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THRE POWER PROBLEM IN CHINA
BY T. M. WU {RZH)

Power is considered as the raw material in industrial development. Just
as iron and coal are the basic material for almost any kind of industry so is
power the mnecessity. for all industries in which mechanical devices are used
to secure economical operation and productio;:f; In the past, investigations
- have bsen made as to both the quality and quantity of coal and iron available
for a nation im order to d.termine and forecast the tendency and possibility
of the indusirial development of that nation. For the same purpose, similar
investigation shouid be made for a raw material that is necessary for all
industries power. |

In presenting the power problem in China, the eatire topic will be divided
iato two parts: (1) General information and data of the power development

—at present and (1) the tendency of iis future development.  Under the first
part, there will be given a descrip:ion of (1) sources of power, (2) power
survey in various places and {3} general system of power generation,
transmission and distribution and cost. In the second part, a general
discussion will be made as f{o (1.} the power market {2} suitable type and
capacity of power plants to de constructed, (3) its ownership and management
and (4) other activities of central station men.

In China as in otl:er places, there are three sources of  power available
for power development and these, may be arranged iu the order of their relative
importance. At pressnt the most important source of pewer iscoal, owing to
its fairly abundant supply and the fact that power development from coal is
flexible and economical for the small size plants prevalent in China,

Coal is knewn to occur in every province in China, Shansi, Chihli,
Honan and Three Eastern Provinces conistitute ihe richest coal bea.fing regs
ions. According to the recent report of the Geological Survey of Chira, a
rainimum estimate of China's wealth in coal is approximately 40 to 50 billion
fons, of which about 73% is of bituminous variety. The accomranyicg
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chart, Curve 1 shows the coal production in varfous places in China. The
present yearly output is estimated o be about 20 million metric tons. The
cost of coal in the mining regions is approximately $2(Mex.] per ton. Tue
to the inadequate transportation, its cost is increased to as high as [3va per
ton, in some large coal consuming cities such as Shanghali.

Water power in China presenis many possible opportunities, bt up o the
present, very litile has been done in the way of hydraulic develoment. This
has been due partly to the difficulty of securing sufficient capital and the lack
of a market for large blocks of power.

However there are a few hydro-electric plants of small size in operation.
In Yunnan, a 600 KW. hydro-electric plant situated at a distance of 30 miles
irom the city of Yunnanfu is now in opefation, the power:being transmitted to
the market at 22,000 volts. Another station at Yungan, Fukien, of 25 KVA,
capacity was completed in 1924 and is now in operation. Still there are
many hydro-electric plants in a projected stage, It is stated in the Electrical
World, July 5, 1921 that a company has been formed for the purpose of
carrying out a project for utilizing the water power of Yalu River to generate
electricity, It is proposed to supply energy to operate an electric railway
to be built between Mukden and Hsingking.

In Szechuen, far up the Yangize River, there is a series of rapids from
Sufu to Chungking, a distance of 200 miles, The average grade of this part
of the river is about 1.5 feet per mile. From calculations as to the volume of
the river in this section, it would seem that a vast amount of power would
be available. The principal market for this power would be in the neighbor-
hood of Hankow with an average distance of transmission of about 400 miles.
Electric development in this neighborhood would facilitate the development of
rich resources in Szechuen and the neighboring provinces and could furnish the
energy needed in Hankow which is quite a center o} indusry,

The thirg source of power namely, oil and gas, has made very little
progress as there are few wells kncwa in China, According to an investigaton,
- the oil bearing regions in China are Szechuen, Shensi, and Sinkiang and the

yearly output of each of these places is not more than 50 ions, ‘
The total number of electrical undertakings in China was.163 at the end
of 1920 and is ncw atou! 35) indicating an increase of almost 100 percent
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for a period of three years, - Of these installations, there are about 50 works
tnder foréign maragement.  Japan is the most interested of the foreign
nations concerned and has invested more than 200,000,00 Yen in the
electrical industry of Manchuria alone.

