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2. S HE7|9 7| A ER3

258 MY 3| MEENX] 7F5A1717| fleliMd= 7153 a7 ELQIVE Rt ELQIHECE
ACHS| ot stch &, 1otM B5HGD?7F 2 BsHE 7|SAIZ 29 ERQTV 2 MEY|E
oz sict

MZ=J7| EQ3 >> Bt EL23

3. 7|8A &4
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A Z|sSAE 7ot ERQAVE EXGER ST At Edsts 42 AV gECt: STt

—

W =W x M
S S T

a

W, 25t E232 1a{s H2o| of x|
Ty - Ms7| EQ3
T, 75 ER3

MAtol|= ol &2 £4Ao| gy st
WSS :WS x
RZ
W' - DH A AHMof| 2 sh= ol L x| [Ws]
Ry : SF MG DX} AHAM XHE
Ry : of MG 3| ™A HM XHE (1 AF 2HeHR])



4. 58 MEI27I1EM

>GD?*xN »J xN
= [sec]

t, = — = —
375%x T,[kgm] 9.55x T,[Nm]

YGD? : MEI|E0 2 sAe Bt ME7| 3 ™MALe] MatA ZHE [kgm?]
JMET|Eoz A5 B5tet MSY| 3 MALe] S| Che| MEA ZH E [kgm?]
N: 715 2b2A12 S| MEE [rpm]
T 7F% E23 [kgm == Nm]
MAQ 7| SAle] H 7t E@ 3 7{E2kx| = Ct=22f 20| it
T.+T
T =08(°__")-T" _
i B Lo T E EE Ret E23
155 9 ot E239 Jl2X| = ci51f 20| ZH- gt
1) MEQRD 23510 42, /IS B EQAJN T, U L2 42 T =T,
2) 2SIEL3J} s|MEE ol 2 Sof H|E| 5t §ote 5
a) 71&% B EQIJIT, o 42 A2 T, =0.34T,
b) 7I&5% B EQIAVIT/2 W Z2 AR T, =
0.17T,
e |2 U550 M7 sotes Ms7(2 A MUsHAH HEJEHRS
2 ESIERAVIE B MS7|e 7|s=s A0 M AR /o2
MS7|E AMESHAL AMEYE MS7|E AF25H0{0F SO},

57| A 24

ol

1) Stator Winding

AV — (0.87><Ia)2><3><R1W Xta[OC]

culs CxGyyx(1.0~1.5)

l, 7| ST =7

Ry - Stator AM X &t
Gout - Stator HM 2| Copper &
ta 1 71 SAIZH

C : H|& (Copper : 388, Al : 897)

1.0~1.5 : Factor for Temp. flow from coil to core



2) Rotor Bar

SGD*: MBI 522 shatsl
F S7|15E [rpm

" Motor E23 H#X|[kgm E= Nm]

25 ER3 WX [kgm EE= Nm]

: H| (Copper : 388, Al : 897)

: Al Bar + 1/2(Ring &)

FA @ Reducing factor for Temp. rising at starting

® 0z

6. 7| & S (Starting Capability)

1) Cold Condition oA 2| 91z 7| & 7= sl

350 — (ambient —temp) _ n[times]
AV

cu2s

2) Hot Condition ollA 2| Y& J|& 7t &l

350—(hot—state-temp) ... .
AVCUZS

7. Thermal Limit Curve

ol

n 2 stH,

mjo

Rotor #EA| AZHE 25 &S5

i
d

1) &ALl (Hot Condition)oll A Motor 7 A

350 — (hot — state—temp) _ Afsec]
Y

%, Rotor 5 A| G AMEfO| M= Motor 7F A sec

i
b

2) AN (Cold Condition)oll Al Motor 7} A€

350 — (ambient—temp)  5roq
2

%, Rotor & A| W ALEROf| A= Motor 7} B sec

g% sict

A4 glc

=T

.



