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Figure 10.1 Relation between the saturated steam pressure and
the saturated temperature

( ;%3 i Critical point :

225. 56ke/ox
350 (374 15T )/é—
300 ,
250 //

200 —

150
100 /

50

Saturated temperature (°C)

0.1 .57T.0 " 5.010 507100 200300

Saturated steam pressure {kg/cm abs)

(3) z%—#@ﬁ%@%&ﬁEz%wAK&R@&%&EK%(,Eﬁﬁiﬁtﬁw
A+ % (Figure 10. 2 21R),

@ A% — ADBEHERIC B BREEFRIFTICAS < EREEE L O IcEn
T3, | | ' | |

© A% AHBREEOERELEHAE S, BELL 2 ¥ 7 Ve b ORBRRIN
B ERY, RYBOBELTH B,

© AL EE CREADETH S,

In—10--1



Figure 10.2 Relation between the saturated steam pressure and
the quantity of heat
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Table 10.1 Difference of Steam Effective Heat by Pressure

Steam Saturation. Specific enthalpy Condensation
pressure temperature of steam S latent heat
(bar G) O ' (kcal/kg) o (kcal/kg)
7 170 6608 4895
5 159 657.9 498.6
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Figure 10.3 Yard piping system diagram
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Figure 10.4 Plant battery limit schematic flow diag'ram
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Table 10.2 Heat Insulator Type and lts Feature

. Safety
Heat Raw matenft] and Product Property service
insulator manufacturing process temp,
Rock s Andesite, basalt, igneous +Attacked by weal acid but not Densily: < 0.3 g/cm® 600 "Cor
wool rock, serpentinite, peridotite,  weathered. Therma! conductivity less
insulator chlorite-schist, slag of nickel o (70 °C):
ore and manganesc ore and ~ e Various shape products such < 0.042 kcal/m. h. °C
limestone as plate, cylinder, band and
o bracket.
e Compound the above S :
materials in a proper ratio, eBlacket is formed by set
melt in a temperature of metal on both sides of the-
1,500 ~ 1,600°C and form it to  stratified rock wool and sew
a thin fiber shape by blowing  up with a wire. Good acoustic
_ of compressed air/steam. absorption effect.
Si0, 1 40~50%
AL, 10-20%
Cad : 20~30 %
Mg0Q: 3~7%
Fe,0,: 2-56% . _
Glass s Manufactured by the similar ¢ Plate, cylinder, bracket and Desnsity: < 0.1 g/cmw? 406 °C or
wool manner to the rock wool, band - Thermal conductivily - less
insulator ' : (70 °C): < 0042 keal/m. h.°C
Calcium = Add ashestos fiber into ¢Put on the market for a high Density: less 0.22  ° 1000°C or
silicate silicate power {mainly diatomt  temperaturc from 1952 and glem® . : less
insulator™  earth) and slaked lime to standardized in JIS in 1955. Thermal conductivify
reinforce, allow it to swell : - : (70 °C):
énough and mold in a metal  #Low price, good workability < 0.053 kcal/m. h. °C
mold to allow produce and durability.
calcium silicate by steaming.
: *Typical insulator used not only
piping but a general machine, _
Perlite »Calcinate ignition rock such  ¢Less 1 mm for moulding Density: less 0.2 900 °C or
insulator as pearlite or obsidian at - insulator © g/em? . less
800 ~ 1,200 "C in kiln. Thermal conductiv-
. . *Biend ashestos fiber and ity: .
¢ White or gray white color inorganic adhesive, mold by < 0.065 keal/m. h. "C
fine particle and very light press and dry.
particle having fine bubble. Co R
Not change in quality and not *Classified to 1st class and 2nd
fade in the color. Notabsorb  class. One of many excellent
meisture in almosphere. - insulators,
Basic *The conventional basic *Classificd to magnesium Density: less 0.3 250 *C or
magne- magnesium carbonate carbonate water kneading: g/em? ) : less
sium insulator has been com- insulator, plate and cylinder, Thermal conductiv-
catbonate  pounded with basic magne- _ _ iy:
insulator  sium carbonate of 85 % and  *+Convert to magnesium oxide < 0.065 kcal/m. h. "C
{magne- ashestos of 15 %.. The by heating it & temperature
sium thertnal conductivity is of 300 "C or more and shrink
carbonate  influenced by this ratio. cxtremely
insulator)  The present insulator is’ '

blended with asbestos of 8%
or more,

¢Almost same properties as
those of calcium silicate
except for heat resistance. As

present not used too much,
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Figure 10.8 Installation work of hanger
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Figure 10.13 6" Piping Figure 10.14 10” Piping
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Table 10.3 Classlification and Characteristic of Steam Trap

Mi.ddle

Larg(‘a . 0;_)er.a_t10n P Characteristic
classification principle classification ‘
Mechanical Utilize the den- Lever float type The presence of condensate
sity difference Free float type drives directly a trap va]ve.} Itis
betweern the Open bucket type  not nécessary to wait a tempera-
steam and the Inverted bucket  ture drop of the condensate for
condensate. type _ actuation, The actuation is quick
Free ball bucket ~ and secure and has a high reli-
type ability.
Thermostat Utilize the tem- Bimetal type Actuation does not depend. on
check perature differ- Bellows type directly the presence of conden-
ence between the  (steam expan- - sate. Since actuation is done
steam and the sion type) - through the medium of tempera-
condensate. ture, response is slow. Accord:
ingly the actuation cycle is longer.
Alarge air exhaust capacity. . -
Thermo- . ~ Utilize the differ-  Impulse type . The configuration is small and the
dynamic ence of thermo- (orifice type) reliability is next to the mechani-
dynamic property ~ Disc type cal. The trap back pressure is

between the
steam and the
condensate,

li_mited to less 50% of the inlet
pressure.
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Figure 10.20 Bimetal type trap (Strip Type)
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(@) RF—4 by TORY G | |
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ML X 3D H LA A T i 40 A B 5. |
AF - A NEEEN D2 v v — PRI T > YEBRRT TR IO THE
'&,b?vaBEt:V¥vh~bﬁx%éAEﬁ%é%ﬁﬁf%Bhbcaﬁz%mA
b5 o SRHDEIITCH D, TAORGHLBOHIE Pigure 10, 24 R,
@) AF—HLEFTyTDALTFTLR |
A) A # -
AF ATy TREMBEHLTWS L, A2 =2 VB0R, REEREELT
MG T LEINC X 7 < I h, BT, AT~ A5 o FORMUATECTH S,
Liedio €, IR L TRV, MEERR LeBaRtRy 50 EBLTE
IR %, A% A SRR ORHFRIER M LI iz bt b,
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Figure 10.24 . Good Example and Worse Exam‘plé of l'nst'allatio'n (1/4)

Wrong installation Description Correct installation

T Flow Steam trap should be fitted in -
the direction of flow.

~All steam traps bear on the body
stamp or mark showing flow
direction,

Free floa.t type sieam trap should
be fitted horizontally,
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Figure 10.24 Good Example and Worse Example of Instailation (2/4)

Wrong installation

Description

Correct installation

Thermodynamic steam traps
have no limitation as to position.
It can be fitted vertically,

Never use an inlet pipe smaller
than trap size.

