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1. Introduction to Energy Conservation

1.1 Thoughts on the energy conservation

i.1.

Effective use of energy sources existing in the nature

The technological developments have enabled the use of solar thermal power generation,
geothermal power generation, wind power generation, wave powcr generation, solar
cells, solar thermal hot-water supply system, and the illumination system using daylight.
It is considered that the active application of these clean energy sources constitutes energy
conservation in the wide sense.

1.1.2 Technological developments of energy conservation equipments

Technological developments of equipments which conserve energy should be actively
promoted. The energy conservation equipment must decrease energy consumption
without losing its functions or performances. In order to develop these energy
conservation equipments, it is necessary to conduct a detailed investigation of the
functional requirement, performance. and energy consumption process and to investigate
thoroughly the efficient design of the structural elements, the way to decrease energy
loss, the combination (0 make the maximum efficiency system, and the maximum
efficiency operations. Also detailed analyses, checks, and technical improvements should
be made in these areas.

Concurrently with the technological developments for energy conservation of the
equipment itself, it is necessary to actively promote the developments of the equipment
which assists for operational control of energy and reduction of labor.

For instance, there are various measuring instruments which monitor the energy
consuming systems, and automatic control equipment which control to maintain the
maximum cfficiency operation of the systems. Specifically, these include various types of
automatic monitors, automatic controllers, automatic recorders, energy-load distributors,
process controllers, demand monitors and controllers, optimal combustion controllers,
and automatic power factor controllers.
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1.1.3 Rational uses of energy

1.2

The rational use of energy is to construct the optimal system by the optimal equipment
and to maintain and manage the system properly. So it is necessary to establish a
management system for the rational use of energy. In other words,

« The level and quantity of energy is recorded. its detail is analyzed and studied, and the
situation is grasped.

« Research is conducted with respect to the thermal efficiency, the power consumption
rate, the load factor and the power factor, attempt to reduce the waste energy is made,
and the energy consumption system is controlled at an optimal efficiency operation.

+ Study is conducted to standardize labor and arrange processes efficiently, and the labor
and energy loss 1s reduced.

* An attempt to cut down the loss 1s made through renewal of equipment. simplification
of maintenance, and other improvements to the facilitics.

« The effective use of wasted energy is studied.

Above mentioned is summarized by Figure 1.

Rationalization of electric power consumption

Electric energy has the following characteristics:

1y Itis not a fuel in itself.

2) Itis a multipurpose energy source (motive power, heating, lighting).

3) Itcan be generated from many sources: water, coal, natural gas, oil, atomic energy,
waves, winds, solar energy, etc.

4) It is clean in use.

5) It cannot be stored. The quantity and timing of its use are determined by the
consumer, not by the supplier.

6) Special measures are required in its use such as prevention of electric shock.

Since electric energy has many favorable characteristics in transportation, control, safety.

stability and reliability, it is used for a wide range of purposes such as heating, motive power,

lighting, communications and information processing.

The important steps for rationalization of the clectric power consumption are first to pose

problems regarding the current energy consumption situation, to obtatn an accurate grasp on

the current situation, to clarify the problems, and then based on the situation, to set targets, to

make improvements, and to use those results for the feedback.

1.2.1

Grasp on the electric power consumption situation

Obtaining a grasp on the electric power consumption situation can be summarized as

follows:



(1) Daily and monthly electric power consumption

(2) Daily and monthly load curve

(3) Maximum power, its time and its cause

(4) Daily and monthly power consumption by each process or use

(5) Electric power consumption rate (EPCR) by each product or process
Electric ener

EPCR = b, duction amount

(6) Voltage and power factor

It is important to understand power consumption in relation to the production, the

operating state of the production facilities, and product items. Similarly, the calculation of

EPCR is important in setting the targets for rationalization of the power consumption. It

is necessary 1o select most suitable calculation method for each plant and process.

1.2.2  Improvement of electric power consumption rate

For improvement of EPCR, it is important to catch its change, classify it into cach

production process and cach raw material and associate EPCR with changes in the

processing method and for technical improvement. It is also cssential to determine the

target value for EPCR in each production process and set to work a problem which can

be improved casily.

[mportant items to improve EPCR are described as follows:

(1) Placement of measuring instruments
Provide with measuring instruments at important points so that the electric power
consumption for each hour may be measured and checked periodically. It is
necessary to grasp the load condition, maximum electric power and EPCR from the
results of measurement. If there is any problem, it must be solved quickly.

(2y Electric power management
Optimize voltage and capacity in each distribution line and endeavor to introduce
high-efticiency electric equipment, operate them cfficiently and reduce troubles.

(3) Equipment management
Optimize capacity for the production equipment. intend to introduce and operate
high-efficiency production equipment, and endeavor to prevent troubles by good
maintenance. Special attention should be paid to troubles with the electric equipment
since they are liable to cause the interruption of operation, the equipment damage and
accident resulting in injury or death.

(4) Process management
Rationalize the operation processes and improve the layout,



(5) Quality control
Establish an overall company cooperative system for quality control and endeavor to
reduce defective ratio.

{6) Participation by all employees
Enhance employees' consciousness for improved productivity and cost, and
positively promote a work improvement proposal system and QC circle activities.

1.2.3 Improvement of power factor

When AC electric power is supplied to a load, the electric power is generally less than the
product of the voltage and current. In this case, the ratio of the two is called "Power
factor”, and is expressed by the following equation.

Power factor = E[: 1% FOOGE (1)
Where P :  Electric power (W)

E : Voltage (V)
[ : Current (A)

P o E L COS O it e e e e e s (2)
0 . Phase difference between voltage and current
L= D e 3)
Ecos0

Then, the current increase in inverse proportion to the power factor. Condensers are
gencrally provided to improve the power factor. Its cnergy conservation effect is obtained
by reducing the surplus current and resistance loss of the distribution line or the
transformer.

Effect obtained by improvement of the power factor is described below:

(1) Reduction effect of distribution line loss
Since power loss in the distribution line is given by (Line current)? x (Line
resistance), reduced distribution line loss (Pp) by a condenser for improvement of
power factor in Figure 2 is determined by the following equations:

a)  Equation for three-phase circuit
PL=3X{Lo?= I )X RX 1073 (KW) e, (4)

Where

Betore improvement

o2 = P y P: !
Lo~ =1{- ' = 2"

V3 x E X cosBy 3E- os20,
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Figure 2 Reduction effect of distribution line loss

After improvement

P 2 P? 1
I 2= = ¢ —
L1 (x/ﬁ x E X cos8 3E? 0520,

1 1

I 02 - 2=— { -
- . 352 cos20p cos20,
Hence,
P = E>< 1 L IX R X 103 (KWY i

( _
E? cos20y cos28

In equation (5), substituting
1 1

_ =k,
cos28, co0s20,
P, = gzxk X R X 103 KW e
Where,

2

% = 3 cosBy * I ,2

Hence,

PL=3x (I, x cosBp) X Ky X RX 103 (kW) oo,

Equation for single phase circuit

PL =2 X ( ILO2 - Il,lz) X R x 10_3 (RW) ..........................................

