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Improving Motor Protection Using Thermal Model
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Abstract - Thermal relays are sometimes used instead of long time overcurrent relays for motor protection. But, it is difficult
for any relay design engineer to adequately approximate motor heating curves which represent the average of a
difficult-to-define thermal zone. Thermal relays frequently may not provide sufficient protection on heavy overloads.

Digital multifunction relays are microprocessor-based devices. These relays offer highly reliable and advanced protection of
motors. If a situation can be mathematically described, the microprocessor in a digital relay can be programmed to tackle that
problem. Today’s motor protection is accomplished with digital protective relays. Digital relays offer additional, highly important
features to complement protection. The best way to prevent short in motor is to not overheat and degrade the insulation.

Key Words :

Motor Protection, Thermal Model, Digital Multifunction Relay

LA 2 2.8 8

YUt & WYFs S A4YPE Fotel HIES oF 54.1%0Itt 21 REAS7] 8 1A
[1]. 2213 A8 WERse hREe sRsiont. Saut
R0 o= O 80% Folvt Ms7] ®atolnt Akt o 3¢ REAE7IY Ige oy 7K QUoE FefH, o2 IA
3~5%014 Fth12%2] As717} efintth 1ae JoIth= FAL PAEA E= YR 2 R Qo= g 4 Jth oF Y& 3 2
217 Au2]. Ty Asvle &5 7171t e ug A Fole REAY, HE Rl Afds 329 4 2 X 1&
gt [71A Edg 7IAA e 717] ol Bkl HEFoR J21 715 Be 24 5 IFst 0] Atk WEA Qe RX2tuE,
ARARFA g oR AA B fAEE HAl Rote Ao AU e, AAYR 18 58 & 4 Atk tN As57] HSAR
A Lt} B35 OiYstal 245t H57]s0] A" TRE A 71& ol HE 1Ed gt HS7]50] {010k ST
R717F kst QS0 76t A7) HE8 A9 F 3 FEAs7|9 Ab I ORIt SAe S
AdAle ZRo dHles gaohal Ak o d1Ygdsy] HE Qo & 13 Zon, 55] 50 Asr] HdHS 858
Hdelet ORE dsr] HSAZY] A8 dqst 4 Holg 1 BAskE 210l 2 =w9 =FoIth
i A4 9 s2 AAReEN Js7] iR 24 o2
= o] AE8XORE O|8ESR oA} ot © 2 =E& T ¥ 1357 0E 99
SEEHo] ofd WMESIE Qs 2EAST HeHiol £2EE Table 1 Causes of motor fault
L= MOIIZEEAAE Ol8sHH AR, A H FAs7] O
OF JElR RTD So) YHENE o8se A mm, | wswe | 39 3 38
FE, 7IAA 24 vk & QIth ol BEE2 AR mjet TR 59 =g 74, O=AG FoleA =7}
e Hs84s _Zl% CIREA™719] B dae|Eo] olg% 2 e o 2ol Rz} aeAs I
2 MW As7] Hsdse /NAAIAETE

HEEY 46 AeRF L, A7) wd
WS} 49 0

* Department of Nuclear Power Plant Engineering, KEPCO A& 50/51G | M, ShErA

International Nuclear Graduate School, Korea W1 87TM AsTF WE o= 52 A=)

E-mail: ckchang@kings.ackr dadet| 50 | KR 015ER OF L) o)
Received : January 09, 2015; Accepted : February 25, 2015
Copyright (© The Korean Institute of Electrical Engineers 473

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



HM7|&s =g X 643 3% 20154 3¥

22 AE7] E ESHA

Rz7] 1890 712 ZIAFQ Qoly &
=g Zlog FAEglen, o T 1F
5719 Jdy #ol Ari2]. AEE
SR Z= W9 oA BARE G 288
o= IR 2Fo] ME7|9 HAHg AT SYNRE=EIS)
HE g doz wn opz), GASEE 10T Zye oot &
OI5HO] HRAEICH?2,3]. EXFolE B9 LEASS 7HF A
O AiEIgol, FUst HSE QEiME 28 AR =45t
At s rdg o)gg "Qrt ek