Steam locking and air binding
are apt to occur when inlet pipe
is too small.

Never install steam trap at a
higher level than the drainage
point, N

The inlet pipe should be one
that allows water to flow into the
trap by gravity.

FL L

7
- . /
< A e
/]
(S < y
|~
/]
- “
L

If the trap has to be installed at
level higher than the draining
point, use a lift-fitting.

l
2"y !

1125
‘ = i

TS

wr:

Size of collector musi be larger
than trap size. -

The collector should havea .
sectional area above sum of
those for all traps connected to

it

coliector

flow 14 ’
pressure | | I
high

pressure ——J

Condensate discharged through
two traps which operate at
different pressures should not

- be collected to a common

collector,

colectlor

C collector

fow
pressure E I

high pressure’
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Figure 10.24 Good Example.and Worse Example of Installation (3/4)

Wrong installation

Descriplion

Correct installation

Outlet pipe should not be sub-

merged into trenches.
Provide small hole to break
vacuum.

(e SR
T 2 /
. fiola
Yyl .
water

Each steam' unit should always -

have individual steam trap. -
{Individual trapping) _

To {it one tiap to several steam
equipment is a bad practice.
{Group trapping)

/

“In siphon 'typ‘e cylinder, steam

locking is liable to occur.

|

Double trapping is a bad prac-
tice. An efficient one frap is
enough. '

L

Steam trap must be ﬁtte_d_'at the
inlet side to discharge conden-
sate before the regulating valve.

L
Inlet N 10Qudet

i

Infet — Quilet
To collect condensate, the trap o
collector . ) R cotlector 7y,
( - x outlet pipe must not be con- S PRI
- A } L i )

T
[ .

tor.

nected to the battom of collec- -
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Figure 10.24 Good Example and Worse Example of Installation (4/4)

Wrong installation Descriplion Correct installation

Collector should not have a
riser. The head of condensate

cotiectar in the collector exerts on the : \u:(-)llector
| - traps as a back pressure. \ln\\::‘%
~ ( . )
@ A |\ _ I
Qig\J\ ' l

EHARBERT DI 7o - T,
a. AT bﬁv?‘ﬁalﬁ |
b. AF— A} Ty 7EBEEK
C.. AFmhbFyTFay Y AL
FRHTEHERDD,
A% ARTHE, EMSRETHORES X 5EWMHHL, %7 - A FBANEBIL
Lank 5B s, | |
B) AURDF %
a.ﬁﬁtxéﬁ% ,
BRLEGETBAF— AL 59 725, ZOF  CRGIHH XI5 B E,
AF-n b Ty THDIEZYA L ZF ARRY FTTHBBEITE, EEDRTH
~3,
b, BEEN JBHE
BEBE RN TRBEL BT 3 HETHEN, BREDELT S,

c. BREAC X BFEE |
?ﬁaﬂﬁtiﬁ,z%—abﬁ?fwkuﬁ,&D%EO@&,EE%E;
> THEBETRET 5,
d. WIEHEMWIHE _
(BN % AR ISR S T2 T, BRESEL ¢ HBICARTE B,
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a T e s ORIBEERITS L, ROZHKICHFSNSD,

Figure 10.25 Ratlo of recoverable heat :
(enthalpy of condensate/enthalpy of saturated steam)
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Ef\
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B>
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8
o
e 0
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" "Sieam pressure kg;cm’g
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Figure 10.26 Direct utillzation to feed water

Steam servicing _ . % Feed water
- equipment - tank
f’,\

. Steam trap

Feed water pump
Condensate recovery
pump

B) Rel#FIH

aVF V- FOBFROBEL WSS, BRABEEAL, ol ikl

a v va— FOEEROLEEINT S (Figure 10. 27 288,

Figure 10.27 indirect utilization through heat exchanger

Steam
trap

hit

: - Heated
M subjet
L-éj : fiuid

Condensate recovery pump

Steam
servicing : Heat exchanger
eqmpment : : .

C) 759 v ard— aDFH

a vy ok I‘O‘)Ejjlb‘lml/\%b'fi 7o ak /ﬂi'r\_@’[!lb
b oD %&LﬁEi&m& L“Cﬂﬁﬁ‘fé@ﬁ

2 T e —

,%‘I’J"CEF)ZS (Figure 10. 28 &),
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Figure 10.28 Flash steam utilization

Low pressure
_ | steam pipe
High pressure é . : ’
steam servicing | - ?_ Low pressure steam

equipment ‘ﬁ” servicing equipment

Steam
Steam trap

trap
: . To boiler or
feed water tank

Flash tank

UCD

Condensate recovery pump
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3T b R SRR G CEIRT 5K, 37— kDR
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A) AF—a b Ty TORIT BT
‘z%wAfﬁvftﬁmféfi—AEﬂ?,37?7#;FE79VVJﬁV
pRom T 8 NG BT, 3V F v - b ORI E S
TR HBEO T B BRI S B ( Figure 10, 29 21), S

Figure 10.29 Recovery by steam trap only
Steam servicing .
equipment 3(-]

/ Steam
trap

¢ |

Condensate
tank

B) ?f?}%ﬂfyﬂciéﬁfﬁ .
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Piztid, WEH Y S THCERS 5HWT, AT~ & b5y 7 HRIE@IRIHET
RGBS hD,. bbb, HRE, TENZLE 7wy 71051, %ﬂff‘:“h'
DU F v A VI RREL, RO F vt S CERBRF B HECHS
( Figure 10. 30 £8), |
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Figure 10.30 Recovery by centrifugal pump

Steam servicing
equipment

Condensate
tank

L Steam trap

[P ————

SOBE, APk b5y SOREHROES, # ¥ 7~ LAZKTDEER,
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) = -/.77—'*/—&_—— )& A N W 7175
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V> (Figure 10. 31 1),

Figure 10.31 Recovery by condensate recovery pump

Steam servicing
. equipment

“Condensate
recovery pump
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ok L CEIRENED R RS I i bite,

CEEHH nJrﬁ{%ﬂD

W = 300 kg/h

vV = 10 m/s

h = 160.2/kg (8 bar)
he = 1111kcal/kg (15 bar)
r = 5318/ke (1.5 bar)

v' = 0.00105 mi/kg
v” = 1,159 m%kg

B 1%2:qu; |
£ = TR 0.091

ve ={). 00105 x (1 —0. 091) + (1.159%0. 091) =(, 1065m*/kg
4 = (3.53%300%0.1085,/10)" =3.4cn
Liciho €1 +" BEIEMAT5.
D) & B
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TECOEDI v —AFYAFATHY, FREFEEX DL, 250RE
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B 7T wiaRF—~LOFIH
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—MREEIEAF — 2 L LTHATASHELR ), BRI - TRE4«DORERD
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Table 10.5 Flash Steam Generating Rate {wt.%)

Pressure in high Low pressure side (bar (G))

pressure side :

