T % FATIEIT | a5 & fag P A% dedr ¢ | g89& g7 T = Aw=x
FAC AR Hies TR T AAIIGIT (AT & § & ot 1 et

SlTal o AFo | mwrgqvﬁ%wfﬂ ATHEX FE
wmﬁwﬁ%wﬁ%%ﬁwwm%

Toll,

Tall

Tolz

farg P& o U &eft YT &1 AT & ST T8 =Ah AT & % Aot
FAA ATHAT FLE FT FATISTHN ST & FAH Hlee HIT dIA &
3 A% & ST 1T © o Sk ATST TI¢ AT & BT § T AoF
AET 9¥ 39 g gt & | @ & uw DC kst Atex #t wrfén
(Starting) e T IUF AE e FT 1.5 AT &l € A afe
AT & U7 HJ HIT F F T AT ATV qUF TS AT F# 2.25
AT (1.5%) g 2

ofiT 9™ e AT (Speed Vs load characteristics):
Fig.3® ws DC farfRsr e & wfie ot sifsreretfors as #t yafia
foram o 2| o § g% T @ F e F 9 e W afie afiw
it & A A1 & de TX i F eidr & | IfF fmamar o a%
T TS TRTAT 9T Y & & THIR & 509 I8 AT AT
T ¢ & oo e #:7 € ar #fie uF d&e 7T A 9 FA
& | gaferd DC st Atex famm aite & agd &7 S=iwT # At et
| 3T ATAFT T TATT FIA THT T ATS 7L & AT I & g& A
T JTET TLF S FT ST TGAT ATRT, TART UhA & o Al
T I H4T 3rEr ferd & g1t DC frfist wee @ gafRa
XA 2|

Fig 3

SPEED (N)

o 1,
(LOAD CURRENT)

SPEED-LOAD CHARACTERISTIC
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afte syt sifweeafi (Speed - torque characteristics)
Fig 4 & us DC faRst atex & #fts syt sivwasfors #f feamn
T & e ST gtar @ fF et & w6 g ax wfte st gt
2| 7E fe o # diee wa (N o 1/0) & FT07 ST & | e
# gfe &1 & wiex stifes e dt & o wfie #7 &F st 2
7% gfad e T % FI0 giar & it DC ks diee 7 &
AT FLE & H &haT 2 |

DC faf¥=t #iteT & sa= (Uses of a DC series motor): DC
farfRst #iew T It 37 STy 7 giar & et oot o1 wfie
ATAYIFATH SATET TRATAA ST & 1Y 07 74T § STef Ave wreT
ATYVF AT T | IoF X0 §T A ATIAFAT Bl & o foree,
e ST &4 i g |

Fig 4

SPEED (N)

o TORQUE (T)
SPEED-TORQUE CHARACTERISTIC

ELN3211964

u% DC ffsr witex % i fRom aRad= & fafr (Method of
changing the direction of rotation of a DC series
motor): AT & a1 8T & wgE DC f&Rsr #tex § sd=w
F Ui faor ST A S ' 8 | T F a ' F e F
STETY HIeE &1 T & TRAA F¥h 377aT = § e 7Radq
F¥% qoie i faom Ft afkafda farar s awar & | dfF afs smgfd
F gaEar § TRAAT AT T av wiee A gaar AT qrHER A
Fe A feom gt § afad gtar € | ford gota & o smfafda
T2t | gaferd wh DC Rt #tee & goia At e diee sreram
AHEE T | qRad" ek aRafda &t s @t 21

% DC faf¥wr /e i # fafr (Method of loading a DC
series motor): T& DC = Atex #T famT ate &+ off y=fera
TR AT =nfed | DC st Atex #7 &fie #t gear @ § @
% fordt & e W) uw fAfvaa Ate TEmT wear € | 5@ DC ks
HieX & UF 9 I AE & IS FY a7 UF (o & IS o
& AT ERT T o1 |aar 2|

SANTITAT H 97 % fort U oY atAan &t uh DC kst Atex
F are & fafyr 9% e g A o awdr & o A= e
ST @ 7

T aderor (e 1) (Brake test (method 1)): 7= T &eft fafar
& o us 9w (S amel) e a1 OF UF ot sftaford g7 1
TE ST & S Fig.5 % AT HieY $ite 9% ATRiRd giar 2 |
f&RT ger S gy e &1 uw Ry gt & e gt € i g@
fafeaae W & awafira gtar e | 7te Femdt St @ i Atex
Wﬂﬁﬁﬁﬁﬁﬁﬁﬁ%ﬁ%ﬁﬁﬂggﬂm
FIC qoA Al el |