There are in Kwangtung 22 supply companies, including 18 Chinese
concerns. which deliver about 12,000 KW, to a connected load of about 3,000,
000 lamps or their equivalent. Most of the prime movers are oil engines,
only fwo stations burning coal and only four of these plants exceed 1000 KW,

At the end of 1922, there were in the province of Kiangsu more than 60,
in Chekiang 10, in Anhwei 6, and in Fukien 20 electrical power plants, besides
a number under construction, Most of these installations are of 50 to 200
KW, capacity, but in almost every case extensions are in progress.

!n Hupeh there are 13 and in Hunan 6 power plants, The Hankow
Water Works & Electric Light Cowpany, owned by Chinese has a station
capacily of 11,200 KW. and the Hanyang Iron & Stee!l Works has its own
generating plant of 5000 KW, capacit'y. Changsha, the capitol of Hunan,
is served by two rival compaies havning a éapaaitwoLlSOO KW. each.

In Shangtung there are 9 electrical plants, among th:se Tslogtau, 1950
KW., Chefco 500 KW., and Tsinan 375 KW, are the largest stations,

There are five different companies supplying power in Tientsin to app.
roximately a million ropulation, The largest station generating 6300 KW, is
owned by the Tientsin Tramways & Light Company. The total connected
load in this district is approx!mately 12,000 KW,

‘The power station of Peking Chinese Electric Light & Power Company
is equipped with 7500 KW, capacit’. This company supplies the power for
the Peking tramway system which is now in operation. The power is trans
smitted to various substations at 33,000 volts,

Of 15 stations in South Manchuria. 13 are Japanese owned, but there are
Chinese interests therin. About 36.000 KW. is developed and this output is
absorbed mainly by industrial and tractien loads. The South Manchuria
R‘ailway'Company is the 'argest undertaking. It operates a 25 mile tram.
way system and owns in Darien two power stations of 6000 and 5000 KW.
tespectively, one in Mukden cf 1400 Kw., one in Changchun of 3400 KW.
and one in Antung of 8500 KW, capacity, In Fushan and Aashan there
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sre other si‘;a-tipns,_ ‘- The Ans‘ﬁan‘station-_dovelops 3600 KW, and the
Renshihu Iron Works has .a 5300 K'W. staiion. - In 20 smail instaliations
about 10000 KW. is developed,
I:i'Sha._ngh.ai there are 19 electric power plants with a total capacity of
'approxiniate!y 133 000 KW, The_ Shasghai Municipal Plant includin.g its
"‘R‘i.;:é}'s'idé_siati__aﬁ_ and Fearon—Road Station is equipped with 13 units of a-
total capacity of 1100.0 KW, The French Tramway & Light Conpany has
a station of 3330 KW. cadacity. It is reported that this output will be
inereased to 10300 KW. at the end of 1925, - The Chinese Merchaxts'
-Electric Railway Compiny has a station of 10000 KW. eapacity to supoly
power‘and light in the South District' of Shanghai. = The most important
loads in Shanghai ara cotton and flour mills and many other manufacturing
,iﬁdustries,

Thz total electrical power development in China amounts approxima'ely
to 300003 KW, TFrom the abave figures, it ils nofed that over 407 of the

total electrical power in China_- has been developed and ulilized in Shanghai
and 12% in the Three Eastern Provinces, 'IT'a}e balangz of China has only
about 153,000 KW. of electrical development, indicating a tremendous market
for the _futi;re’ development of power,

Due to the limited demand for power aks well as the lack of‘capi.tal,uover
sixty per cent of the {c.al power pian‘i;_‘;i_ﬂv China have a station capaci.y of
not exc.eding 1000 KW, - Most of the "pl#nt. below 200 KW. capacity are
equipped with engine ty-pe gene;at_?rs conanected either to crude oil 'engines
,o_r_belte.sd to recip_focating steam eniines, The cost of these plants ﬁsﬁally
Tuns as high as $100 to $300 pér KW. installed. _