(bar(G)) 0 03 05 1 15 2 3 4 5 6 8 10 12 14 16 18
1 37 25 17 — — — — o e
2 62 50 42 26 12 — — — — — — — - _ _ _
3 81 69 61 45 32 20 — — =  em e o
4 97 85 77 61 48 36 16 — — — — _— _—  _— - _
5 110 98 91 75 62 50 31 14 — — — — — e o _
6 122 110 103 87 74 62 43 30 13 — — e e .
8 142 131 123 108 95 83 64 48 34 22 — — — — _
10 159 148 142 125 112101 82 66 53 40 19 —~ — — — —
12 1774 163 155 140 127 116 98 82 69 57 35 17 - - - -
1 187 176 169 154 141 130 112 96 83 71 50 32 15 — — —
16 190 188 181 166 153 143 124 109 96 84 63 45 29 14 -
18 20 199 192 177 165 154 136 121 108 9.6 75 67 41 27 13 —
2 220 209 202 188 175 165 147 132 119 107 87 69 83 38 25 12
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Figure 10.32 Example of flash steam use In air heater

_ Pressure reducing valve procon e control pipe 8 kg/em’G
8 kg/uﬁ@_&*‘.é
- 0. Skg/em'G Air heater
Al —
Relief valve
Steam trap

Flash tank

0. 5kg fen'C

o
ﬁl"“

Conscntra_te
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Flash steam quantity (m? fkg)

(6)

Figure 10.33 Chait of flash tank diameter -
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Figure 10.34 Thermocompressor Figure 10.35 Example of thermocom-
pressor use for stripping
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Table 10.6 Relation between the Air Mixing Ratio and Steam Temperature

Steam Pressure

bar 2 3 5 9
Air mixing ratio %
0 119.6 132.9 1511 1745
10 116.3 - 120.3 147.2 169.6
20 - 112.7 125.5 1429 1653
40 1043 116.3 132.9 154.0

Q) AF— HERBE AR
W7 n AT, BAELELFHBE, BHOBREMRT 8BS, BfAF -
MR EARENS kTR B, SOAF — Ak ERBIEICENBS B B,
AF — ARE ORIV VR TD H‘h‘?a.‘b.“%,' PEWREER BT TeAsF — &
TSR 5 Stk S BHITH S (Figure 10, 36, Figure 1037 £, |

Figure 10.36 Silencer

Inlet side

_ ‘Inlet side

b) S il
2nd nozzle (b) typeg cm‘:cr

OQutlet side!
(a) F typesilencer

Figure 13.37 Steam blowing angle from nozzle

Steam blowing pipe -

VALK

Nozzle
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Figure 10.38 Steam direct blowin heater
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Figure 11.1 Reduction efiect of distribution loss
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Table 11.1 Calculation example of reduction effect of loss In 3 phase distribution

ine due to power factor Improvement

Resistance value

of distribution line Length  Preseat Preseat Load .current Rcdlfctio.n .Of
and cable of powcer load after improvemeat loss in wiring
. et ’ wiring  factor ) . _ _
ety (cosa) ™ Cosg,=0.90 c0s0,=095 cosd,- 0.0 cosd, - 0.95

£/km 500 m 0.60 iBlA 87.3A 82.7A 2.87 kW 330 kW
0.20 (100sq - - . :
or eq_uivalent) : 0.70 131 - 102 96.5 2.04 2.30
0.13 (150sq) 500 0.60 219 46. - 138 5.18 5.61
or equivalent .

0.70 219 - 176 161 3.68 4.26
0.10 (200sq) 500 0.60 262 175 165 - 5.74 6.21
or equivalent

0.70 262 104 193 4.08 472
0.08 (250sq) 500 0.60, 306 204 193 6.25 6.76
or equivalent - T

0.70 306 238 225 4.44 5.14
0.06 (325sq) 500 0.60 350 233 221 6.12 6.62
or equivalent

0.70 350 272 258 4.35 5.04

(2) ZEEEBREDEMLHE

EEBICBT DEHREROE LA EHBBOMICAECD TEEAT L, 24 AIZEL
5 TR ChHBX. T05 b0 TR 2, DRICKEPEEET D,
) HER . o
Figure 11. 2 X b FHR 2 KRBT, = v 7 v THRE 8k
L BADEEBEAKOERE (PO, KO EKTRD SN2, |

FREL, RO BHE : M= 1 : 0.8 L 45, , S8, SHEICH
—~DRL B,

100 4 Pt 1 1
P — — - rrea
= 7 1)~ 5 *€ Lu) *( cos® By cos? 0, )R La G-
10 P
:(___;QJ_MI)X g x(io)zxkleo(k‘.v) ..................... 13
=1 ka)( klx IJO (kyv) ............ TR {1@
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Figure 11.2 Reduction effect of transformer loss
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ENBENLTH B, | |
a - HYSHIT, KT EOBRIET NS SOETE ST,

b. ¥ a A B AT A BEMMER BT, BIEO 2 RICHAL TAR
PIEMT B 72>, MEHROET % &1

c. FHEBHHICRWCE, BED 2 RIZWAIL CRE L 4 2 BREPT B
TABRIE TR AHRIAAL, BRAEALY, SroREMELDHEAT
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Table 11.2 Calculation example of reduction effect of transformer loss

Transformer specification L,=300kVA n=98%  L~500kVA n-98.5%  L,=1,000kVA n=99%

P/L 05 06 07 05 06 07 05 06 07

0

cosf, —» cosd, kW kW kW kW _kW kW kW kW kW
0.60 — 0.90 1.80 272 370 235 339 461 312 449 6.11

0.60 — 0.95 2.04 295 4.01 - 255 367 499 337 4.86 6.61

0.70 - 0.90 0.99 142 193 123 177 241 163 235 319

070 - 0.95 114 165 224 142 205 279 188 272 3.69

Note: 1. P : Load power (kW) -
L,: Transformer rated capacity (kVA)

2. Loss reduction (P) is determined from equation (14).

CHETNECLRIKE, WAL ORANREIICSEN L0 v Y
»erybiiﬁézéhﬂhé LW RBEBIENR LR .L;gg‘élfc&b.' avFvrEED
ZELTEDE, BUBLL VESBRELAOEMETILOANZ0T, Hil
DEBHEHRL FI kY | FB o7 o R 5 L R ERTHA S

sy,
B) Bk |
i o7 vy R SRR TEME (7R bbRIELRE) 4 Vik, HEMX
if"”(*/‘k‘éf) Bnéo
AV = Qe 100 (%) ......................................................... {5

R.C
R.C.: 2 v 7 v EBEORMER (VA)
Qe : 2 vF VHHEE (KVA)
C) FHES |
__ ﬁ%ﬁﬁl% r»WAo)f&%ﬁf:. 500 kKVA DHEM = v 7 VR B L7 & S 0fg
 BELAMBAIVERDTHB,

500 (kVA) .
125 x 10 (kVA)

4V= x 100= 0.4 (%)
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Table 11.3 Efficiency of 3 phase high voltage medlum capacity transformer

Primary 6.6/3.3 kV, Secondary 400/200 \'A

Company A _ Company B
Efficiency Iron loss Copperloss Lossratio Efficiency Iron loss C_(_)plier lqss Loss ratio