)
L
i)
e
=)

rlo
ba

ro
H‘]
o 02
H1 & o

i [0 r2
Lo L

o
o B

ol ~

>
30
=

B
=
ox

211 7l

FEAS719 EAEHACH 7SR Sd2 18 1 9 &t
As7] 28 & T8RPt 227 @8 SHAE =
Rst7] 916t} SA] IHFATZIGDE Atgstal As7] URd
A 5 ds7] AYAOIBIAMY HeAtl HSE flaike &
Al EFRARZ1(G0)E AHSTITH

Thermal
Capablity
/ Running
Additional
Information

May Be Shown

]F_’errlzﬂasiale
ocked Motor
'a

Time
TIME mPalE s = @

~ Starting Current—/ I

| CURRENT |

FL

@ 287 71887t 95 oA

51(TOQ)

/

Safe Stall
TIME | ¥ Time
8

- 50(10C)

~ Starting / |
Current

e CURRENT g 1O

(b) 7 AR Hs5H
O8 1 o8R0 KEdsy] s B 7ISHES

Fig. 1 Typical overload and locked rotor protection

474

Fs7] HEESE Qe SAl BEFAFZ(61) AE Fhset)
S EAROR SF(Service Factor)HC} 8~10% =A AA e
AFsith &, 1.15 SF Q1 B WESHARIZE AREF
(FLOY| 1.25 Hl, 1.0 SFY Z<ol= FLCY 1.15 Hijo] A& 3t
ol FFsirt t, Ms7] ™A %7t RTDo| 98 ZAE=
Ao= WAs717t elg&cke WG 7IA oFdetA HAF jte &
JIAZ 4 ok SR, dEtFlog Aolg #HE ME7] FLC
9] 1.250] WA AFsk= F Eot Aotstojor ST,

tEt 2 PEHSE QS SAl HEF ARG FEAF
(Locked Rotor Current)@] 1.6~2.0 ol AETICHE]. &=V
71SAl SEARIIA HlSH A TR VE0RE Wit gdg B
Alatal AR XS rto] HiEsks 202 s, s
A Msol meE g =4 SHAARNE e e = ATh
BAFYAMY Ff 7|SHAFLROE AES A W] HEIA
(Xd"2 Uhe gt Zrth 2o ety og AHghe 58 F
(LRO)= thEf 6xFLC OJT}. THeF 71590l 80% 2l SHohH,
LRCE ZA¢hol HIEEIERE 4.8xFLC7 ©Lh 0|2 olg&s] 44
e thH] RRPAY] 7S8R s18AIKA Hi= Thg Aoz F1g

- Atk

(4.8 xFLO™, = (6XFLO™M, m

t 2
i:(GLLC)Q = 156 )
t (4.8 <X FLO)

meEkk] grok AAEetolA G& SHAAIZIOl 13 Z(t)Ehal SHH,
80% HtoAl= 156 HIQI 20 FE(tp)7} A HAAIZIO] HEC}

212 B=7] W} HS WA EF

IRPE7I9] WERSoE Al RFAAZIGDY s 1t
HPARZ149) T 7HK 7Y ARV AR ot g5
BSARY|= 4 3H25Hlight overload) HaE40] Y5 HHA
o & 15k heavy overload) ESEHL nO|galth oJo] Hid,
Sl 7 ARV= & WEst Hg §40] 246t dhHo| &4
RS0l E MEst HS(over protection)E = E40] Tt

(ad 2 #Fx).