<Example> 7|8 600%,
HOT 2tEfioll M MOTOR 7t AE = U= AIZHA 1 9 sec

Time COLD 2tefiollM MOTOR 7t A2 U= AlZEB 1 11 sec
(sec)
Ia / In 2
@ ( ) x A(orB)
6
at cold condition | /1
7| = A|ZHsec) at hot condition ® ( Sa—”)2 X A(OrB)

la/In

1 2 3 4 5 6 ® (Jﬁ—lﬂw)zxA(orB)



<Exercise>
Motor GD? = 72kgm?, Load GD? = 2200kgm?

Torquel[kgm
Current(amp
1000
694.2 A 700
681 kgm
Speed—Current
800 Curve 600
700
Speed—Current 500
600 Curve
>/ (470) \ 400
200 453,
369 kgm 300
347 / 350 kgm
Load Jpeed-Torque Qurve 046, 500
200 at Valve close condition 206 kom
\
140 100
35 (67) =
16.7 50
200 400 600 800 1000 1200

Load Speed-Torque Curve Speed(RPM)

at Valve open condition

1. 7| =AlZHStarting time calculation)

>GD? xN »Jx N
= [sec]

t = — = —
375 x T,[kgm] 9.55xT,[Nm]

1) Pump valve close condition 0l A 2| 7| SA|Zt

(72 + 2200) 400 400 400 ) 19.17(sec)
— X =
b =""375 347 —16.7 453.3 — 80 700 —246.7

2) Pump valve open condition ol M 2| 7| SA|Zt

(72 + 2200), 400 400 400 ) 17.68(sec)
_ % ( + + =

b2 = 375 347 -16.7 453.3 — 50 700-140




2. 7|sAl B2 &5

1) Stator winding

AV — (0'87X|a)2X3XRlW x ta[OC]

culs CxGy1%x(1.0~1.5)
_ (0.87x694.2)2 x 3x O.1921X18: 39.99[00]

388x 203.2x1.2

culs

2) Rotor Bar

YGD*xN° T,
AV, = 1 X _T'V' __x 1 x F[°C]
730 T, -T, CxG
(72 +2200)x1200° 470 L 0.65 123.2( )
Ach 2s = x % X = OC
730 470 — 67 388x (62+9.1)
3. 7| = =2 (Starting Capability)
1) Cold Condition oM 2| & 7|& 7ts 3¢
350—(ambient—temp) 350-40 >3
=2
AV, 123.2 Ths
2) Hot ConditiondlM 2| 91 7|5 7S 3l
350—(hot—state—temp)  350-105 )
13 7ts
AV 123.2




Staring time & thermal limit of Induction motor

1. Starting torgue of inductin motor
To accelerate the load(Fan, Pump, Blower...) to the rated speed, the torque of the motor
should be much bigger than the torque of the load during acceleration. Especially, in case of
accelerating the load with large GD? like the fan, the motor with high torque should be
applied to accelerate the load and reduce starting time.

Tor f motor >> Tor fl

Ta : Acceleration torque(T,= Ty- Ty
T, : Rated torque of load

T.: Torque of load at specific speed
Twm: Torque of motor at specific speed
Ts : Starting torque of motor

Tou : Pull-up torque of motor
Tm - Maximum torque of motor

2. Starting time of induction motor

>GD’x N *J x N
t, = — = — [sec] ,
375x T, kgm] 9.55xT,[Nm] 4J = GD

GGD’? : Load GD? referred to motor shaft plus motor(rotor) GD* [kgm?]
> J : Moment of inertia of load referred to motor shaft plus moment of inertia of motor [kgm?]
N : Rated speed after acceleration [rpm]

Ta: Average acceleration torque [kgm or Nm]
3. Thermal Limit of induction motor
when we call "n" as temperature rise value of rotor per second at rocked rotor condition,

1) Time for which the motor can endure at hot condition

350 — (hot — state —temp)
v

= A[sec]

That is, the motor can endure rising temperature at hot condition when starting.



2) Time for which the motor can endure at cold condition

350 — (ambient—temp)  5rq
Y

That is, the motor can endure rising temperature at cold condition when starting.

Let suppose that A and B are 10 and 15 seconds repectively at full voltage starting.