® - &W - &W) % W) - (kW)
300 © 982 0.9 46 51 - 97.9 22 42 19
500  98.27 13 75 5.8 98.1 27 o 26
750  98.36 2.0 10.5 ‘5.3 982 3.2 106 33
1,000 98.52 2.5 o125 5.0 98.2 35 14._8, o 42
1,500 98.62 45 16.5 3.7 - = R
2,000 9869 6.0 205 34 983 73 273 37

WRME, BEBOBRNBALADOR, n= Wi/ W. DL &, Thbb,
SEH L R OO B LS 25 L SOWATHB, HMHICHT BHROBLD—
Pl ERT R Figure 11. 50X 5 Th b, ' '
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Figure 11,5 Transformer efficiency (Example)
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Figure 11.‘? Exampie of efflclency of 50 Hz transformer (1/2)
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Exampie of efficicncy of 50 Hz single oil immersed transformer

Figure 11.7 Example of efficiency of 50 Hz transformer (2/2)
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Example of efﬁciency.of 50 Hz 3 phase oil immersed transformer
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Figure 11.8 Method to use two 50 kVA transformer

T

Iron loss No2
Nu.l ; .
WOMWVA o o \ SO0KVA
12040V copper loss A 3.3/0.42xY
: 7.50W O
Breaker %y %
(normally open)

Load A ZZOOkVA Load B 200kVA
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BURCRNg 1 ZFES, N 2 BRIESS L %,
#iH= 1.3 (kW)

gaifi= 2 g (S 0o g 5 (200 =1 (o)

-7,
HE%=2 ( 1.3+ 1.2 )=5 (kW)
No 1 ZEFERS 8 114 CH,
Na 2 ZEERRO8KIA= 1.3 (kW)

Mzgmﬁ®@@=ﬁﬁﬁm@x(ﬁﬁf)z— 5% (207 4.8 (W)
£iH%=1.3 +4.8=6.1 (kW) _'

a0, 1 GOEESEELLE I8 L] kWEBEAS D,

@ FEHROGEHN |
RUEHOEERE LILEEL COLBaITH, ABOXM k- CEEA NS

MR AZ LX), BEkEBET S ZEATES,
wi,Nﬁmﬁmﬁéﬁﬂﬁgbkag@mﬁﬁ%m,w@ﬁvﬁbsnao

Wn =N { NQ e } (kW)

Wn oo BE % (kW)

Wi | BOEEROZE kW)

We : 1 BOEEROHIA (kW)

Pu : BHAE (kVA)

N : &%

Q : 1 BOEEREE (KVA)
(Nki)é@%ﬁ%é%ﬂﬁ%bt&%@%ﬁ%%&,&@ﬂfﬁbénéa

W‘(N—l):(N_l){Wi.'i‘(. P )? Wc}(kW)

{N— 1)Q
(N—1 )A@EEE%@Q&?H@%@??MM@@m‘ﬁ%#m Wn >W(N T

H D, PRI PL fiiﬂ(@%‘c'@’ﬁbéhéo

Pr <\/@x Q (kVA)
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11.2.3 REROR 9 7OBE |

EEAFERRERGICHS <O ARBS Y, AHOWFRICHEHITEVRES
ﬁ%f%:&ﬁﬁ%fﬁ&mﬁ,EE%Qﬂwf@ﬁim&E?T,:nwﬁébf
BESC LS BAT 5L LAY TH S,

DB B CEBEA DN Co B RIBEARD S, £ ARBEOBERE D7 <
BBUA 50 %75 80 % AHEBED S 0N BV, BEEH) L HEWEO AHRE -
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BRBE, TROREFCLTE » 7HRET HORLE Lus,
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Table 11.4 Effect of Voltage Fluctuation on induction Motor

Voltage fluctuation

90% Voltage 110% Voltage

Starting torque, Maximum torque - —19% L 421%
Synchronous speed Remain unchanged Remain unchanged
% Slip | Ce23% ST
Full-load speed - ' -15% +1%
Efficiency (Full-load) 2% Slightly increased
Power factor (Full-load) +1% _ -3%
Full-load current +11% 7%
Starting current -~10'~ -12% +10 ~ +12%
Full-load temperature rise _ +6 ~ +7°C =3~ -2°C

Magnetic noise Slightly decreased Slightly increased

Table 11.5 Relation between Voltage Fluctuation and Loading State of .
Induction Motor ' '

Voltage fluctuation

90% Voltage 110% Voltage
Fullload 2% Slightly increased
Efficiency 3/4 Load Remain unchanged Remain unchanged
: 1/2 Load +1 ~ +2% -1~ -2%
Full load BT 3%
Power factor  3/4 Load +2~ +3% -4%
1/2 Load +4 ~ +5% =5 ~ ~6%

11.3 B B 4
IO G = 7 A ¥ =1k, EDOIIET BIEL LTROIDO 7 — ABE 1 S5,
0 EHBRUEHRERE FRH 5 CRARCIEL T, E=rr ¥ -2 E5BE,
® BABHOBBAEORES S ORMIAIEIC L T, Hxkr¥-bEBBE,
BF, FhEhoB &Iz onTiliNg, ' ' '

11.3.1 AHRUBHBBINEFRT 3188
RIS OEMBMICR 5P —ROBJMEMITNA B ZE THIN, =F ¥ - D
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a&m@ﬂm&mr&aﬁ ERED LV > ThVY, BHARAGHATH 72
BRI REHETHABAIT, AR =AY —DFEOHIETERY, 2T,
FisgaRiliostil, HOVEEARTEL L TRALEWIEE B L, ko d
BUTH 5, '
(0 EBIERCET 54N |
BWROE= AL ¥ =252 56, EFRMUATHEAE DA VEAR S
Table 11. 6 KiR$, HEEOHAE L, BURAHT DA, FMICO-CTEHPIH
RBHI SR,

Table 11_'.6 Basic and Practical Expressions Relating to Motor Application

Itel;(;rmulatlon' Basic expression  Practical expression Description of symbols
1 Powerand P = T PK[kW]=PX10™> P : Power (wath)
torque N _— 60 o Pk: Power -~ (Kilo watt)
[rpm]= Y T : Torque (N-m)
T T Tg: Torque ~ {Gravity unit Kg-m)
Telkg—-ml=—=—— L : ]
glkg-m) g 9 8 W : Angular velocily (rad/sec)
"~ N :Rotating speed  (rpm)
PK[KkW] = — D] Nipm) .. alkg- m] |
2 Moment of ) fashadt dw | GD? =41 I Momen’t'of inertia (kg m?)
dt : GD* Flywheel eff
1:_1e111a and Tg[kg—m]:—l— Gp? . dN ywheel effect
accelera- 375 dt
tion torque o '
3 Accelera- o } @o Ta( ) t : Time required for acceleration
sy . : g _ 40 ' . (sec).
= —_— secl Ta=2"H— . :
tion tlme_ : Jo Ta dafsec] .a Wy do ta : Time required for completion of

. 2.2 acceleration (sec)
1 GD Npfmpml  Ta: Acceleration torque (Kg-m)