Where
Before improvement

11,02 = (

2

Ecos20,



After improvement
P,
=0 =)
Ecos8,
P: I 1
A B _
e R cos?0, cos8,

Hence
p2 | |
P‘-=2XEJX( - X R EOY (KW)Y (9
cos8,  cos0,
= 2><E;>< ki X 103 (KW) oo, (10)
= 2><(I“]XC056(,)3X1(1 XRX 101 (kW) ................................. (ll)

P (kW) : Load power
l,o(A) : Present load current

I,; (A) : Linc current after improvement
E (kV) : Line voltage
cos8, : Present power tactor

cos8, : Power factor after improvement
¢) Calculation example
One calculation example of reduced loss in three-phase distribution line by the
equation (7), as is shown in Table 1.

Table 1 Calculation example of reduction effect of loss in three-
phase distribution line due to power factor improvement

Resistar{;_'ievv;lue ( l} | '
of distribution Length Present | Present | Load current after Reduction of loss in
line and cable | of wiring | power factor|  load improvement wiring
R: (Size of | t (cosBy) current ’ : S
cross section) : cosB)= ().‘)m cos=0.95] cosf = ().9()[ cos8=0.95
Q/km ]i m A A A ‘T kw kW
020 (100 m2 | SO0 0.60 131 873 82.7 287 A0
or equivalent) 0.70 131 | 102 96.5 a4 230
(.13 (150 m?2 71 500 0.60 219 146 138 518 5.6
or equivalent) ' 0.70 219 170 161 3.68 4.26
0.10 (200 m2 | 500 0.60 262 175 165 5.74 6.21
or equivalent} 'I - 0.70 262 104 193 4.08 4.72
008 250 m2 500 0.60 306 204 193 6.25 676
or equivalent) 0.70 306 238 225 1.44 5.14
L 0.06 (325 m? 1| 500 | 060 | 350 233 221 6.12 6.62
_orequivalent) 0.70 50 272 25% 4.35 5.04




(2) Reduction effect of transformer loss
Power loss in transformers consists of "Iron loss" which occurs in iron core, and
"Copper loss” which occurs in coil, of which "Copper loss" is greatly affected by
the power factor.

a) Equation
Reduced transformer loss (Pt) by a phase-condenser on the secondary side of the
transformer as shown in Figure 3 is determined by the following equations:
However, it is assumed that Total load loss of transformers: Copper loss = 1 : 0.8.
The equations are the same for both single and three-phase.

100 4 P 1 1
Pt = (—-D)x=zx{G)1Px - XL, (kW) .. 12
(= DXX X (o= ) X Lo W) (12)
100 4 P
= (T—l)XgX(i‘;)zx}(]XLo(kW) ..................................... (].3)
= K XK X L (KW ) i e e (14)

where,

100 4 P
k= -Dxgx(r

Transformer
_@_,—, Transformer rated capacity ¢ Lo (kVA)
talnwel I Transformer efficiency : N (%)
AR L Load power . P (kW)
— Present power factor : cosBy
Condenser

Power factor after improvement : cos8,

Figure 3 Reduction effect of trnsformer loss

Table 2 Calculation example of reduction effect of transformer loss

Transformer Lo=300kVA N=98% | Lo=S500kVA 1=985% | L,= 1000 kVA 1=99%
specification

PiLy 0.5 0.6 0.7 0.5 0.6 0.7 (.5 06 | 07
cosfy ~— cosb, kw kW kW kW kW kw kW kW kW
(.60 — 0.90 1.89 2.72 3.70 2.35 3.39 4.61 3.12 4.49 6.11 |
0.60 - 0.95 2.04 2.95 4.01 2.55 3.67 4.99 3.37 486 | 6.6l
0.70 - 0.90 (.99 1.42 1.93 1.23 177 | 241 .63 2.35 3.19
0.70 - 0.95 1.14 1.65 2.24 1.42 2.05 2.79 1.88 272 3.69
Note: 1. P Load power (kW)

Ly : Transformer rated capacity (kVA)

2. Loss reduction (Py) is determined from equation (14}



(3)

a)

b)

¢)

One calculation example of reduced transformer loss by the equation {14) is shown
in Table 2.

Effect by reducing bus voltage drop

Decreasing bus voltage drop and energy conservation

Since improving the power factor reduces the line current, voltage drop in the

distribution line can be reduced, which is, to a large extent, energy conservation.

That is, the following various problems caused by the increasc of the voltage drop,

can be reduced by improvement of the power factor.

a. Life of fluorescent and mercury lamps, etc. becomes short and the brightness
lowers.

b. In electric heaters, the operating efficiency lowers because heating capacity
decreases in proportion to the square of the voltage.

¢. Ina constant load state, load current of induction motors increases, so motor
efficiency lowers and distribution line loss increases because motor torque
decreases in proportion to the square of the voltage.

It should be noted that when more condensers than required are operated in a light-

load time zone such as on holidays. at night, etc., the bus voltage to the contrary

rises excessively, thus resulting in shortened life of all electric equipments such as

motors, lighting appliances as well as the condensers themselves. Therefore,

unnecessary condensers must be switched off by means of an automatic control

system, etc. as described later.

Equation

Voltage drop reduction value (namely, voltage rise value) AV due to condensers can

be generally determined by the following equation:

Qc

AV=roc.

XAOOTE) oo e e (15)

Where R.C. : Short-circuit capacity of condenser-connecting bus (kVA)
Q¢ : Capacity of condenser (kVA)
Example of calculation
Bus voltage rise value AV 1s caluculated as follows, when 500 kVA condenser is
connected to a bus with short-circuit capacity of 125 MVA.
AV = 500 (kVA)

= x 100 = 0.4 (%)
125 x 10} (KVA)

(4) Margin capacity for distribution equipment

Load in distribution line decreases by the line current reduction due to the
improved power factor, Namely, the equipment will have a margin in capacity.



4. In the existing equipment, it is possible to increase the load without equipment
expansion such as re-installation of the distribution line and increased
transformer capacity,

b. For new cquipment, cost can be saved because of equipment with a smaller
capacity.

Load increase by improvement of the power factor in the existing distribution

equipment varies with the power factor of the extension load in addition to the power

factor before improvement {cos6y), and the power factor atter improvement (cos0)).

The ratio of extensible load capacity P{(kW), when the extension load power factor

is identical with the load power factor after installation of the condenser., to the

existing load capacity Py (kW) that is, (ks) is determined as follows.

P,
ki =
S
Then
Py - Py + Py _ Py + k3 » Py
cosBy cosB cos0,
Hence
cosB
Po(l +k3) =Pye "
cosBy
s0
kam S (16)
cosBy
[Example]

(6)

a)

When a 100kW load at a power factor of 70% is improved to 95% of the power
factor, k3 = 0.36. That is, a load of 100 kW x 0.36 = 36 KW (power factor 95%:)

can be increased with the present equipment as it is.