Time Thermal limit
(sec) I, /1
® (L*_")* x A(orB)
6
15 at cold condition 1. /1
N @ (_* ")*xA(orB)
10 at hot condition 5
Ts
- Time current *
la/In
1 2 3 4 5 6 ® (La_lLLF)Z x A(0rB)

l,: Starting current of motor
I, : Rated current of motor
Ts : Starting time

The thermal limit curve should always be above the time current curve. Unless otherwise,
the rising heat will give the motor bad effect.
Staring current at Star-Delta starting is one third of it at full voltage starting.

I;(star-delta starting) = 1/3 x I;(full voltage starting)

Thermal limit, that is the rocked time which the motor can endure, is reversely propostional to

the square of starting current. Namely, when applying star-delta starting, the motor has 9 times

of rocked time at full voltage starting. In other words, the motor can endure for 90 seconds

at hot condition and 135 seconds at cold condition in case of applying star-delta starting.
Thermal limit(star-delta starting) = 9 x Thermal limit(full voltage startin

Although thermal limit curve is above time current curve, frequent starting will effect
the motor badly. HHI recommend that starting frequency is within 5 times dalily.

<Starting time of 90kw 4P F.D. Fan>
Under the condition of closed at 15C and star-delta starting, the starting time is about 45 seconds.
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3. 7|70 2lgt 7| S (Auto-TR7|SH,2=1}7|5)
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d REMEI| 7|4 Hln
7l 4 CHX} M 9 s EQ3 78 HR
HEY 7I1SEYIS) % T, I
1
Y-A7|S V x i T x E I x_
3 * 3 * 3
a a
a=a%El Vx(1-_%) T - %y I x@-_%)
100 ° 100 ) 100
2| HE7| & a=35%%4 V x0.65 T, x0.42 I, x0.65
a=50%% V x0.50 T, x0.25 I, x0.50
2 2
a=a%H V xa T, xa I, xa
a=80%"H V x0.80 T, x0.64 I, x0.64
7|1 SRAT]
H (Auto-
TR) a=65% V x0.65 T, x0.42 I, x0.42
a=50%% V x0.50 T, x0.25 I, x0.25




B3 HS7| 7ISHE AU 7S M At SHEET

ME7| GD? 1.86 kg.m? JEEQRI(TY) 150 %
235} GD? 52 kg.m? | HERI(Ty) 220 %
AN=(Ns/5) 720 RPM HMAE3(T) 24.59 kgf.m
AN'=(Nr-AN*4) 685 RPM M7 &4 90 KW
Nr 3565 RPM I 2 P
Fopg 60 Hz
Tap | ZISAI(N=0) N=0.4Ns N=0.6Ns N=0.8Ns Z o T LA |71 SAIZHsec)| 7187505
253 [kgf.m] - 1.50 1.80 4.32 7.80 12.00
MAEF fd] HtEI[%] 6% 7% 18% 32% 49%
A 7ls8A ET[%] 150.00 120 120 135 220.00
MMM 7| SA EA[kgf.m] 36.88 29.51 29.51 33.20 54.10 17.17 =S
Y-A 718A E3[kgf.m] 12.29 9.84 9.84 11.07 54.10 75.21 7|&7ts
Y-AZ|EA E3[%] 50% 40% 40% 45% 220%
80% Tap 7| SAl E3[kgf.m]| 80 23.61 18.88 18.88 21.24 34.62 29.87 I187ts
80% Tap 7| SAl E[%] 96% 77% 77% 86% 141%
65% Tap 7| SAl E3[kgf.m]| 65 15.58 12.47 12.47 14.02 22.86 55.41 =S
65% Tap 7| SAl E3[%] 63% 51% 51% 57% 93%
50% Tap 7|SAl E3[kgf.m]| 50 9.22 7.38 7.38 8.30 13.52 -437.49 7587t
50% Tap 7|&Al ET[%] 38% 30% 30% 34% 55%

<NOTE>

1. HHLA7|SA 7| SAZ0l 15 = o|& ZE Z? LS 7| S HETLO|FO{Xof 5t MI[MA HEY XA &eldtguct,

2. HHL 7| S(Y-A ,AUTO-TR,2ZIME S)A|l 7| SA|ZH0] 30 = o| & A E H 2 H7| G LA ol A

5. Jlsds ea ] Jlsd= Fag

T ol ot