Rs7] BEESO JQoiA Sl EAFARZI(61)7F A SFA
£ Heot] Qs $5 45 WHRESHARVIU9E IE6t ALS
SH71%E SITh T 71K ARZE A AMSshE Hoh AdE BHS
7} O|F0iZItt. oA = JHA ARVIE @A AFRE E<2
ARZ] BF " AIgo] E56iAY] o] AE2=s EEA AR
=t esdole UNEARYIZ del Hawo, AFUs 2459
A4(index) 2 AFESIAU As719] G o] 1HuA Ze & 7Y
FZE AMgslE ®77]AH Al electromechanical) AR7]9F AR (static)
ARZ|17} Zh= ©R9 HA0] JhsaiEt TIREARY = ds719 3§
AR WHRNE] r8hy HHlg o]g85t @4 AR oF EARE A
S & AL @A ek gt gy 2 o AYE Alsis
AUEFE ARZSITHI).



Time

Motor Limit

TDOC
Relay

Thermal Replica Realay

| Start time
LR |

O8 2 &5 IEsE AFYIQ Al IR AdZIe ds7]
gHs EY

Fig. 2 Thermal overload protection characteristics of thermal
overload and overcurrent relays

ER0] AR Al RRADGDE FHE deT s
dme AMGE 7)50] QQUTh T tlojaRERAA ]k
OREARY S @ 54 2 a7zt a0 wgsio] AE/7 o
ENS dg SEt Ak A9 A AES WA} Jsei o
ol 25t Beto] SARI Agel BARL

- 1=

g WESHAIRZIA9)9 Horlse ¢ ' JiHolth Hs
4k AAEF QARFo WA ME WSl MEF
g5 WHESHARV = 2EHSHE 7ISotAL HEE FE 6=
s0| gtk J2iu tXEARAYoe AtgH As7] &8
(TCusea @ Thermal Capacity Used)S & Ailsto] WREgZ
Z15sk= BIRIAEZE UL o] g2 As7o s2&= AR
719t 7Ikte Fdst Ws7|9 RsidFrt &2 ARA W
AFz dHald o ddsk= Wdagit 7K 118sko] AlLksith
TCusea’t 100%01 EolH EYER7L 281t SAlol AE5717t
A 7)sol 2Qst e SE0] WaddE u7ixl A Vlse EA
Ch TCusea BIAIAE= AZRY] Sto]EEE|ojA ARE 1HRa}
HAH (overload trip curve)E 7IFOE ALEE F&Hg ALt
Ch g5 WRsHARZ= As719 A AR WEsY
(thermal limit)g ZZIido] AlESHK] Lo 1HRs EEYA
Holl wet Fs%Eh IHEE ARV|E I EPAHE As
719 WYEMHOR 7HEEIT TCuea AAtol OlgSH}. HEZFQI
HAITHE AR7|9 1HHE EFAEE AE7]9 WIEEY AHER
Ch WA AAsIH H4E9l Hart o|R0idrt o9 A s
719 Tof dgFol A 71sd BEA B A2 A Jise W
7] Qlsto] 8 BIAAETE AFHLTE A Agsh H4FQl
HS7F BRI Dl 227 Jed, ARV A J1ss 5188
7RO W2 AIZFE THESHAl QFshs Z<OITh

N 1o o

H

| rek

¥ RS o|8F SV Eay

olr

7

Trans. KIEE. Vol. 64, No. 3, MAR, 2015

AL TCuea GIFE F7IHA W Exle O AZ&hE 4
ATE. WFe EPAHERE W79 WEEL ALY Hot==
AFolH o] &2 EAZL sidEtth wRst EFARO = TSt
SHZE on, Tl & iRst EFAE As7|9 WEEY
S2 9 HEl(thermal modeDoll HESIA] Fg o= FEE
e EYAERE ©s £k Utttk JAs5719) gt I
T uporo] desirt,

HE719 ELE seFog 38 & + AU Vs

=

oA He g = k. 5ol ds7] Al A8E=
2 d371 7Is & aEs HEo] mie f&dH olg 7hsslitt
ge 1xb @ 28y 2xF & REo] 9o, Th
oiet ddolct. As7]oiM e SIg2
As7l0l =58 gt 37 Soz It dgo Ao,
T oRE T 2ol HHEN2~6].