365 P[W] Ta: Mean acceleration torque (Kg-m)

tafsec]=

@ %%&ﬂ%xmﬁfﬁ#

ﬁﬁ&ﬁﬁ%%@&twkm EFRBORE 205 BB D Do

iwmnj hrbtwm,ﬁﬁ@ﬁ&@ﬁ#h\of.%ﬂﬁdmmtﬁ
CBRED, HEVHHSNERHRACTEBONE EEDLEDTHS, T TH
Ut k5 RAHBUIIICE T, 1 U CHBROBENTAEL KD | Zhizf
M B O RED THE 25,
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Table 11. 7°Ci3, B> 2 7 & b L CEME, BEm RN L LT
SHLTHEN, 22 ToFEEE AW, SABE X588 I%
-%#kfwéoEM%&mwt%4Uxa%—ak#.ﬁﬁ%%mwtﬂﬁﬁ%@
AL EEIDBE, Thollv AT ald L’Cfi@ﬁ"%«kﬁﬂ:ﬁ‘é

Table 11.7 Conditions for motor seléctlon

Motor system

Conditions of load

DC machine Induction machine Sync_hmnous machine

Starting Necessary frequency for starting “Study heat capacily of motor
conditions -

Necessary starting torque Apphcahon of serics  Application of wound-rotor type IM

¢ Moment of inertia of foad ~motor ) L e '

¢ Possibility of no-load starting : Study starting curreat and time according to the

above items .
Neeessity of smooth starting Acceleralion Reactor starting, soft Low frequency starlmg‘.
r_cstriction_ - starter, etc, etc.

Stop Necessily and its degree of Regeneration ~ Reversing-phasebraking Brake, etc.

condilions  emergency stop (quick stop) . system, dynamic
braking, etc.

Nécessity of precise stop Position control Difficulty

position
Necessity of holding the stop Presence of brake
- position _ ' _
Operaling 'Necéssity and its conditions of  Field swilchir_lg Main cireuit switching

cenditions . reverse rotation . . .
Armature switching

Rating of load Possibilily of reducing frame No. for hourly rating
{Continuous, lime) : '
Special fonction Restriction is Restriction is large,
- comparatively smal}
Speed Constant speed or variable For variable speed For constant speed .
conirol speed? Variable speed in conjunction with control
equipment
Speed controf range Scope of application - Study combination with control equipment.
: is iarg_e. : - . Co
Necessity of speed control Suitable Change byamountofshp Syachronizé w;th the
. : ) . " power source frequency.
Ambient  Temperature and humidity i Study motor construction,
conditions, conditions S
efe.
Necessity of explosion-proof Possible, but . Possible
construction difficult R :
Whether good atmosphere or not  Problem on brush  Squirrel cage type.ls for  Biushless exciling is
commutator improper circumstance. possible.
ProbIc.m on personne! for Maintenance is In the case of brushicss, easy maintenance.
maintenance -important. i T :
Power source condition Problem on higher  Starting current large, ,Lca,d'i'ng power factor is

harmonics and Dclay power factor . possible. -
power factor : ’
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EEBIEL A EOHE, ARLSS SN RBTREE» SHHL, FIEOE

B I L C— S RS A B, ARREHO b A 2 ERE - TOBOT,
BT S EERMIZ - T, AMOUBELT A LA 2O LA 2B BETE

Db DTRITIEE B, :
— R BT BEMED b 2 AL THBE Y, TEBIIRRGREISCE
5o
ﬁ%marwﬁﬁgﬁﬁmﬂabfﬁ.ﬁ&mmmbebwaﬁ#%&ﬁr»
7RM, P SSEED LR, 2T, 3 BICHOITS b s BIRAR, HEL HE
R EDEEBIL, by XEEL—ERBHANAM L EDH D, Table 11. 842,

CHEOBEBREE LD LEDTHS,
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Table 11.8 Class of load and torque speed characteristic

Load characteristic Typical load

Gravity load, Friction load

Constant torque load :
' [Example] Crane, Wind-
uf _P ing machine, Conveyor,
E T= Constant Paper machine, Mixer
@n.o Po
ey

Rotating speed n—e

Increasing torque Fluid load
load ' {Example] Blower, Pump

T:Torque -
p:Power

Rotating speed n-—=

Constant outpﬁt load ‘ Special load
' [Example] Winder, Con-

—p stant cutting machine,
T« —%_ Log barker
i T P=Constant

'Rotating speed —~

—

T: Torque
P:Power

RSB RDIS, DRSO & > b S E TR RO L A 2|
BAARRph -l &0 bz, FHICAYEINE T, BEIEALEED b 1
IHRAMOERTA LA U EHENE SHhBERBEL 25,

@ AFDG DT
AR OWIEO D! CHPRBHR ) DX DLBBRID AN, HBIEO 2D A

MZBIER L, BIMEE R EE TS B,
ERi A zE T (kg m), BIHE A 73 T (ke . m ). ﬁﬁ&%@)%wﬁ

FHHEHROFE QD (kg . m ) bhid,
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Figure 11.9 Converslon of flywheel effect
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Figure 11.10 Temp'er'at'ur;e rise curve of motor
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Table 11.9 Example of thermal time constant

Type : Thermal time constant (minute)

Opentype | 20- 40
Totally enclosed fan cooling type o 50- 150
Totally enclosed self cooling type o 90- 180
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B) KFREIEH
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Table 11.10 Frame number application table

Load time _ .
factor 15%ED 25%ED 40%ED 680%ED 100%ED

Number of poles

Frame Output kW kW kW kW kW
number
132M 3 2.5 2.2 18 15 6
5 4 37 3 2.8 6
160M 7.5 6.3 5.5 45 4 6
10 8.5 7.5 6.3 5.5 6
160L 15 13 11 9 7.5 6
180L C20 17 15 13 11 6
200L 30 25 22 18.5 15 6
225M 0 33 30 25 22 6
250M 50 40 37 . 30 . 25 , 6
63 50 45 37 33 Y
280M 75 63 55 45 37 N 8
315M 100 8 75 - 63 50 8
125 100 90 75 63 8
3551, 150 125 110 90 75 10
185 150 132 110 90 10
400L 220 185 160 132 110 10

280 220 220 160 132 10

D) "RV KBHAOMIE
WO T ML, ARORRIMIF S REN D85, AR L
LicD, REMAERE TS B, BUESDOREI N7 Y B L7 5.
Lan L, ARISSER L CRMmICERT 3B ADMR/RMNEMEL LT, 8
SEHA L EMSh B, |
BERBES, S SEHR ST RIEAN—ER S RS 47
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Table 11.11 Example of cooling coefficient values

Type of motor Cdor aceaton aperten deoderstion
Opén type AC'motor_ 0.2 0.5 i R _ 0.5
Enclosed type AC mbtor 0.3 0.6 1 | | 0.6
.’I‘otal!y enclosed fan 05 075 1 0.75
cooling type AC motor
Separately-cooling AC 1 1 1 1

motor

) MEHERE ROWRE

BHROTHE DS BET 558, Bk TS TOB RS L B1s,
I T ~R L 510, S AR WEL TRET~ETH Do

@J:’H;f, Figure 11. 12 @ X 5 Mgl 3o T,
Pi= 100 kW ;= 10%
P,= TOKY t.=15%
Ps= 80 KW  ty= 10%
Pa= 50 kW te=20 %
LB L, ORSHEOEMBE PR,