Fig 5

BRAKE TEST
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AT W1ﬁ»‘4;rrﬁﬁ?«rﬁﬁ'craﬁ€
Wzﬁmoaﬁﬁ’%v@wmm%l
WW%WW%WW%W(W;WZKQW)STW
9.81 (W1-W2)?12‘rr| 7fg fordt ux sreferme R #iex # & &t wiex
FT I 9 AT T B
=(W-W)R k;h.m
=9.81 (W -W )RN-m
af3 Aiex oTar g0 &¥ rps # &g n &l
Hﬁ?mﬁﬁwg?.':TthZnn watt.
=21 x 9.81 n (W -W ) R watt
=61.68n (W1-V\1/2)F§watt
qAT V= ST dteedn
[ = #e §RT ot 7% AlS 9=T
at faaw stk = VI watt
gaferd garar = fastw | f3wr (Output/Input)
= 61.68 n (W1-W2) R watt / VI

|1 & AIET G a0 Hifgeh 9 a7feh %t TUAT 7ot o & 6
ST "

HP #ifg® = 2nn Tsh/ 735.6
el rpsH #fie ng

WW&WWTh%l
AT Y 917 gedt & <7 7 e fAeafeor e a¥ I AteT &
3137 91feh &k el 2|

ST AU T S S HT ITAT Had SI Ared & fordr
ST @hdT & T gt AIed & ford T FINT S FHAT 1 at
AT &7 fAEeer g7 #f3 ghar 2|

Tg T TE@AT Afwaw Arawaw 2 fF R dter w
de T (No load) Fft oft srrfera wEY =T == |

I T W A sfe fredw gar 21 s dewr /e
TR OHT S99 T UR 9gET 9 % A a
FER F AT F T F [N

A% & (fafr 2) : v Avex g Sere sl &t @ &7 v fawer
u gt & o "ot O " Fea & S & Fig 6 # femmar @
2l

R T ek feree Suerer & Fig 6 # o gw fawiiord & arast
Tust # fRrd €| & agm & Fa & aAFST GUel FT 19 9F §H
o qfRafda frar o awar & o 39E g @ & aifed 7
A% TS T 7 AT & | % 39 § uF fawafRa st e

gt & o uF B gar & aeft Tt €, S 9% W W e A
ST q % AT HLAT 8 | TH 9% I Y& A (e #) AR

Fig 6

Ve,

WOODEN BLOCKS

SPRING
SCALE

T

WING-NUTS TO
ADJUST TENSION

TORQUE ARM

BRAKE DRUMS

L
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PRONY BRAKE USED FOR MEASURING TORQUE DEVELOPED BY A MOTOR

HreT & Aol [T AT TWE R T (L) F [UEES S @ |
dTPEr = ad X g
= e &ts # & gar 718 x (L) Hiex &

Hifgw sreq oifes & e #t Faar R iy & ToET FOE &
TR=87 & =< 5 T A 1| @ S awdr 2|

IS 1: TF THAT UF 9T #1 arwars 0.4m & OF 9 fow e
& Atex fordf av #84 & 50kg &t ao IAT EaT & | HieX gy
I I F4T 2

1kg @e = 9.8 7
ST = qq X TR ()
=50 x9.81x0.4
=196.2 e Hex
FITETT 2: FUX F T § A 9% T 1500 rpm & at Jiex
T Iaw Hifdsw 7 wie ¥ IoET FY |
HPmetric:m
735.6
N 1500
n =rps= —=——=25rps
PS= 60~ 60 P
T, =196.2Nm
HP metric =M =41.9 Hp meteric

735.6
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DC = #iex & sifvreteriors site stgsenat (Characteristic and applications of a DC shunt

motor)

IqAV : 3 U & A A oA faforfaa wRF w A e

» UF DC W= AeY & ATRIe@eron Ft afvta w3
- &z qA™ @it A
— el T AT safwetiw
— afiT ™ et SfeE

» T% DC 7= #ie & IWERN # Ta= | |

7= #/te¥ (Shunt motor): Fig 1 & Sga I AieX § Hiee
F ATHAT AT & T T SATE-T1E FAST ATAT & | ATTATE B
FT AT Hiee T (R e 2| I A I) T+ ifed #3 I
ATYOr FW BIAT & | FH T FAA AT AT TG FrAT F
frft 2 &Y stmavasar gt §| R diee v & HR
ATHAY UF 6 emf IE= FATT ST FLE F Iq A aF diad
F @AM, AT FAA AT HF IAT FIA & ford ATE9qF Sl 2 |