O7I1M, C = Fs719 48, T = FFAREE
2ds, I = 457 A7, R = WA, H = & 4aAs
ot Aitdel HIE ol AR 2EE A 99l Fhper
unit = F715HA A (3)2 ot do] WEHEL.

d7it) ffutcdb’;
— _J(zt)H];nax T(t) (4)
B o= o

T®) = T'(t)/Tmax = per unit temperature

I(t) = I'(t)/Irated = per unit current

Irated = rated current

Tmax = motor temperature at thermal limit trip condition

Tlrip
TRIP
T

Heat Source CA H é
2R 9
Motor Heat

Dissipation

38 3 fedsY] 1R & B
Fig. 3 First order thermal model of induction motors

o

R= HT]
A AL @ A G ZO] T & & Aem. A B B Al

newol 3AERN PAL P, R= AT, OITh Tk

475



[l

7155 =& 64 35 20154 3¥

H4E olgst A A s ¢ 2HEA siMo 018 Frh 7(t) = SFpu’C] (©)
Al (92 A) ol5HH ;
dgtt) 2t)— 10) ) CHAL A1 (9 Al (Dol sk
-
Al (e A=Y Bil(steady) T3 T A MT (single =7+ n(5—5) (10)
time-constant) HE0] & S-S siAst=n AFRELCE A (B)
= A A9 n2egAloz = okfiet Lttt o] B3 RE9 Z/@AE [, = 0 0|3 SF = 1 olgty s
Al (11)o] =},
b b
TW) = [y ee "+« (1—e 7) [pu'C] ®)
t)=r1- ln( ) [s] 1n
0i7]Ad,

Io = Per unit initial current . .

. t(I) = times required for the motor temperature to reach

I = per unit motor current(a constant) .
. . thermal limit at current I

T(t)= per unit motor temperature rise

T = motor thermal running time constant B
[ 3to] & AL Taylor Series TAFK] Fol= HAlS A &sHH

HEA 1Y 0 @ myo] @EEAel olE i el A ) (DS O 2ol TS =t A,
A 6

de Aits] flsl )e s A (7)o] Aoz

_t _t
TM) =} «e "+I—1Ie 7)
: [EEE C37.112-1996[10] w+&olA= 4] (12§ S&3l0] &

=e (L-r)+r 5 EYARE ool 2ol Bl alirk
,L% B T(t)7[2
¢ T a _p A
Lj-r I= TDMX[———+ B 13)
t )12 (T)”—l
— =l vk
T 1[-]7[
) n[ L=r ] 0J7|A, T= operate time (in seconds), TDM = multiplier
7(t) - I* setting, I = input current, I,x = pickup current setting, A,
[ —(p-r) | B, p = constants
—(1t) - 1)
n r—r | @ ¥ 2 [EEE WIS RFARY] EGAR 4
t -
—1t) Table 2 IEEE Inverse Overcurrent Trip Curve Constants
CH B3, 4 (D2 B9lpw) SR8 T of Zols A WPECORVESTAPE | A | B | » | ©
Ht E AV 2ERI) AEFEFD I8 € 28 AR IEEE Extremely 282 | 01217 | 2.0000 291
A9 e UE Eoh Inverse
AE7]9] SF(Service Factor)S 0]28MH AE=7] B30 47 IEEE Very Inverse 1961 | 0491 | 2.0000 21.6
Jgst Al ¥ 1 2~ 0) S| IEEE Moderatel
=88 & Sl 4 (N5 =o st Al = ATk skel @ oderately 00515 | 01140 | 00200 | 485
Olo] wEM, SFxFLA(Full Load Ampere) HL} 2 AFE= ipg [nverse

o AFE FED 018 Y99l AR t 9 As7]9 FO) pu

SEdE TOR velerd - B, 4 (108 B O VS S

T = (SF-Ius’ [pu’Cl

)

r
tH)=1- ln(ﬁ) [s]
B, fui - 1 pu OBR A] Al THe} 20| g !
= )
=—7eln(l—2x)

)=—71+1n(1—1/7?