Reduced electric charge
In most case, there is bonus and/or penalty system for power factor in electric

charge. Accordingly, improving the power factor reduces the electric charge.

Selection of condenser connection
Connection and effect
There are many points to be considered when connecting a condenser as shown in

Figure 4.

~ 10 -



a.

i

@
I (A} Incoming high voltage bus
L {B) Sub s/s high voltage bus
~ , (C) High voitage load direct
- @ — (D) Low voltage bus lump
B (E) Low voliage load direct

Figure 4 Connection points of condenser

Receiving power factor improvement effects

It has almost nothing to do with the connecting point of condenser.

Required condenser capacity

Generally, since more condensers are dispersed, the smaller their utilization
factor (operating time) will be, the total capacity of required condensers will be
the larger. In Figure 4, when all condensers are installed at (A), a required
condenser capacity may be calculated for mean power of all loads, while when
dispersed to (B) ~ (E), a condenser capacity to meet load for a restricted area
must be calculated.

Reduction effect of power loss

It is needless to say that the closer a condenser is installed to the end of the
distribution line, the greater the effect will be and, the longer the line length is the
greater the effect will be.

Increased equipment margin capacity

Increased equipment margin capacity due to condenser occurs in the distribution
line, cable and transformer inserted in a series between the condenser connection

1=



b)

(7

and the receiving end. Therefore, the closer the condenser is connected to the
end, the greater the effect will be.

Reduction effect of voltage drop

Since reduction effect of voltage drop due 1o a condenser is determined by power
source impedance viewed from the connccting point, the etffect will be larger
when it is connected at the end.

Determination of condenser connection

To obtain the maximum energy conservation effect, condensers should be connected

to the end of all of them. However, taking into consideration other conditions such

as investment effect, etc., the practical way to determine is as follows.

i

Directly connect to a load with comparatively large capacity (See Figure 4 (C),
(E)).

Collectively install at the point of concentrated small loads.

(See Figure 4 (B), (D).

For improving receiving power factor connect to the receiving high voltage bus
(Figure 4.(A)).

The above methods should be determined according to each user's conditions on

a basis of this information.

Automatic switching control of condensers

Operating unnecessary surplus condensers increases the distribution line and

transformer losses and causes the problem due to rises in the bus voltage, thus

decreases the energy conservation effect. Therefore, a switching control should be

required. Especially since condensers installed at the end of the load are considered

difficult to control manually, it is recommended to use an automatic switching

control. The automatic switching control mainly has the following four systems:

a.
b.

d.

System to switch synchronizing to load on-off signal

System to switch according to increase or decrease in load current (Current
control)

System to switch according to increase or decrease in line reactive power
(Reactive power control)

System to switch by means of a time switch (Programmed control)

It is necessary to select a suitable system according to the load fluctuation pattern.

One example of selection is shown in Figure 5.
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Figure 5 Condenser control system

1.2.4 Improvement of load factor

Load factor is defined as shown in equation (17).

Mean power (kW)
Maximum power (KW} XLOO (P} v (17)

Load factor =

Improving the load factor provides the following advantages:

(1) Since capacity for the receiving and distribution equipments, etc. can be effectively
utilized, the equipiment investment can be saved.

(2) Itis possible to know operating conditions of the factory and machine equipments
and to eliminate waste by checking the load curve and load factor.

(3) About electric charge, it is possible to reduce the demand charge by lowering the

maximum power.

The method for improving the load factor is shown as follows.

(1) Draw and study the daily-load curve
A graph of one day power consumption in relation to time is drawn, and using this
daily-load curve, the load shift should be determined.

(2) Extend the operating hours of machines
The extension of the facility operating hours should be attempted through
mechanization and automatization, for using these facilities evenly throughout the

day.

- 13-



(3)

(4)

Shift load to the light-load time such as late night

The peak should be reduced through such measures as the operation of the air
conditioning and heating systems late at night by using the heat accumulation, using
the electric power equipment for only late at night, and the shift of operations of the
large-capacity equipments and test equipments to the light-load hours or practicing
time-differential operations.

Conduct an appropriate maintenance of the instailations

It is necessary to promote appropriate preventive maintenances and productive
maintenances in order to limit malfunctions to a minimum and to equalize the load.
Improve the transport and preparation works

It is necessary to attempt the reduction of idle hours and empty rotattons, to improve
transport, preparations, and layout so that work progresses smoothly, and to
conduct appropriate operational control.

Introduce the load control

One method is to limit the maximum power and to conduct load control by using

demand controller. load controller, ctc.

~ 14 -



2. Energy Conservation in the Electrical Equipment

The electric power is a clean energy which is casy to use and is indispensable for the
advancement of industry and the improvement of livelihood. [t is predicted that in the future,
the electric power will lead in the increase as a demand for encrgy. Hence, the energy
conservation in the electrical equipment is the mission of the electrical equipment makers and
users, and from the standpoint of the users, it is necessary to engage in the energy conservation
on electrical equipment, within the context of the minimization of production costs,

As the fundamental fuctors determining energy conservation in the production processes
are the method of production, the layout, and the control of production, it is necessary 1o study
these to formulate the energy conservation design. These relationships are shown in Figure 6.

The electrical equipment is one of the important element of the production processes. As
shown in Figure 7. these electrical equipments generally have a high efficiency, with the
exception of illumination, and it is difficult to achieve significant energy conservation of the
production processes. by these measures on electrical equipments themselves. Itis required to
take the step of seeing the entire view of process and then proceed on to the parts within this
whole.

Raw material Production process Product

Energy conservation design

Low-energy and low-cost production process.

A layout with a short distance and time required for
the transportation of raw materials and products.

A layout with a short distance required for the
transportation of water, electricity, gas, and air.
Production control of the continuous flow of raw
materials and products.

Figure 6 Energy conservation design for the production process

15—
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2.1 Compressors

Energy conservation countermeasures for pneumatic systems are mainly divided into for
air compressor, piping and air-operated apparatus.

Power used for compressors is generally given by the following equation:

(a+ 1) K PQ Py . k-1 P
K- '6120'[( P,/ Kean T ']' o

L. : Required power (unit; kW)
Ps : Absolute pressure of intake air (unit; kg per square m)
Py : Absolute pressure of discharge air (unit; Kg per square m)
Q. : Amount of air per unit time converted to a state of intake (unit; cubic m per minute)
a : Number of intercoolers
K : Adiabatic coefficient of air (1.4 for air)
Ne : Overall adiabatic efficiency of compressor

L =

N : Transfer efficiency
¢ : Allowance
Values 1), and 1, shall be given by the manufacturer.