Fig 1
L+ O

SHUNT
ARMATURE FIELD

i ]

L-0O

DC POWER
SUPPLY

ELN3211971

DC SHUNT MOTOR

DC 7= #iEY * g @ie AR (Speed load
characteristic of the DC shunt motor): 3= #ex &
Fffeenr R wfie Atext § famm o € o o=t | g A@ls
& Uf @ie & @t o wiew & e § srfaerg afkada gt 1
fafers @tet v @ftEeor 1 %1 Iw=hT DC Atex &t #fte &t 71
wed % ford faar ST Aear 21

N:%:E—;} (Eq.1)

et

N -rpm ¥ THER # wfie

% - AT Freear

I3 - TF faftre de ™ AR #ie
R, - =Y gfaw,

0 - St T,

K - % faftre Atex & fod ford W,
E - g emf

b

TF I A § VR ,K1,aﬁ'<'¢wwﬁﬁ1m=ra?r§aﬁ?%mr
Wmﬁ%lﬂwaﬁwl FT AW FH Sar &
Siferee s Sera AT & | U S T | R e 1 ST efrei

5% a1 €| ardfas 7 J1Ee AT "ie F o w AR
BT 8, FAEET T S X T At A A FT THT 95%
gt 2|

g% 9% emf FH &1 & T AET T AT & a9 AL AT
AE & Tl AT AF qGT GAT €T a1 & fory 7fa Fde Al & |

Fig 2 & 1gaT U DC 91 Aiex &7 afe-ate sAfsremefrs weiim
FIAT & TF & [ e1dT & [ &fis, I @S & OA & OB %
ST 9 Af3 Atex of wre fasfa #%dt & at =fie 3= & &t sy
g | R g # gfa & #rewr et € | 9% g & &t & gafed
DC 1z Wiex e fre @it wiex #et et &1 gwfrr DC
e AieY o fRe wfte #iew FEt STt 2|

Fig 2
RATED SPEED

| FULL LOAD
\/CURRENT
‘

LOAD (1) —=
LOAD VERSUS SPEED CHARACTERISTIC OF DC SHUNT MOTOR

0

ELN3211972

DC 3= WieX &1 AU a9™ At AfdaarioE (Torque Vs
load characteristics of the DC shunt motor): #te< 215
T FAFT ST ATHAY FHE % UAES HT TN ST & Fh
Fleewerad fRIT & 3R i #e aRad+ & ary aRkafda gtar
21 Fig 3 & DC 91 e &7 AT T JTH o1 a3k {3 war
2 | 3O® F7 T € 5 T e STt AR e |a T aHTgg T
gtar 2|

T T AICT HT CIET €T FA A1S T HT AT 1.5 AT 81T
€ S A€ Hehdl HIAT & o I AIET HT WA @ IaAT Ao
& gt € foa & AR #tex &1 afdw gaer ofie fame
FEI AfUF IOH erar 2 |

et AT Efte stfieneafot (Torque Vs speed character-
istics): Fig4 # t& DC 91 #ieX &1 areh, wfte stferererfors gefia
faFar o € % & wTa giar @ fF eyt § gfy e o e
THIT STt 2| @@ | gfe g ¥ wfie # 9 FH et 2|
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Fig 3
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g
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CURRENT (1) — = S
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TORQUE VERSUS LOAD CHARACTERISTIC CURVE z
w
Fig 4

—

SPEED —=

0 TORQUE —=

SPEED VERSUS TORQUE CHARACTERISTIC OF DC SHUNT MOTOR
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DC =1 #tex &1 15T (Application of DC shunt motor):
fere efis & ¥ & DC o #ieY garaw eidr 81 I8 o%
AR AT & SArawaware # g2 A & 3o s
qrettoe, fifer sfear, sftem #iX Aler ey s |

TF T AleY W FE Fd 0 FHt off e afvaa 1
Tt T IE T Saet § g1 afy 0wy gen & at
TART A AR Eleg F HILOT ST ¥ HY AET A
T FaeATE qRAT q% q¢ AT 2 | qY A W TE
ot gavas fRufa a% saftw @t awdar € 3 s
e ®X g o " )

DC ##sT wtew - @i faswad (DC compound motor - load characteristics)