476



071, x = 1/r* 0|1, m(1—-=)&
0] Taylor @75t &S 270 & F st

>

= 0 ZXAOIA] xol That

)

P

In(1—z)=In(l)—z=—z, z<1

IgER

2

t([):[i, ’>1 (15)

o] Flo] ofefel It W3 EYAE galo] HTH11].

100
)2

T= TDM x| ] (16)

7
( 7,
0i7]M, T = operate time (sec); TDM = multiplier
setting; 1 = input current; Iy = pickup current O], TDM
22 0.01, 0.10, 1.00, 10.00, 100.00, 600.00 SOIC}.
SEA WY E4AH(thermal limit curve)s QURZ HHAE
= o] BA| 7HsslHE It A8V "Hohad 5 J3%).

23 RE7] I HS ARESH ALt

231 71 NERS WA BAE

/
[/

TIME IN SEC.
=

M U pEa-m

Hou e oaam
[ 11

10 4T T T T
1.0 20 3.0 4.0 5.0 6.0 70

Ist / In ( P.U )

A: Hot Condition
C: Rated Voltage

O8 4 A8 AR-EF B 9S8 AE

Fig. 4 Time-current and thermal limit curves of Induction

B: Cold Condition
D: 80% Rated Voltage

motor

e

1o

ojgst M7 234

olr

W

Trans. KIEE. Vol. 64, No. 3, MAR, 2015

ofd®E AFZIoAE IEEH EEFHH (overload trip curve)
o] gAjol 1FEO0] YCH(EL VI, ND) AAAZHTD) T FFE
S g HoIQlt HHo|, TXNE AF™Z= [EEE ¥ IEC AR
ol A®Z] AMEAY MEsts 179 et EYAEY
7¥s6ta, AE719 & Hd(thermal modeloll RgatA =
7Fsolth SHAEL AE7|9 @ HEg gA] EohH o9 &
7158 g8 + qlth a9 4= 6,6 kV, 3000 kW REXS
o] AIRF-AF EGABY] ofo|tt.

J% 5= SAF TIREARZIY HSHEAE AHHEOW, As7]9
NAHSE Qo Al WRFADZI(6DQ & IHRESHAR71(49)
ZEet] AMSSITh2.2.2 &X). SHAIEL ARV HSEx A
of =719 AIRV-AF AHQ} FAA} Safe Stall Time(hot
and cold)2 ZAIEO] AOLE, - RHstator)] WEEH AHE=
BAIEO QA FT} &, HSEx AH Ao7 Ws7] BIHS
ARZ17F R R FEEJEA & ¢ fle BA/FE0 rh

N orlo o oo
o

[T

Amps X 100 BU3_cexV SWGR 241 (Nom. k\V=E.6, Plot Ref. kKv=6.6)

- = m o e me - | s -
-

- |

]
=

AER-11 1 CEL_6 Sl SWGR 24 = =
fits f=o.Y Aol

Pickuz = 083 02 - 1.3 5£T See)
Hasbrg Tira Cosstart = 11.8 ﬁ'
st P (Eng = 152 - 3

B.5F 230(1-100%

I8 5 A&718 UNE HEARY] BREEE AR
Fig. 5 Digital motor protection relay coordination curve

232 @ nde o18% Heds A

iz

Oee &7 Al sdet 1 REAs7I0) TOE MAAE G
ALYl TIREARYIE AREH @ BEE A&s10 NEHs 4
se /idet Aot 24 3719 € REg HeHE AH
of A&sty] flstol Chaat &2 Ad #¢lo] FQsith

477



HM7|&s =g X 643 3% 20154 3¥

Motor Thermal Limit Curve
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