_(@a+ DK PQ [ Py, k| 2
L_ K—l 60 [( P\) Kia+ Ly — l]

Ne M
where,
Ps : KPa
Pd . KPa

Accordingly, to reduce power for compressors,

(1) Lower temperature of intake air. Also, improve the cooling effect in the intercooler.
(2) Lower the discharge pressure. Also, reduce the amount of air used.

(3) Select compressors and systems with high efficiency.

(4) Prevent air leakage from the compressor proper and piping, etc.

(5) Intensify management for the entire system for compressed air.

2.1.1 Intake air and intercooler

When intake temperature rises, air density generally becomes smaller and the actual
volume of air sucked with the same power reduces. Since this relation is in inverse
proportion to the absolute temperature of intake air, for example, changing intake side
temperature from 35° to 25°C reduces power by 3.3%.

Therefore, the air intake opening should be located at a cool place where it is not exposed
to the direct rays of the sun. Insufficient cooling in the intercooler brings air compression
close to adiabatic compression and increases the compression power on the second stage
and after. Since lowered efficiency of the intercooler is caused possibly by lowered heat
transfer efficiency due to adherence of scale or slime, or insufficient amount of cooling
water, it is necessary to clean the inter-cooler and work out other appropriate

countermeasures.

- 17 -



2.1.2 Discharge pressure and amount of air
In equation (1), lowering discharge pressure of the compressor reduces the axial power
q g £ I
greatly. Table 3 shows an experimental example of a compressor actually in use and the
required power could be reduced by about 4% by lowering the service pressure

I kg/em-.

Table 3 Actual measurement example of compressor performance

(1) Discharge pressure and motor input (kW)
\[ Pressure (kg/cm?G)i : ‘ ! |
|

Load (%) 6 | 5 4 ‘ : |
| 100 - 226 216 205 | 190 . 166 ‘
50 ‘ 156 150 144 134 ﬁ 120 |
(2) Load (flow rate) and motor input
Load (%) | o 50 100
| Discharge amount  (m¥min) ! 0 i 20 _ 0
| Input (kW) | 44 ‘ 132 220 |
(3) Compressor specification
: Discharge pressure. (kg/em' C) ] 7 7 j
‘r Discharge amount (mYmin) 1 40 ‘
Capacity adjustment (%) i (0. 50, 100 3 stage !
Motor | 33KV 220kW |

Figurc 8 shows an example of characteristics of 37 KW air compressor.

Generally. many machines and tools having the same capacity differ in the pressure of air
required. Theretore, if possible. study thoroughly and standardize service pressure of
machines and tools in the whole factory to the lower one, to reduce the required electric
power.

When there is equipment requiring high compressed air such as pressing machines in the
factory, it is economical to install a booster for exclusive use.

Also. since reduction in the amount of air used is almost in proportion to reduction in the
power cost, It 1s better not o use compressed air for cooling. cleaning. elc., if possible
and 1t is also better to control the condition for use thoroughly by re-checking the nozzle

diameter, etc.



8

[U— ‘*\

‘q £

&7 S n

27T \ Amount of

£ = 6 compressed air

B 5 ]

=

3

g 40 |
.——-“/—-—.—-—-—

30

& / Consumed power

S — I E—

g Compressor:

2 reciprocating type

w 10 37 kW, 970 rpm

E water cooling

«2 0 ! i l

S o I 2 3 4 5 6 7

Pressure of exhaust air (kg/cm?)

Figure 8 Characteristics of 37 kW air compressor

2.1.3 Selection of kinds of compressors and operation systems

From the standpoints of efficiency it is important to take next items into consideration
when selecting the kinds of compressors:

(1) The larger the compressor capacity is, the higher the efficiency is.

(2) The more the number of compression stages is, the higher the efficiency is.

(3) When operated with the load factor nearer to 100%, the efficiency is higher.
Therefore, in a factory where light load operation is performed during holidays, operating
a large-capacity compressor causes a great power loss and, therefore, it is advisable to
separately install a small-capacity compressor which is capable of operating at a load
close to 100% on holidays.

Also, when two or more compressors are operated in parallel, it is important to control
the number of the compressors in order to make the compressor load factor as high as
possible. When the load fluctuates, operate the rotary type compressor at base load and
operate the reciprocating type compressor to correspond to the fluctuating load. This
serves for energy conservation in the respect of efficiency of both types. Table 4 shows

classification of air compressors by pressure range.
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Table 4 Ciassification of air compressor
, S | .
Main pressure

Type Class range (kg/em?) |

Applications
Reciprocatin | General purpose 7~8.5 2 stage compressor for 100 kW or more

|
g compressor | compressol Standard type for 1.OOO kW or less

. Intermediate 10~100 For petroleum refining. petrochemical
| pressure and general chemical industry processes
| COMPIessor . . .
P 150~1.000 For synthetic chemistry such as
High pressure ammonia, methanol and hydrogenation,
compressor ' ~Mostly large scale such as several |

1.500~3.500 thousand kW !

- Superhigh pressure Mainly, ethylene compressor for

compressor ‘ 785 synthesis of polyethylene and cthylene. ‘
; S
L Oilless compressor : COxygen gas. air for food processing |
‘ industry and instrumentation, ete. !
' Rotary ‘ bstage 3 |
0 sssor | Movable profile ! !
compressor. P | 2 stage | 8.5
compressor , . . .
| P | ; Air capacity 2~60 m¥/min,
I | stage | 7

Screw compressor

19

stage 7~8.5

2.1.4  Air leakage from clearance, hole, etc.
(1) Airleakage
Flow rate when air flows out from a vessel with a pressure of Py inside into a space

at pressure of Pais, from Bernoulli's equation

2 (P, - P»
Q=5 2 (P = Pa) VS ] e (2)
Where vy : Specific weight of air (kg/m?)
S . Effective cross section (m?)

P,. P> : Absolute pressure inside and outside vessel (P, abs)
Actually. compressibility and adiabatic expansion become problems and as a

practical equation,

Where C : Discharge coetficient
Since the loss due to this air leakage is very great, it is necessary to check the piping.

ete. for leakage and. if any. to repair and correct immediately. The leakage is in

reduces the leakage. Figure 9 shows the blow-oft air amount from a small diameter
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orifice. Figure 9 is used to determine the blow-off air amount when there is a
sufficient large capacity receiver tank and piping as compared with the size of the
blow-off nozzle. It is assumed that pressure in the tank and piping remains
unchanged during blow-off at normal temperatures. The blow-off air amount is
converted to a standard condition (20°C, 1 atmospheric pressure).

