + S, + S,
S = lemx b + V, x b + lemx & Km
2 3600 3600 2 3600
Ll o Y )] + ixv <t
2 3600 3600 2 3600
_ VY t—1+T—t1—t3+t—3 = Vo T—l(t1+t3)
3600 | 2 2 3600 2
S = Vi T _Vn l+l
3600 2la b
et K= L[LyL)_2a+h
2la b 2ab
S = _Vn (T-K.V,) or 3600S =V (T-K.V,)
3600
LKOVE - VT + 3600.S =0
+ 2
v. - T+ T2 — 4K x 36005 Km/h
2 x K
Taking the nagative sign only
f— 2 f—
v - T JT? = 4K x 36005 /b
2 x K
1 2
Vo = T — |/ T? - 14400K.S Km/h

Y Legin Galedl cuibame oo delod/ ieshds 1 Laylade idacgie iy yuen old o[ v Jli
Lol/ de b/ yiagisoV A oylade cold golu HUadll jrw dame J5o 2 406 Yo cadgg «iaghss
Led ol Jalyall 5y38 o] L5B/ie b/ yiaghi€s T oylate call juainy (polull 5y L3
S cals (e 4 il e el imia o ool LS Lgal] Jumy | £gandl de puadl

ezl il eyl Linsl e
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V, = 36 Km/h

a=18 Km/h/sec. and b =3.6 Km/h/sec.

distan ce between stops

average speed = .
actual time of run

36 :2 or T = 2 = 0.0555 Hr = 0.0555x3600 = 200 sec
T 36
K = a+b _ 1.8+ 3.6 04167
2.a.b 2x1.8%x3.6
v, =L [T-T°-123400K S |
2.K
V. - [200—\/(200)2—14400><0.4167><2 = 39.6 Km/h
2x0.4167
Schedule speed = dis tan ce between stops 2 _ 3 Km/h

actual time of run + stop time - (200+25)/3600

Yo Legin daludl cuibame oo deble/ ieghids ¢+ Lasloe iwlas iy oo ld o[ e Jlie
Lol/ de b/ yiaghiss Y oylude cold poluin HUadll i ddaxe J55 2 4006 Yo (adging «yiaghss
e ol . Jalyall 5y3 oLST 100/ de i/ yiaslis Y0 oyluade cali yuainy cpoluall 5,50 sl
SV Call oyt il (a3l eyl imta o byl LS L] Jumy il (65l e ol
EUNPIE PO B0 VPR R (VPO

a=2.2 Km/h/sec and b =3.5 Km /h/sec.

dis tan ce between stops
actual time of run + stop time

Schedule speed =

40 — 2.5
T + t
2.5
T+t = E = 0.0626 Hr = 0.0625 x 3600 = 225 sec .
T = 225 — 25 = 200 sec.
K = a+b _ 22+ 3.5 _ 037
2.a.b 2x22x3.5
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v, =L [1-/T-14200K S |
2.K
V. o= 1 [200—J(200)2 — 14400 % 0.37 x 2.5 ] = 493 Km/h
2x0.37
To draw the speed time curve , find:
t, = Vo = 493 = 224  sec.
a 2.2
t, = Vo = 493 = 14.1  sec.
b 3.5
t,=T —(t, +t,) =200 -(22.4—14.1)= 163.5 sec.
dis tan ce between stops(Km) 2.5

average speed = _ = =45 Km/h
actual time of run (Hr) 200 /3600
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% = N, where 1 for the motor case , 2 for the generator case
2 2
T = Bl B, L, N.m.
0‘)1 (’02
L= Tx® o Tx® —10x081x 2™ N0 L Amp.
EZ El El
[, =19x 981 x 220 1 o404 Amp.
60 215
, =V+I,R, =220 +104.4x0.04 = 224.17 Volt
N, E 224.17 1200 r.p.m.

=N, =2 = 1150 x
E
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The back em.f.= 0.9x 230 = 207 volt b
The max. braking current = 1. 75><5§r 94.5 Amp.

The totalresistance = R, +R = = 2.19 Q I

The additional resis tan ce = 2.19—0.38 =1.81 Q a
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T oc 1
Fullload torque B Fullload current

Initial braking Torque Initial braking current
O = 2N = 62.8 rad/sec.
Fullload Torque = LS = 18.4x1000 = 293 N.m

) 62.8
130

Initial braking Torque = 293 x 95 = 401 N.m

Lanludl 598t Lad Lianl daugs ¢ Julsad! Joadl sie Lgiad cawnd I olheadl de yuw daigh Loie
el Jeod! e Lgiag® Caund ] dpeusmall 150 ye=a!

When the speed has fallen to half its full load value,the back em.f. also

falls to half of its original value ie. = % = 105.25 Volt
The current = 220 +105.25 = 98 Apm.
3.3123

Electric braking torque at half full speed = 293 x % = 302 N.m
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Full load current

I, = 200 Amp.
Ter minal voltage = V = 220 Volt
E,=V-1_.R, =400 - 200 x 0.1 =380 Volt
Voltage across the armature at the instant of braking =V + E,
= 400 + 380 = 780 Volt

Resis tan ce required in the armature circuit to limit the current to 130 Amp.

- 260
300

The external resis tan ce required in the armature circuit = 2.6 — 0.1 =2.5 Q

T oc I,
Fullload torque B Fullload current
Initial braking Torque Initial braking current
o = 2N = 62.8 rad/sec.
60
Fullload Torque = P _E.L 380200 1209 N.m
® ® 62.8

Initial braking Torque = 1209 x % = 1813.5 N.um
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