Aa a result of free competion in pﬁrchasi;ng_ elecirical equipment, both
American ard European machinery has been extensively used. There are
almo t as many 50 cy;lé systems as_ €0 ones heing operated in Chinese power-
plants, = Th re are-siill some other older plants u_s’-.ngﬂ 75 cycle, 45 cyc!é and
25 cycle circuits, but there is a tendency to change cver to e.ther 60 cy e
or 50 cycle,

Thg hizhest voltage used in power transmissicn is 32,000 wvoifs,, . This
is used by several companies. Tseng Pwa Company tramsmiis 8000 KW
from C_bangchoir. to Wausib at this voltage.. Another 33 KW, line is cperaed
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by the Pekirg Electric Ra lway Company. The [insi Power Plant of the
Kailan Micing Administration having a iotal capacity of 18007 KW, transmits
its energy at 30 000 volts to operate the coal mines in the vicinity. The Shanghai
Municipal Council Power plants transmits the power from the Riverside Station
to various substations at 22,000 volts. The Tayeh Works of Hanyehping lorn
& Steel-Manufacturing Company transmits the energy at 22.000 volts to
operate the iron mines at a distance of 18 ailes. The third 22030 volt
system is operated by tbe hydro-electric plant at Yunnan as previously
meniicned.

Generally speaking, the cen'ral station business in Chinais very profit-
able, The annual divident of various companies varies from 8 t6 12 per
cent as against an average of 77 in the United States.  For instance, the
capital outlay of the Shanghai Municipal Council, Electrical Depariment for
1921 amounted to 20,771.439 Taels and on plants actually in operation the
capital outlay was 17,654,556 Taels. The return on capital outlay at the
end of 192i on plants in operation was 10,5897 as ageinst 10.34% in 1920,
The gross profit of the Department was 1,863,610 Tae's and the net profit
after provision for interest on loans and deprcciation was 1,047,803 Taels: _

The average power ra'e of Chinese operating companies is 3-1/2 cents
per Kilowatt hour as against an average figure of 1-1, 2 cents in the United
States, Comparatively, the powey piants operated ny South Manchuria Railway
Company sell their power at a lower ratz of approximately 1-1,2 to 3 cents

for KWH. For swall consumers of electric lights it is a usual practice to

charge 60 to 70 cents for a 16 canile power lamp per manth. —

Among all the clectrical undertakings, besides the foreign management,
power piants are most owned by i)rovincia.l_government and private concerns.
A great number of small plants is conirolled by a non-technical staff resulting
tineconomical investment and operation.  Some cities, of moderate size such
as Changsha, are usually served by more than one company. As a result
of competition, each plant is being operated under an unfavorable condition,

As a summary of the above data of the Chinese Powar piants; the following
points can be noted:

1, Coal is considered as tie chief source of energy and thus steam power.

plants. are extensively vsed,
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2. Total capacit? of the Chinese power is approximately 300.000 KW.,
ahout 40% of which is. developed in Shanghai and 12% in Machuria,

3. There were about 350 electrical under takings at the end of 1923 apd

179 of the cities have been electrified. |

-4, -No standardization has been adopted fo:f_elegica_l__he_){qt_eﬁ .

5. Lack of sci_entiiic_;_management and spirit of cooperation are some of
the causes of failure of small plants. _

6. The averase power cost is 3-1/2 cent per Kilowatt hour and average
divicead is 10% indicating the central stalion busmess is very

- prcfi.able.

7, The capacity of the plantsis limited by capital rather than by demand,
as indicated by those plants installed by the South Manchuria Railway
Co. Smaller plants due to their umeconomical operation and high
unit cost of installation should not be encouraged, |

8., The number of power plants has doubled during the last thrae years,
indicating the rapid growth of the electrical industry in Chira. Comparing
the total station capacity of the United States, 14,000,000 KW, and
that of Japan, 2,000.000 KW., (1922) with respect to the pop‘ulation
and territory, the possibilities for electrical development in Chna are.