To apply practically, use selectively 0.97 to 0.65 as discharge value because values
in Figure 9 are based when discharge coefficient ¢ = 1 (See Figure 10.)

i/mn Standard condition

10 000 —
B0 —
600 /,____-T"'——-—‘ ']
400 7.0
/‘;/(_/f;ﬂl_-—-—-;‘;
P i R
2000 .
= [~ - i /&__,.l:
WY [
= Lo P / / e
i VA ———ery
) RN 0 Ay a = o = -
o VA AR — . e T T o
13 scH /[//; — T | __’_______,_E’-""—
R T x
z {’MZ ‘/ e 75
= —
: 100 L"‘./ - :
E m[[! I T : : : 3
S wf== : I i
- { _Z 1 i o
= 23L / Diameter of grif?.ce;u:
= r | 2
= / ”/’_l'_’/
9 /
E 10— : — } .
=] ab L : —. : :
- 7 T T T T
= g = i i
7 [ T
: Pl '
Z

) 1.0 2.0 3.0 ) 5.0 6.0 7.0
Compressed air pressure (gauge pressure) kg/cng

Figure 9 Compressed air pressure and blow-off air amount from nozzle

7

Figure 10 Shape of orifice and value of discharge coefficient

C=0,85
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(2) Measurement of air leakage

It is possible to measure air leakage by following method: first, operate a compressor
with the end closed and the pressure gradually rises as shown by (1) in Figure {1.
Stop the compressor at the specified pressure and let stand as-is. then the pressure
will lower with the air leakage as shown by . In the case of (), it shows that the
solid line has less leakage than the dotted line.

0.7———————~ ----—/—,\—\-—-—-—-Speciﬂcd pressute
t !
0.6¢ / N Working
4 ™~ p, ) pressure range
[ i
0.5¢ V] TR Y
-~ ty 2 \
o Y/ t, t ) .
g 0.4+ Rising, \‘\Falh.ng
) /
3 /
g 0.3r / — Small leakage :
& € Cu : Compressor discharge amount
x - ak .
'[' Large leakage Ly : Air leakage amount
0 t, : Time required for pressurizing
Time (min) to : Time required for lowering

(a)

Airl:a.l'::lgc amount
Li(='/ain)

Compressor discharge
- : amount C.(='/amia)

Induction motor Volume (Air lank and
F.=/7 Eleos 41(XW) piping system, e1c.)
Y (=)

(b)

Figure 11 Pressure-time curve

Assuming that pressure range (P to P2) is treated as a pressure to be practically used
(0.05-0.1MPa) and t), t; are treated as shown in the figure, the following equation

is formed.
Assuming volume of compressor equipment, piping system, etc. as Vi,
V=4 (Cy- Ly) = Ly 2 (m¥)
When air leakage Ly is determined from the above equation,
C.ty

o\ I YU
Ly= G+t (m¥/min)

Air leakage factor L, (%) is
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= L}' —
Lp=¢¥x 100=

Air leakage from compressor equipment (compressor proper, intercooler, air tank.

8]
+ 1

J X 100 (%)
¢le.), piping system, pneumatic machine, control circuit. ete. is checked by leakage
sound and the sprinkled soapy water.,

2.1.5  Management of compressed air equipment
Precautions for management of compressed air system are as follows:
(1) Management of compressor
To operate compressors In a stable condition at all times, items to be daily checked
are:
a. Is cooling water for compressors, aftercoolers, ete. well supplied?
b. Is not generated heat of compressors unusually high?
¢. s the pressure switch for unloader normally operating? Also, is the set value for
the pressure switch proper?
d. Does not the compressor give unusual noise?
Also, is the vibration within a normal range?
¢. Is the amount of the lubricating oil normal?
[s normal lubricating oil used?
. Is not the intake side filter clogged?
g. Does the safety valve normally operate?
Is the set value for the safety valve normal?
h. lsthe indicated pressure on the pressure gauge normal?
Also, is not the pressure gauge out of order?
1. Is the air tank drain ejector operating normally?

J. Isthe intercooler operating normally?

(2) Control of pressure
To control pressure. it is necessary to know the following points:
a. What is the minimum pressure of the line required?
: the minimum pressure to get stable control,
b. What is the maximum pressure of the line?
: the maximum pressure (o get stable control.
¢. What is the proof pressure of the line?
- the pressure which the control equipment will be damaged.
Set the pressure switch, safety valve and relief valve after knowing the above

maatters. ltems to check in this case are as follows.



a. Are the set values for the pressure switch, safety valve and relief valve in
the air tank and piping proper?
Are they operating normally?
b. Isthe check valve o prevent back flow of air operating normally?
¢. Is the regulator operating normally?
Is the pressure gauge used in the line normal?

Is not the indication out of order?

{3) Control of drain

For the drain valve installed. always discharge drain at Ieast once a day (preferably in

the morning when operation is started).

[Check ltems]

a. Discharge drain by means of the drain valves instatled in the air tank, piping
down portion, end of the piping and air filter,

b. Is the automatic drain apparatus operating normally?

¢. Forthe air filter and automatic drain apparatus, ctc., clean the internal elements
periodically.

(4) Control of pipe
Since air leakage causes energy loss and lowered pressure, take care to prevent
leakage as much as possible.
[Check Items]
a. Does not air leak due to looseness of joints?
b. Does not air leak due to breakage of pipe, hose or tubes?

¢. Can the stop valve, ete. be securely closed?

2.2 Blowers (fan and blower)

2.2.1 Characteristics of blowers
Although blowers and compressors have the same principles, below 10 KPa. 10 KPa to
below 100 KPa (1 kg/cm?) and 100 KPa. or the above in discharge pressure are usually
called "Fan", "Blower" and "Compressor” respectively.
For classification, they are mainly divided into turbo types and displacement types
according to the operating principle, and the turbo type is further classified into an axial-
flow system and centrifugal system.
Table 5 and Figure 12 show characteristics of blowers and the characteristic curves

respectively.
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Table 5 Characteristic comparison of blowers

Systemn

Item

Axial flow system

Turbo system

Multivane system

Radial system

Range of use

Efficiency (%)

Efficiency curve

Starting
Noise (dB)

Limit surging air
capacity (%)
{against air capacity
at maximum
efficiency point)

Applications
example

Air capacity
1~10,000 m*min

Static pressure
~3 KPa

80-~92

When varied from
the planned air
capacity, rapidly
decreases.

Fully open damper
39~55

70~80

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

Alr capacity
1~10,000 m*/min

Static pressure
I ~ 100 KPa

T0~85

Shows no rapid
decrease.

Fully close damper
32-44

30~60

For various blowers
tor steel mills, for
dust collecting
tunnel ventilation,
for boiler forced
draft, for induced
exhaust, for cement

kiln exhaust

Air capacity
1~ 10,000 m¥min

Static pressure
0.5~ 10 KPa

50~60

Comparatively
smooth

Fully close damper
22-41
60~80

For various blow
and exhaust for steel
mils, for boiler
tforced draft, for
building and tunnel
ventilation

Air capacity
[~ 10,000 mYmin

Static pressure
2~20KPa

60~70

Shows no rapid
decrease.