Flgure 11.12 Example of load curve (1)
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Figure 11.13 Example of load curve (2)
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Figure 11.14 Comparatlve example of efficiency for induction and DC motor
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Figure 11.15 Comparative example of eff_iélem;y and power factor between
synchronous and induction mo’t_ors
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Fig. 11.16 Relation between number of pole, efflélency and power factor of
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Figure 11.17 Optimum output range of motor
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Figure 11,18 Efficlency comparison of 3 phase squirre! cage type
induction motor
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Figure 11.19 Efficiency comparison of 3 phase squirrel cage type
- Inductlon motor
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Figure 11.20 Loss analysis example of standard 3 phase Induction motor
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Figure 11.22 Example of efﬂcle.ncy during voltage fluctuation of
induction motor
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Figure 11.23 Example of power factor during voltage fiuctuation of
Induction motor
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Table 11.12 Effect of voltage fluctuation on induction machine

- Voltage fluctuation

Proportional relation

90% Voltage 110% Voltage
Starting torque -19% A% +21%
Stailing torque .
Synchronous speed Remain unéhanged Constant Remain uhchanged
% slip +23% WA -17%
Fulllload speed | -'_1.5% — +1%
Efficiency Full load % — Slightly increased
3/4 load Actually no change — ~Actually no change
1/2 load +1 ~ 2% — ~1~2% -
Power factor ~ Full load +1% _ — =3%
3/4 Load +2 ~ 3% — ~-4%
~ 1/2 Load +4 ~ bY% — L)
Full-{oad current 11% - — ~7%
Starting current ~10 ~ 12% \Z +10 ~ 12%
Full-load temperature rise ‘+6 ~7C — =1~2°C
Magnetic neise Slightly decréased' — Slightly increased
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Tabie 11.13 Troubles and Measures Accompanied with Introduction of inverter

No. _ _ Trouble Measures

1 Trouble by harmonic waves

1 e Metallic sound is generated from motor. » Insert an AC reaclor between inverter and molor,
2 « Condensive capacitor or fluorescent lamp is heated.  « Insert an AC reactor to the receiving side.
3 ¢ Input transformer generates heal or causes vibration.
4 * AM broadcast on radio cannot be heard due to * Install a noise filter.
5 noise. : s Place an inverter in an iron case and earth
s Elecironic devices such as measurmg instruments the case,
cause error. _ ¢ [arth the motor frames.

¢ Place input/output cables in an iron pipe and
earth the pipe.

6 : » Shorten connecling wire belween inverter

¢ Earth leakage breaker operates errorneously. and motor.
: s Use breaker dedicated to inverters,

I Troubles by speed control of general purpose motors

7 + Resonance occurs between mot_'ar and the other » Use tire-type coupling between motor and the
machine.As a result vibration and noise arc generaled. other machine.

8 e+ Seclfcooling efficiency of motor lowers. Tempera- e Fita forced cooling fan.
ture rises. :

Il Troubles by operation swilch between direct and inverter operations

“g7 e Lifeof rclay shortens due':to frequent switching. ¢ Review control method,

10, * The device stops due to mstant.meuus powcr cul ¢ Check sequeance control circuil.
when swilching. :

11 . Adjust time of motor afler switching is too long, - » Increase the capacity of inverter.
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Flgufe 11.26 Characteristics of 37 kW Air Compressor
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Table 11.14 Actual measurement example of comprassor performance

(1) Discharge pressurc and motor input (kW)

Pressure (kg/cm?G)

7 6 5 4 3
Load (%)
100 226 216 205 190 166
50 156 150 - 144 134 120
(2} Load {(flow ratc) and motor inpﬁt
Load %) 0 50 100
Discharge amou'nt {m3/min) 0 _ 20 _ 40
Input (kW) 4 332 220
(3) Compressor specification
Discharge pressure (kg/cm?G) . T
Discharge amount (m*/min) : 40
Capacity adjustment %) 0,50, 100 3 stage
Motor ' 3.3kV 220 kW

THOBICE S LTS BVERRALLEL T3 7V ABD LS LRIV SH 5B
. WA (7 -2 5) B M 5 O5EHITH B,

7, EMEKBONRLEEILS L CHHROBBI OB EDC, AFBET
R F~DEMEROWMECE 31 05 L ic, ERBHO / XN Eo Rl
L b0, EARROTNS BT ~8Th 3, o

11.4.3 WEORELBES T4
ERERBEDRORENOLDE, KDL I RFANHBO T, BIEERET 58
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1) FEREOBRERKTVIEY, BREEL A5,

O FEREEAEVEY, HREB <K S

3)

AMRE 100 % GERT 1Y, HRER D, ‘
WoT, KA ESNBEEEEY T TH T, ABBOLHREEET LR

ER@hiHAL L R3O T, KEIZ100 % D AT CHIETE 5 MEROILHKE B

[T A A vy,

3 EFRO DR ABAEE TS Y, ThEREFICBEL WA BaE, BIL
TOBERO AN CE DI B B E 5 RARWHET 5 2 LRAYTH D,
SRNEET 5B EEVOEREE < An - K CEEL, EHITERLE

FEH RIS 5 L 5 T 300, IO HRO A0S B=F 4 ¥ — 10k B,
f ¥, BRIEMEYEDRBCLETSE, Table 11,15 © X 5ic b,

Table 11.15 Ciasslfication of alr compressor

Main pressure

Applications

Type - Class range
(kg/cm?)
Reciprocat- General purpose com-  7-8.5 2 stage compréssor for 100 kW or more
ing compres- - pressor ' Standard type for 1,000 kW or less
sor - o . '
: Intcrm(_:diate' pressure 10~100 For petroleum refining, peétrochemical and
COmMpressor gencral chemical industry proccsses
High pressure compressor  150~1,000 For synthetic chemistry such as ammonia,
methanol and hydrogenation. Mostly large
scale:such as several thousand kKW,
Superhigh pressure 1,500~3,500 Mainly, ethylene compressor for synthesis of
COmMpressor poiyethylene and ethylene.
Qilless compressor . 7~8.5 Oxygen gas, air.for féod processing industry
' and instrumentation, etc.
Rotary - Movable profile compres- - 1 Stage 3 Air capacity 2~60 anmin.
COMpressor sor ' 2 Stage 8.5
~ Screw compressor: 1 Stage 7
2 Stage  7-8.5
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Figure 11.27 Compressed air pressure and blow-off alr amount from nozzle
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Figure 11.29 Pressure - time éurve

' (2) :
wwwwwwwwwwww -~ == == §pecified pressure
’ - AN
) Y [\\ - }Working_
NE Rd Py pressure range
S5F oLt
g '/ t : T’l \\ @ -
£ 4L  Rising,” ' 2 XFalling
2 / \
g J
9 3r / ~—— Small leakage
L — == Large leakage
ol
- Time (min}

(b)

AirT:akage amouni
L, (n'fmin)

Compressor discharge .
amount Ci{wYmin} -

Yol i ervoir and
Pat/3 Elcor 80sW) rome (t;lxl;]-l:gs system)
' : : ¥, (w)

C,: Compressor discharge amonnt -
L: Airleakage amount .