SEAW I UG F A § o fwAfortad w1 FA AT e

* DC #ied & ATt AR THRT F TaT
» T% DC Fifitw #@teT F ARreeniors Ta= &

o 7% faadT 9t AT & @rfédn aw 3E A v et ®@ T W q |

DC Tifiw #wie? (DC compound motor): T DC #ifirs wtex
F yat | qifod JeT Foae SoTd Fe & ford oree e ey g
e 2id & | T DC T Tefia it U AT JJaT SHeT
ST ST & AT ST dhar 2| gt aaftweer f gaa = &
stifer f3Fam ST Aear 21

ComptTund motor

Commulatlve compound Differential compound

Longshunt Short shunt

Longshunt  Short shunt

d=rt ATk Aew (Cumulative compound motor): ST9r T
DC Fifir #tex #1 fRke dice 50 y&r @i e star @
% orve diee a7 IS T | I8 TEdF gid1 € ST % Fig
1 % fRmmar mar & at a9 @ d=dY FAf Aex F=d 2|

T WHice HATST & FFATE 39t @ 3ie (long shunt) (Fig 1)
X oY 71 (short shunt) (Fig 2) ==t atfs wieT & &7 &
3 fasfoa o s dear 21

Fig 1
L+ O
Aq
Eq
Ay ¢
Dy
% K
D, s
L-O 2
I
CUMULATIVE COMPOUND MOTOR (LONG SHUNT) z
w
Fig 2

CUMULATIVE COMPOUND MOTOR (SHORT SHUNT)

ELN3211982
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4% 0 Aiex & o S R 3191 wiee & & S0 6 FATRN
ve 37T fAfRsT Aiex it wifq giar &, ot ST wieet gy I
TR % TRATT O (49T Fear & | afy 7of s ) AR ofeme
e, o= Ui e & gormT § STfe T 9elt € A 9T Hiex
T AT § IHET LI a7 ATAF ST & AT 37T &ie 7
HIeT & JoaT | STFF FH sl ¢ | fe Iof ats ) e gy
o Rt Ui ot o GoraT § STfe T aITet & af AT AvTsiT
I WieX FT AT F1F FAT & | Al gaeht afte e Jiex &
AT § T AfeF Biav 2 |

o @ig sifvrerenioe (Speed -load characteristic): Fig 3
¥ uw g=dt 3w Awex &1 o e afvresrfie Gemr T
g T gar # ford fafRer e oe Atex oft R m g1 =
Hrex #t wfie 97 Aie A gorqT | fdw &7 Sl & At @Rk
HreT F gAAT # &9 sl ¢ | g% wfie @i a% DC ks #rex
T 9ifa T & Y 78T & W= 2t & d=At Ak Jiex A e
7T % fAfire ofie @ = gt 2|

Fig 3

CUMULATIVE COMPOUND

SERIES

SPEED —=—

SHUNT— f———————————==
MOTOR

|
LOAD CURRENT —=—

SPEED-LOAD CHARACTERISTIC OF CUMULATIVE COMPOUND MOTOR
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ATHAT AR HS Hies TAUT & FRO gY HIE alees g9 &
FRO @S T T § AfF Fmae g |

et dte swfwwAfi® (Torque - load characteristic):
Fig 4 & us &=t 2ifirs Atex #1 #iY ot & ford ke e
I Wed H ARG ATe AfHNaraioe wefia fFm @ 21| g
AE aF F=AT AF AreT § IJoTd T e /e & oT § w7
giar & dfa fafRsr @iex & gomm # atfas &iar €1

Fig 4

- FULL LOAD

SHUNT

COMPOUND
(CUMULATIVE)

TORQUE T

RATED TORQUE

LOAD CURRENT
TORQUE-LOAD CHARACTERISTIC OF COMPOUND MOTOR (CUMULATIVE)
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TAfREd : TR (NSQF @ - 5) - v 3.2.129 & 3.2.124 & 3.2.127 & wwifa Rrata

AT TTET & THT WIET FE FoA AIS FLE H AT 1.5
& St &I & THT 9T WieX I g | IaH e 2|

et afie sifwerenioTE (Torque - speed characteristic):
Fig 5 ® s @Y ifires #iex &1 s wfte sfvreratfors fFamar
AT & | I HieX F Fo T ATS & 61 qgaT ©, 7 FH st
& Afsh ot # g et & | 9% erseye wits efte o syt
% OIS 1 GATISTH STt & Tt A1 e i e & FT=Ha
A e T AT o1 awar sa Afcra foeg & giar & |