Fully close damper
28~42

50~70

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

(1) Turbo types
The turbo types have two systems: centrifugal system, and axial-flow system. In the
former, centrifugal force 1s caused by rotation of impellers housed in the casing
which provides the gas with speed energy, while in the latter, pressure and speed
energy are provided while the gas is being flowed in the direction of rotation axis by
rotating impeller blades with the blade section in the straight pipe. "Turbo type
blowers" is a general term for these types.

(2) Displacement types

In the displacement types, the gas is sucked into a chamber with a specified volume,

the inlet port is closed and the gas is pressed out to the discharge opening separately

provided while the chamber is being pushed, lessened and compressed. This



operation is repeated. The gas is pushed out by means of piston reciprocating
operation or rotary operation of cocoon type (roots type) rotor.

NPT
-~ N . Axial blower
%’ l\‘ | | - - = = : Turbo blower
é 150 : \IL_\L : | —+— : Muldvane blower
ﬁ
= LI
= T N ] T
=3 TS
3 i AN
~ T IPressure | ! {1 NG |
SR R RN A S
o [ [T F 0 N
g A LN
= ] tai e ] P sad
2 [+l [Efficiency [y [, —-,(__/ vl
&= W JAxal A e | T T e
= Rppevek@E s e ST T 10
e Pd R o
| A | ] 3
pZ [ Il g
OAI | 1 I [ i1 i1 E
%0 100 150 <

Air flow (%)

Figure 12 Characteristic curve for various blowers

2.2.2 Required power of blowers

(1) Air power (L)
Air power means effective cnergy given to air by a blower in unit time.

__ K Pu*Q Po
Le=gx 760 {(p[.)

K- |

L KW 0

Where P; : Absolute pressure on suction side (KPa abs)
P12 1 Absolute pressure on discharge side (KPa abs)
Q : Air flow (m? /min)
K : Specific heat ratio (1.4 for air)

When the pressure ratio is 1.03 or below, it may be calculated by the following

equation:
P.
L,= %Of LKV T e (2)

Where Pt : Total pressure of blower (KPa)
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(2) Axial power (L)
Axial power is obtained by dividing the air power by the blower efticiency (ng).
L= ST IKW oo (3)
nr:
The efficiency varies with the air flow as shown in Figure 12, but is generally
displayed by that at rated air flow. Its approximate figures are shown in Table 5.

(3) Motor output
Induction motors with simple construction and low-cost are generally used for
blowers. Squitrel cage type induction mators are used for comparatively smali-
capacity blowers. In this case, since the inertia (GD?) of the blower impeller is great,
it 1s necessary to sclect the motor after careful consideration. The motor output {Lyg)
Is determined by the following equation:

Ly=Lxy l LW (4)
M

Where ¢ Allowance rate
N @ Transfer efficiency
Values of ¢ and 1)¢ are from Table 6 and Table 7.

Table 6 Value of n;

' - oA N
! I stage parallel shaft I stage parallel shaft - Constant speed type Constant speed type ‘

type gear reducer i type gear reducer : flutd coupling with tluid coupling with
i with trunsfer power with transfer power of | transfer power of transfer power of |
ot 55 kW or less 35 kW or more D100 KW or less o 1O KW or more
' ! ‘ |
0.95 : (.96 0.94 : 0.95
V-belt ' Flat belt l Dircct-coupled
.r 0.95 ‘ (.90 i 1.00

Table 7 Values of o

[ ' 1 ! : i
} Propeller fan Disk fan | Multivane fan 1 Turbo fan © Plate fun * Profile type fan

|
1
1300 1500 5 1300 15 |

| 1.25 115

a7



2.2.3  Encrgy conservation for blowers

Factors for blower electric power conservation are shown in Figure 13. Namely, the

fundamental conception of the electric power conservation is:

* Reduce the operating time.

* Adopt high-cfficient equipment.

* Reduce air power.

Electric energy of | _| Operating iing | W
blower (kWh) || time (H) | X[ 1VIMng loss (kW)

Loss of control
equipment (kW)

Loss of transmission
| device (kW)

— Blower loss

L_| Air power (kW) = Air flow x Static pressure
60

Figure 13 Factors for blower electric power conservation

(1) Reduce the operating time,

i)

Too carly start of blowers before the fuctory operation, or very late stop of blowers
after factory operation is often scen in factories. Also. blowers in operation, in spite
of stop of factory operation by some troubles, are often seen in general factories.
Such useless operation of blowers is a significant adverse factor for cnergy
conservation.

The most direct method to eliminate the useless operation of blower is ON-OFF
operation of blowers. Countermeasures and precautions tor prevention of general
idie operation for motors were described in the section for Motors. However,
blowers generally have great GD? and special precautions for ON-OFF operation are
as follows:

Check the motor for mechanical and electric life

When new equipment is established, the daily number of start-up times as the
conditions is indicated to the manufacturer to order the equipment fit for the
condition ordered. However, when the existing blower being almost continuously
operated is going to be changed to ON-OFF operation. it is nccessary to carcfully
study problems concerning mechanical strength and heat, ete. of the motor caused by

trequent start-up.



b}

¢)

d)

Voltage drop of power source

When the blower has been started while other loads are at a stop, voltage drop due to
the starting current has not become a problem. However. when ON and OFF is
repeated while other loads are in operation, troubles by voltage drop of power source
may be occurred.

Electric machinery and apparatus are generally designed to perform their functions
even at a voltage drop of about 10% and they are likely to cause trouble at a voltage
drop of more than that, Theretore, in this case, appropriale counter-measures such as
reactor starting or adoption of VVVF will be required.

Life of starting equipment

Reuctors for start-up and starting compensator are generally of a short-time rating
and when they arc changed to very frequent use, the temperature of winding in these
equipments will increase, possibly resulting in insulation deterioration and a burning
accident. There, for very {requent use, it is necessary to carefully study the
temperature rise beforehand.

Others

Precautions should be taken for generated heat for power source ciable and life of
switches, etc.

Table 8 and Table 9 show comparison of various starting systems when an induction

motor is used for a blower, and general life of switches respectively.
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Table 8 Comparison of various starting systems