‘almost without hmxt. _

- Knowing {he_aobv_g‘_'facts conéé'rning the present situation of the central station
-industry in China, We ATé HOW in a position to discuss the possibilities and
tendencies of its future development, Through actual investigation, it is a.
general belief that China possesees rich natural resources. - As power is

the essential in the development of natural resources, power development_
varies as the potentialities of industrial development. it is usually a question
whether it is justifiable to develop an excessive amount of power for the
growth of industry. To answer this question superficially, the relation between
power and other industrial developments will be briefly discussed, N
One of the fundamental reasons for the location of industrial - plants i1
'the proximaty of power supply. This- factor reduces the initial capxtal investment
of an md ‘strnl plant b :cause no power generahng equipment need be supplied,
In other words for a pla.nt loqated in a place where power supply -is avajlab! e
a less capital will be required to do the same amount of business  than ' is
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needed if it were t6 install its own power gencrating plant.. This factor is
important because it encourages the public to engage in manufacturing industry.
 Aside from the financial consideration, the industrial concern usually
prefers to purchase power from a central station company due to the cheaper
_production of power and better service rendered. . Power production is at such less
cost in a large generating station on account of the economical 'operation of
larger units and a better load factor. A specializied operating staff is
maintained in a large central station company, which eliminates as much as
possible the interruption of service, These factors together with others such as
high power factor, reservet for breakdowns of units, usually make the purchased
power more desirable,

The development of water power at Niagara Falls affects the mdustrles
in North Amerians, © The steel mill.industry and the chemical and metallurgical
products from the. electrical furnace have sprung forth in this vicinity taking advan-
‘tage of the cheap and convenient supplv of power,  The hydro-electric develop-
ment in Japan electrifies many industries and railroads and makes that country
a competitive manufacturer, It ahould be our consideration to develop the |
water power in the upper part of Yangtse River in order to facilitate
transportation between Hankow and the interior of Szechuen and develop
other industrds in the vicinity. As a further illustration 'of indusirial
‘development due to power supply (in this case of more interest because it is
in China} one may note the recent industrial development in South Manchuria.

~ The type of power plant suited to China de'pends' upon the abundant
and adequate supply of fuel, As we have aoted from the foregoing statement
that water power and oil resources are comparatively rare, while coal is known
to occur in every province in Cf:una,_ it is evident that steam power Plaﬂ"s
will be preferabl:,  The receant develoz:ment of Iarge and economical
steam turbine units has offsest the use of reciprocal ing engines.  The large
steam turbme is so economical because, in the first place, since no lubrication
is necessary in the parts of the turbine with which the steam comes into contact,’
‘a higher deg ree of superheat is posmble with it than with the rec:procahng engine,
for which cylinder Iubnca’uon is necessary. Inthe second place, when the turbine
is used condensing, as it must be for maximum eccnomy, the turbine utilizes the
expanaive power of the stearg down to the highest vacuum whmh can he aevlcped |
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The feciprocating engine can utiiize the expan ive power of the sieam oniy down
to possibly 250r26 in vacunm. The larg:st single unit cf steam turbine
plant has been built to 60,000 KW. for Cal’ax station of Duquesne Light Co.
Pittsburgh, Pa, - This is. a 3 cylinder unit, being operated at 265 lizs: steam, 175°
superheat and 28,5 inch-vacuum;—— When-three cylinders are in%perafioﬁ;' the
steam consumption is about 10. 93 pounds per kilowatt hour.
Curve 2 shows the best fotal cost per kilowatt hour attained by each of
the following plants:
{a) Diesel
_{b) Turbine condensing with superheat
(c) Compound 4 valve condensing with superheat
{d) Uniflow condensing with supzrheat
(e} Compound corliss condensing with superheat
{f) Simple 4 valve condensing with superheat
(g) Simple corliss condensing with superheat
These curves are reproduced from the report of the N. E, L. A. Prime
~Movers Commitiee, 1923,  They are made on the basis of a 1500 KW,
station peak Jload with 4-500 KW units and the values are calculated with
generator, exciter and rheostat losses included. It is noted from these
curves that the most economical installation under all load condiiions is the
Diesel plant, and the condensing steam turbine plant with superheat comes
next.
_ Curve 3 shows the cost per kilowatt hour for all tyres of unit at 254
load factor. In this curve, the tctal cost of each type of unit is split up
into two components, production cost and fixed charges whizh is assumed
to be 15%. It should be’ noted that the fixed charges per KWH of the
condeasing steam turbine plant is the lowest of all the plants. It mears
-that the first cost of a condensing steam turbine plant is lower than all other
types of unit. l _
Itis concluded that to secure the most economical station, the choice of unit
" will be either Diesel or condensing steam turbine. The slight gain in
total cost per KWH. of the Diesel units will be offset by the condensing sleam
turbine unit on account of its lower first cost and less maintenance. For
larger unts than 300 KW capacity, the steam turbine still proves more
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economical and satisfac’ory in operation,
. A recent investigation of operating performace of 136 steam generating
stations has given the following results:
Maintenance cost