Fig 5

\

TORQUE
TORQUE SPEED CHARACTERISTIC OF A CUMULATIVE COMPOUND MOTOR

SPEED
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TF et AR JteY F wgwanT (Application of cumula-
tive coumpound motors): ZE TreXt HT ITART 3T AT
F TETferd FeA | gtaT & omd afkadta ote & srstd sraemsd
fer =fie &t sravasar eidt €1 3T =T agur 39 AuiEr §
AT € | et &4t e 99 39, FALHT, o, fetmwee, €
T Fofier o Uelidex &7 ST ST sravers gidr & | Zfrs
Aqted F I 39 RHfa F of Siar & stet wtex # e &t
AEl & AT &S FT FT FH F1 SAAT @ AfF T & aqrT
FATRRIA & ITANT & e &1 e fe waw # aeraar aidy
| T FATE el § WURTRA Tt &7 TfRade et aret & fordr
& AT & | FH ATl & A FATE @Il B AT Fott HoSTRA
Tl 2|

TF ANE AT F AT G ® Sq q9T wA A T
Tt A T I=F AT I gt 2

farste= 91t wiew (Differential compound motor): 5/ 7%
DC #ifirs #tex & AR diee &7 g0 yare dofora B star
g & 3aer v oI Wite gIRT S W & Ay #¥ar @
ST fF Fig 6 # fRmamam = 2 38 fves Jifis aiex #ed &1

Fig 6

A,

Ay

D,

? e,

D2

L- O
DIFFERENTIAL COMPOUND MOTOR (LONG SHUNT)
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T Hiee AT & SAGATT AT Are & o0 9ie (Fig 6) =i
9ITe vie fava Atex (Fig 7) & Sga Sufarwriord fFam s asar
gl

Fig 7

L+ O

L~ O
DIFFERENTIAL COMPOUND MOTOR (SHORT SHUNT)
e et wiee v &1 fewn o diee woae & fawda et
& W & auY F© qUET 81l & | W % a0 I Hiee Hf
fAfia g & 3 awy @ @ wafd RS Wi @i s
§ T FT 4T TAT8 ST, FH{od AieX #t WG & wrfew & gier
| 19 9T Hiee gt T & WATOA B AT & Fof Foad ot [t
Y 3T Fiee Felahd T A=Y BT & ST %7 & ahar &, fF Atex
A % ford aifed i ol Sere 7 F: 89% | gaiod T8 e
fea star & & aRada & awe faves aifis aex & ks fiee
F Y I FT § MR FF Aiex Taferd & TE & ar aRkow F
fafsr wiee #t afmfod #¢ 3

favtew aiftw wiew #1 sifenafve (Characteristics of a
differential compound motor): Fig 8 & sIgaR fawes
atfE Atex #1 T e srfverafie a8 | war ¢ & e
# gfe gt a¥ e #1 &fie | ghg st & Fifs are # gfe s
TR T FAaE W HAT Bl 2 |

ELN3211987

Fig 8

DIFFERENTIALLY
COMPOUND

. SHUNT

SPEED

SERIES

LOAD CURRENT

SPEED - LOAD CHARACTERISTIC CURVE OF A
DIFFERENTIAL COMPOUND DC MOTOR
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Fig 9 # 5=f¥t@ DC fasae atfirs Aie e #1 AUl ars AT Haeos
3 Fear © & AT # g e o oo | g e |

Fig 9

TORQUE

LOAD CURRENT

TORQUE - LOAD CHARACTERISTIC CURVE OF A
DIFFERENTIAL COMPOUND DC MOTOR

ELN3211989

Fig 10 # vt wfte srfwrarerfor sefia famr m & ot 7= $fm
FAT & & Wit & &t ofiw st 3 & gfe et & oo
=E g | 7 | srfers ofte giar & oY us orrs fafa

Fig 10

T &t &

TORQUE

TORQUE-SPEED CHARACTERISTIC CURVE OF A
DIFFERENTIAL COMPOUND DC MOTOR

SPEED
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DC fasie® =ifiw wew &1 stgovn (Application of DC
diffrentail compound motor): 8 Hte< FT ITANT ATATAA:
AT e I¥ 3HF TEATE FARTY & HIX T: 7Ll gar & | 39
HIeT FT ITAN 39 frfa # @awars giar & 919 a% Tof Ars AT
I AVS & AT T HT GETEAT LT ST € FAE I/ [ A
HrATstt % swiia # wea & o Rstre o maw 21
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