. Time required for pressurizing

: Time required for lowering -

OB, XD HROE S RJBLAP LN LERL TS,
T, R (P~ o) KBRS BENE L, 0.5~ 1 ke/atlZl D,
Lt BEIOE S PhiE, KRERSRIIT 5.
Efa, BT S OFRE V. EThE,

Ve=t; (Ga--Ly)= Ly te ()
BETIE L, & ERAL I RDB L,

Ca ty : .
= ———— rn’
Ly ty + tz ( /lTllll )

TREBHOE L ( %) 1

_ LY ¥ L te 0,
Lp = —5—=% 100= - X 100 (%)

TSR, R (IR, PRI, A K ), RO R,
DS, BB 7z &k BT, FRKEARC I b s 5,

1111 —s54



1.4.5 SRS g
RS s A 5 A CRE LT <& 2 21, HTOLB0ThH 5,
| N a7 revEFER
av T vy R HEEE LR CHET S A0, BHT - » 2 T 5 HARK
DEBYTH Do
a.:yfuy%,773ﬂwﬁ%mmﬁﬂmm%%wﬁﬁéhrbbma
b. 2w Uy ORI RBITE B - TV, '
c-?7m~fmﬁbx49%ﬁmﬁm¢ﬁbfw5m,itEﬁx4§¢®%ﬁ
il WIE D
d. 3V T Uy pHRREFLELTOAVS, ERRHX TR,
e EABLRE ER S, EROMIME L TN,
LR AT 7 4 L 2D REE D XAV,
g . REMTERCEDT 0, BLAPOREMIBERD
h . ERHOIRE DR, 2 NFHE ¢ BRI DS,
LLmE A 2D F v Y BRI BHRER (R LT B 0
L PR EBR R R L TS b,
@ EHOWE
b R B LT, kO SOV T - TR TS B
a. 74 YORELEENLENIE LD« BiELEHNE F 5D ORICES
b 54 YORBEINE EUE S0 : FELIHEET 27 dORBIES
7cf34v®wﬁﬂﬁ3n&8#::nU£K&éE%@%%§ﬁ@&ﬁEin<
Eﬁ | _ |
BEDZ & R WBLIELTENAL » 5, BRF, VI - 7 RERETBILI
R, F= v 2V WREE KR,
a. BEA VY, BEFDENAL v+, LA, VI — 7 ROFREMTE LD,
ERIZIFT 55 8 5,
b BEOMIE B LR R LTS E S Do
c. VFabr-—-2 G;t'E'}i'lf,‘l:f’}fifd} LT3,
d.94vm&mbrhémﬁﬁamﬁm,%ﬁt&wmmwmgﬁmo
@ Fuv OB

IM—11i —55



F v o d BBIHCRI SR Fu v An Zi, S b LRISHE (TF
MTEE R EET 398V, BP P U vEBILTH <,
CF =y 7HHD | |
a. WEE VI REOL TR - WEOEKN =7 7 44 2P0 T03 Fu
vAL TRV vEREHETS,
b. FEPHEAS RS EMICEIV OB A E 9, -
c. =T 7405, QHBKBREEEMOCAE=Y 2 v L ORBRET S,
@ i FORE |
B = o - OB L DM TE < b, TSGRk
5 12 LA Ug s & 22 v, |
(F=92HBY |
a. BEHOPEAIC L 5N EIIIED,
b. #4 7, h—A, Fa— FTHEOBNIC L BRGELIZAZ VS,
co Al TAATRVEHECALDEZENTEENE S0,

1.5 REE (972707
5.1 EEBORN . o
| RREESERE S FEE R UTH 505, NI LY L mAq Rilik 7 7 v
1 mAg BlE10mAq ( Lke /cf ) K% 787,10 mAq DLER 2w 7Ly RS,
A e L, (FBBRIC & ) 2 — A L BRBEICARISh, # — KT B
Wt L AORICSHEN B
Table 11. 16 M OHY, ¥k Fig 11-30 20 FikBE A4,

H—11 —56



Table 11.16 Characteristic comparisen of blowers

System
Item

Axial flow system

Turbo system

Multivane system

Radial system

Range of use

Efﬁciency(%)

Efficiency curve

Starting
Noise (dB)

Limit surging air
capacity (%}
{againsl air capacity
at maximum
efficiency point}

Applicatiohé example

Air capacity

1- 10,000 m*/min

Static pressure
1 mmAq - 1 kg/cm?

80-92

When varied from
the planned air
capacity, rapidly
decreases;

Fully open damper.
39-55°

70- 80

For ventilation fan
(buildings, architec-
ture, tunnel), for
boiler forced draft,
for induced exhaust,
for mine blower

Air capagity
1 - 10,000 m*/min

Static pressure |
1 mmAq - 1 kg/em?

70 - 85

Shows no rapid
decrease,

Fully close damper.,
32-44

30 - 60

For various blowers
for steel mills, for dust
collecting tunict
ventilation, for beiler
forced draft, for .
induced exhaust, for
cement kiln exhaust

Alr capacity
1- 10,0600 m*/min

Static pressure
1 mmAq - 1 kg/cm?

50- 60

Cdmparatively
smooth

Fu][y close damper.
22-41

60 - 80-

For various blow
and exhaust for
steel mills, for -
boiler forced draft,
for building and
tunnel ventilation.

Air capacity
1- 10,000 m*/min

Static pressure
1 mmAq - 1 kg/cm?

60-70

Shows no rapid
decrease.

Fully close damper.
28-42

50-70

For various blow -
and dust collection
for steei mills, for
boiler induced draft,
exhaust for gas re-
circulation, for
cement kiln exhaust

Figure 11.30 Characterlstic curve for various biowers
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{3) ﬁ%%mﬁ _
BB BN Sh D MEME, B B2 I CR IR AR DS <
BNB, HEHMEROBOIIE, I BEARBRAGHSh %, Z0Ba,
ERSO TR AOELE (G D?) RAXTNDT, +5EH L TR 3BTRS 5,

BEMEO MY ( L )i, KR L5,
1

t

LM=LX¢ (W) vrrvervone i e s e et s e ee e e o

felZL, 8 REE
_ P EEHE
¢ RO 7 Dfiitd, Table 11, 17 R Table 11. 18 12 X 3,

Table 11.17 Value of 7,

1 stage parallel shaft 1 sfdée parallé] shaft ~ Constant speed type  Constant speed type

type gear reducer with  type gear reducer with - fluid coupling with fluid coupling with
transfer power of - transfer power of . transfer power of transfer power of
55 kW or less 55 kW or more 100 kW or less 100 kW or more
0.95 _ 0.96 0.94 ' 0.95
V-belt Flat belt Direct—éOupled