Starting . ! ) Starting Starting Voltage Elcctrgma A”“?“‘“‘ Problems when starting at
System Compositian diagram current torque wh_cn gnetlc hem”.”-" multi-frequency
starting force | capacity
Direct 100 j 100 100 100 ! 160 Power voltage drop. motor
starting vw7 (About ¢ (In propor- | GD2Ng= 1 life. breaker life
a Limes 150% on tion o L T
i—Cr-h—@"“}J"— full-toad | rated square of | [ip
Cmmans | current) | torque) current) i
Reactor 50,65, 80 25,42 50,6580 | 25.42 64 100 Reactor heating capacity.,
starting (Standard mator life. breaker life
il F'g tap)
Closed 25,42, 64 25,42, S50.63.80 | 25,42, 64 | 100 Starting compensator
circuit (Standard heating capacity, motor life,
transition ug tap) breaker life
auto- v
trans- A amrim
former
starting
VVVF 17 orless | 700r less | O~100 2-3 Hardly any | Transient torque (when
Starting tAny {Any (In propor- | (Large switched from VVVE 10
value value tion 1o when there - main power seutce), inrush
below below " speed) 1% inrush current (when switched
rated rated ‘ current} from VYVF to main power
current) | torque) source). effects from
higher harmonics (motor
lemperature rise.
occurrence of shafl
i ! voltage, resonance of
: pulsating torque and shaft
[ torsion. surging voltage
when commutating
Second- 18~dH) 80-~200 100 3-16 Hardly any | External resistance healing
ary side (Up- (- (Consumed | capacity. breaker hte, slip
resistor X -~ _g tional) tiomal) { Uby external | ring heating capacity.
starting C ! i { resistance) | mechanical lile of brush
(limited 'é,‘,_, | lifting mechanism, tite of
o would- o mator for brush lifling
rotor i
Lype) i
Note {1} Value at direet starting is regasded as 1004,
{21 Starting terque is generated torque of motor and shall be ¢Starting torgue + break down jorguey?

| Ol breaker

Vacuum breaker
Gas {SF,) breaker

High voltage electro-

magnetic contactor

Table 9 Life of switch (when not repaired)

Mechanical life

10,000 times

10000 times
HO,000 times

5 million times (Class 1)

I (rated current opening and closing)

——

Electrical life

} Possible also tor 50.000 times

500 thousand times (Class 1)

!

2,000~5,000 times

1L000 times
16,000 times




(2} Adopt high-efficiency equipment
Remarkable points are:
a. Efficiency of blowers
b. Efficiency of power transmission equipment
¢. Efficiency of moltors.
Especially for blowers, it 18 necessary to sclect the optimum type according to
fluctuation range for air flow, pressure and temperature. Recently. new products
with higher efficiency by improving shape of blade. even of the same type. have

been developed.

(3) Reduce air power.
As described in the section for compressors, lowering the air flow, pressure and
intake temperature reduces the required power. In the case of a blower, it is generally
used with an excessive air flow. For example. when dust collecting effect is
sutficient at reduced air flow, it is operated at tull capacity because the proper air
flow is not decided. Also. when a blower for cooling has no problems, even if the
air flow is reduced according to the season. it is operated at full capacity.
That is, to reduce the air flow, it is necessary o study the following:
a. What is the proper air flow?
b. To acquire this proper air flow, what is the most efficient method?
¢. Does not air leak from piping and at the place for use?
There are two methods to reducce the air tflow; stationary (fixed) type, and variable
type.

a)  Stationary types
Table 10 shows a table for stationary types.

Table 10 Method to reduce blowing capacity (stationary system)

Min classification Sub-classification

i
|
: f :
Reduction in blower ability When blowers are operated. reduce the number. Replace
blower. Blower impellers (replace or cut)

Damper, vane opening adjustment Reducing damper opening
i Reducing vane opening
I

Replace motor.
Replace belt-driven pulley.
Insert or replace reducer.

Change in rotating speed

3 -



a. Reduction in units

In case two blowers with the same specifications are operated in parallel, when
the required air flow is changed from Qjto 172 of Q; as shown in Figure 14, it is
necessary to change the resistance curve of the piping system including damper
from (3) to (5). The required power at this point is in proportion to P; x Q2. On
the other hand, when the operated blowers are reduced to one unit and the
resistance curve is changed to (4) the required power at this point is in proportion
to P| x Qa. That is, the difference in blowing power between two units and one
unit operation is in proportion to P; X Q2 = Py x Q2 = Q2 x (P2 - P)) and it gives
a great energy conservation effect. Since, in fact, the difference in efficiency is
added to this, this effect will be greater.

O @ |
Y, /
/
p, TS / / ®
e
. /
/. 7/
- ®
/ .
’ 4
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1 ) I B
’ 7 ;
s .
I's Ve ' '
s L : @ :
/. . .
s ' .
//// ! H
//,’ : :
oty :Q :Q
1 1 !

(1) Static pressure curve when two units are operating

(2) Static pressure curve when one unit is operating

{3) Resistance curve to obtain required air capacity, Q) {When two units are operating)
(4) Resistance curve to obtain required air capacity, Q, {When one unit is operating)
(5) Resistance curve to obtain required air capacity, Q; (When two units are operating)

Figure 14 Performance curve during parallel operation

b. Replacement of impellers
When the blower output becomes too high and the damper opening is
exceedingly narrowed down after the amount of air used is reduced, or when the
gas specific weight becomes higher, the wind pressure is too high and as a result
the motor 1s overloaded, it is desirable to replace the impellers.
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Assuming the diameter of impeller as D, the air flow as Q, the pressure as P and
the axial power as L. the following relations generally exist.
QoD

Accordingly. diminishing the diameter of the impelier as required will bring very
great energy conservation. In this case, it is of course necessary after
diminishing to adjust the balance. In the case of multi-stage blower, the blade in
the Ist stage or 2nd stage may be removed. Adjustment of blowing capacity by
this method is limited to about 20%..
¢. Damper, vane opening adjustment
The damper is installed vertically to the air duct shaft direction to change the
opening and when installed on the discharge side, the opening changes the
resistance curve and, when installed on the suction side, the opening changes the
static pressure curve. The vane means a movable blade which is installed at the
suction of the blower. Adjusting the vane changes the pressure-air flow curve.
d. Change in rotating speed (change of motor or diameter of pulley)
Assuming the rotating speed of blower as N,

Qe N

From this relation, when it is possible to replace with a motor with lower rotating
speed, energy can be greatly saved. However, in this case, once it is changed, it
cannot be easily returned to the original motor unlike the damper adjustment.
Theretfore, carefully investigate the resistance curve of load, etc. and be careful
so that the air flow is not insufficient after replacement. Also. in the case of belt-
drive, it is an effective method to lower the rotating speed by changing the
diameter of the pulley.
b)  Variable types
In variable control systems of air flow, there are various systems as shown in

Table 12, of which we describe the eddy current joint control and Scherbius control.

. S .