0.95 0.90 1.00

Table 11-18 Values of ¢

Pro_f}eller fan Disk fan Multivane fan ~ Turbo fan Plate fan Profile type fan

130 150 1.30 1.15 1.25 1.15
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Flgure 11.31 Factors for blower electric power conseruation
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@ HEOLORBE AT

O, HETAE A,
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b BHEERBONE

¢. BBBOHT
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Table 11.19 Comparison of various starting systems

Starting ir , ‘ Starting Starting  Voltage Eleclronagnetic.  Armature heating  Problems when slarfing at
) Composition diagram . . s .
system current torque . when starling  force - capacily multi-frequency
Direct 100 100 100 100 { en? ,v% Power voltage drop,
starling . @ "%M (6 to 7 times - (About 150% (In proportion IOOL 710 1l Motor life, Breaker life
I ~ . full-toad on rated to square of
) .. urgent) torquc) current)
Reaclor 50,6580 25,42, 64 . 50,6530 25, 42, 64 100 Reactor heating capacity,
starting (Standard tap) ’ motor life, bréaker life
. Closed ciy- 25,42, 64 25,42,64  50,65,80 25,42, 64 100 Starting compensator
cuit tran- (Standard tap) heating capacity, motor
sition auto- life, breaker life
transformer
starling
VVVEF 17orless  70orless  0-100 (In 2-3 (Large Hardly any Transient turqué {when
Starting (Any value (Any value properfionto when thereis o switchied from VVVF to
below rated dbelow rated  speed) inrush current) main power sourcé},
current) torque) inrush current (when
switched from VVVF to
main power source),
_éﬂecls from higher
“harmenic (motor
temperature rise,
occurrence of shaft
voltage, resonance of
pulsating torque and shait
torsion, surging voltage
when commutating)
Secondary 15 - 40 80 - 200 100 3-15 Hardly any External resistance
side (Optional)  (Optional) {Consumed by heating capacity,
resistor external resist- breaker life, slip ring
starting ance) heating capacity,
(limited to mechanical life of brush
wound-rotor lifting mechanisms, lile
type} of motor for brush lifting
(Note) (1) Vaiue &l direct starting is regarded as 100%.
{2) Siam'ng torque is generated larque.ﬂf motor and shall be (Staning terque + Stalling 1erque)/2.
Table 11.20 Life of switch (when not repaired)
. Electrical life
Mechanical life S .
(rated current opening and closing)
Oil breaker 10,000 times 2,000 - 5,000 times
Vacuum breaker 1 0 times, p. o1 10,000 times
_ 0.00 CS) Passible also for ST R
Gas (SF6) breaker 10,000 times/ >0>000 times 10,000 times

High voltage electro-
magnetic contactor

5 million times (Class 1)

500 thousand times (Class 1)
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Table 11.21 Method to reduce blow air capacity {fixed system)

Main classification Sub-classification

Reduction in blowing capacity ~ When blowers are operated, reduce the number.
Replace blower. Blower imp_eliers (replace or cut)

Damper, vane opening adjust-  Reducing damper opening
ment . AR Reducing vane opening

Change in rotating speed Replace motor. _
Replace belt-driven pulley.
Insert or replace reducer.

a. BEH | |

RO EREE 2 AR FAMELTWSH A, Figure 11 321057
FESICHERRE Q0SEID QBT 2BA, ¥y SLRERD
L IS . @05 OIS BLTRD S, & OMBOTER I, x Qs 1o,
o+ Ba '
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Figure 11.32 Performance curve durlng paraliel operatl'on
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Table 11.22 Damper, vane opening adjustment

. Method

Diséhargg damper opening ad-
justment . Lo

Intzke damper opening'adjustment
(discharge side piping)

Intake vane control

Changing the rotating spced

Principle

Change blower resislance curve
by intentionally. increasing re-
sistance of the piping system,

Since damper resistance is pro-
vided on intake side, it serves as
anecgative pressure and pressure
curve slightly changes. Axial
power curve akochanpes slightly,

Reduce the impeller work done by
intentionally changing gas flowing
angicagainst blower impellers, thus
changing the pressure and power
curyes at the same time.

- Air capacity is in proportion to

the rotating speed, the pressure
to square of the rotating speed,
and the axial power to cube of
the rotating speed.

Diagram of
principle

Smadl damper
apening

Static precuit P

" Statle presure P

s
€. L
e 73“ L I 7
P !
i

When damper is closed, resist-
anceincreases and opéra!.ing point
changes from (P,, L, G} to (P, L,
@Q,). Note: Operating pointis a
point of intersection of pressure
and résistance curves.

When damperis closed, pressure
curve falis and operating point
changesfrom (P, L, Q) to (P, 1,
Q).

Statikc wuﬂp

2

Al capacity Q,Q,

Reducing vane lowers pressure
and axial power curves. Operal-
ing point changes from (P, L, Q)
to (P, L,, Q,). Reductionin axial
power is far larger than damper
opening adjustment.

Changing the rotating speed from
N, to N, shifts the pressure and
axial power curves from (1) to
(2), and the operating point from
P, L, Q) 10 (P, 1, Q).

Special
features

1} Surging area is wide and ef.
" fective air capacity control
cannol be performed.
'2) Axial power does not lower nuch
even in low air capacily area.

1) Surging areals narrower than
for discharge damper,

2) Axial power lowers almost in
proportion to air capacity.

1) Same aa at left.

2) Axial power lowers almost in
proportion to air capacity and
tends to lower much more
than the intake damper.

Axial power lowers most and this
is the best method for electric
power conservation,

1165



d. EHEMOEE (BN 7 — Y ROEE)
MR OEERE N & Fhig,
Qe N
P-oc N2 ’ ....‘......(6)
LecN?®
OBIGENH DO T, BEROEWEDERICRD B A 52 LXWHABE, KFE
&%m$w¥écm5ntﬁb.:@ﬁﬁ@%%.wok&ﬁﬁbfbiiﬁ
b PO X 5 IHBICHE, T R A0 T, AROKIIBESE X <7
HL. DB A EREATET 52 L 0RO S EETETHS, ER,
A PEREBOBE, Y- VEREELTRENF ERSE50E, BROHE
D-D2TH D,
e. AERX
BEOTEHEARICH, Table 11. 23 @RT X5 hHRMND D,

Table 11.23 Method to control air flow (variable system)

Discharge damper control (Variébie) Intake da‘ﬁlbe_r c(.}ptrbgl (Variable) -
Intake vane control (Variable) Change in nﬁﬁber of.ptf)l'e.s
Eddy'current céupling contr;jl : Sécond;ry resistance. éontrol
| VWF control Scherbius control
) Others
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Figure 11.33 Comparison of blower motor's Input
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Table 11.24 General classification of pumps

. _ —— Centrifugal pumf)s
—— Turbo pumps - Mixed flow pumps
' Axial flow pumps

Pumps —— Positive displacement pumps —-I:: Ee?p rocating pumps
otary pumps

" Jet pumps.
L Air lift pumps

‘—— Other types
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Figure 11.34 Pump shapes
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Figure 11.35 N, and impeller shape
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Figure 11.36 Performance curve of pump
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