Table 11 Damper, vane opening adjustment
Suction damper
Method Disc?hargc Fiamper o‘pen.ing a.ldjus[.m.enl Suction vane control Char.lging the
opening adjustment (suction side piping) rotating speed
Principle) Change blower resistance | Since damper resistance | Reduce the impeller work | Air capacity is in
curve by intentionally is provided on suction | done by intentionally proportion to the
increasing resistance of side, it serves as a changing gas flowing rotating speed, the
the piping system. negative pressure and angle against blower pressure to square of the
pressure curve slightly | impellers, thus changing | rotating speed, and the
changes. Axial power the pressure and power axial power to cube of
curve also changes curves at the same time. the rotating speed.
slightly.
Diagram Sianie prewurs P amull damper Siatic preuure P (DSlni: preasure P
Of hal aprning Snli.g greuure P H
principlel 3 P,
Ly
i/ L
]
b l . '[
Meapai Q, Q, Alr capacity :an A apciir Q,Q, Air mp-\:il; Qial
When damper is closed, When damper is closed, | Reducing vane lowers Changing the rotating
resistance increases and pressure curve falls and | pressure and axial power speed from Ny to Np
operating point changes | operating point curves. shifts the pressure and
from (P1, L1, Qp) to (P2. | changes from (Py, L], | Operating point changes | axial power curves from
L2, Q7). Note; Operating | Q1) to (P2, L2, Q2). from (P, L1, Qi) to (P2. | (1) to (2), and the
point is a point of L2, Q2). Reduction in operating point from
intersection of pressure axial power is far larger | (P, Ly. Q) to (P2. Lo,
and resistance curves, than damper opening Qz}).
adjustment.
Special | 1) Surging area is wide 1} Surging area is 1) Same as at left. Axial power lowers
features and effective air narrower than for 2y Axial | most and this is the
capacity control discharge damper, ) Axia pgwcr ower.s best method for electric
- almost in proportion .
cannot be performed. . ) . power conservation.
2) Axiat power lowers to air capacity and
2) Axial power does not almost in tends to lower much
lower much even in proportion to air more than the intake
low air capacity arca. capacity. damper.

Table 12 Method to control air flow (variable system)

Discharge damper control (Variable)

Intake vane control {Variable)

Eddy current coupling control

VVVF control

a. Eddy current joint control

Intake damper control (Variable)
Change in number of poles

Secondary resistance control

Scherbius control

Others




This eddy current joint control is a method to change the rotating speed in the
following method: while a prime mover {(motor) is running at a specified rotating
speed, an eddy current joint is direct-coupled to the prime mover output shaft and
the slip of the rotating speeds of the input and output shafts is altered to change
the rotating speed. Figure 15 shows a principle diagram of the eddy current joint.
The salient magnetic pole equipped with the exciting winding inside is direct-
coupled to the output shaft, outside of which the rotating cylinder is provided
across a small clearance. This rotating cylinder is direct-coupled to the driving
shaft of the prime mover and while the cylinder 1s rotating at a specified rotating
speed, the magnetic flux generated by the exciting winding is cut and, as such,
eddy current flows in the cylinder. Electromagnetic force working between this
eddy current and magnetic flux generates transfer torque and the magnetic pole
direct-coupled to the load rotates in the same direction as the rotating cylinder.
The exciting current is supplied through the slip ring because the magnetic pole is
a rotor. However, the slip ring can be eliminated by equipping the stator side with
the exciting winding and providing the salient magnetic pole across the small
clearance as shown in (b).

Exciting winding
Magnetic pole
/ Slip ring
[ [
i

A= e
Driving shaft @- lOutpur

shaft

DC power source Exciting

pe Rotating cylinde
Rotating cylinder winding Ecy r

{a) With slip ring

—===1 _-Magnetic pole
E/Coi] drum
A [
— i3
i L \
Driving shaft Exciting current
iy |

:r‘___’_'l

Raotating cylinder

{b) Slip ring-less

Figure 15 Principle of eddy current joint
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Since the amount of the generated torque varies with the amount of the exiting
current and the relative speed of magnetic pole to rotating cylinder, changing the
exciting current changes the output torque or the speed optionally. The outside
rotor has high-slip characteristics as shown in Figure [6.

Iy | Exciting current

Torque T —0

no
Rotating speed n —

Figure 16 Torque characteristic of eddy current joint
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Figure 17 Distribution diagram of rotating speed control
by means of eddy current joint
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Figure 17 shows a distribution diagram of rotating speed control when an
induction motor is used for the prime mover. For this control, first turn on switch
88 and operate the induction motor before operating the load. If the desired speed
is set with the automatic control operated by means of the presetter SRH, the
speed stundard signal e, and speed feedback signal ¢,y are compared and the
ditference (e,1 — ¢y is amplified by the speed control circuit and the control angle
o ol thyristor conversion is controlled through the phase control circuit. The
rotating speed can be controlled by controlling the exciting current of the eddy
current joint. For the eddy current joint, assuming the slip between the input and
output shaft as 8, and efficiency of the prime mover as Ny, the system efficiency
N, will be quite the same as the secondary rheostatic control of the induction
motor, and the ctficiency in the low-speed arca remarkably lowers.

Ne={1 = SN X T00 (%) (7)
Since the slip power gencerates heat as eddy current loss within the rotating
cylinder, the water cooled type is generally adopted for of more than 55 kW,
Scherbius control

Assuming the induced electromotive force on the secondary as Ea, the secondary
winding resistance per phase as y» and reactance when slip s = | as x». the

secondary current of the wound-rotor type induction motor I (A) is

When electromotive force E¢ with the same phase and same frequency is supplied

to the secondary winding from the outside,

Here. E, is constant and when the load is constant, I5 is constant. Accordingly.
changing E; changes the slip s. This is the principle of Scherbius control. Figure
I8 shows a principle diagram. in the diagram. electric power corresponding to the
sccondary copper loss is taken out through the slip ring and returned to the power
source by means of a DC-AC converter through a transformer. Adjusting the
return power changes the speed.

The secondary rheostatic control system is of control with low efticiency because
clectric power corresponding to the secondary copper loss is consumed at the
external resistance. This Scherbius control system recovers that electric power
and, therefore, becomes a variable control system with very high cfficiency.
Frgure 19 shows motor input (%) of various variable air {low control methods

specified in Table 12.
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control motor's input
2.3 Pump

As electric power consumed by pumps for various facilities is huge, improvement of
their efficiency is one of the most important concerns for saving electric power. So far the head
of pumps was designed to allow considerable excess on account of the secular increase of line
resistance of piping facilities. Also, many of these pumps have excess in the flow rate in
prospect of future increase of supply or drainage quantity, and the flow rate is adjusted by
valves,

In these cases, while pump efficiency itself is high, efficiency of the pump facilities as a
whole is low, resulting in wasteful consumption of electric power.

2.3.1 Type and construction of pumps

Pumps are classified into turbo pumps, positive displacement pumps and other pumps, as
shown in Table 13. The turbo pump rotates the impeller in the casing to give fluid
energy. Centrifugal pumps, mixed flow pumps and axial flow pumps belong to this
category. As there is no seal between the impeller and casing in the pump body, the
discharge varies largely by pressure.

Whereas the positive displacement pump is that which delivers fluid from the suction side
to the discharge side by means of displacement or change of enclosed space which is
generated between the casing and inscribed movable members, Reciprocating pumps and
rotary pumps belong to this category. As there is a seal line provided between the casing
and the movable members, keeping leakage at a minimum, discharge is hardly affected
even when the discharge pressure is varied.



Other pumps inctude jet pumps and air lift pumps. both of which are used for pumping of

waler.

Table 13 General classification of pumps

Centrifugal pumps
' Mixed tlow pumps
L Axial flow pumps

Turbo pumps

Punips P