B.T.U, per KWH. in cents per

Kw-Hr.
For stations of 50,000 KW and higher <= 22,00_6 0.055
For stations from 15,000 to 50000 KW 121,000 - 0.078
For stations of 15,000°KW and less 40,000 .. 014

" It is also found that the total of operahng costs and mamtenance of a
199,000 KW station was 0.516 cents per KW. hr.,"whereas the corresponding
average costs of 63 smaller statioiis for substantially the same total annual
generation were 1.19 cents per KW, br.  In conclusion, it is mentioned that,
as a result of this investigation, they have develoved a clear cut picture as
to the advantages of using a single large generating station instead of a group )
of smaller generating stalions.

In datermining the capacity of a plant consideralion as io the convenience
and abundance of coal and water supply together with load conditions should
be-thoroughly studied,  The mouth-of-mine type of plant is considered very
desiralbe, as the power can be generated at a cheaper rate, especially when
iransportation of fuel is dif:icult, and it can be transmitted over a long distance
to various markets where industrial and commercial loads will te served,
Plants of very. sma’'l size should nat be. encouraged or contemplated on
account of iti uneconomical operativn and high unit cost of installation. It
shou'd -be noted and remembcred by all Chinese industrialists and engineers
that the economical use of coal is a very important problem in China. As
mentioned before, Chinia's wealth in coal is approximately 40 to 50 billion
tons and the present coal consumption is about 20 millioatons. If Chinahad the
same rate of coal consumption as the 11 8. A, that i» 640 null:on tons a
vear, its coal resource would only last for 70 years,

"The saving of- fuel can be accomplished by economical design of
station, operating system and careful selection of eqmpn;en’i. In the
United States, one ton of coal produces 6283 KWHres. in 1919 and 833
Kwhr, in 1923, This improvement in saving of coal is chiefly due 1o the
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in?l%ovement made on the operating system that is the introduction and
practice of guper-power and inter connection of power ginerating systems.

Super.power is the term used to designate the generation of large blocks
of power in efficient power stations and tragsmitiing in bu'k at very high
voltage, such as 220,000 volts, and supplyint it through transforme:s to the
present power system for distribution at some lower voltages such as 110,000 -
volts. Interconnection is the t.rm applied to the parallel operation of two or
more power plants on one sysiem or the connecting together of two or more
systems to gzt the benefits arising from this method of operation. Some
of t.e outstanding advnatages of interconnection cf systems are as follows: _

Tiie tie between power systems permits taking advantage of diversily
factors particularly where peak loads oxcur atdilferent t:mes of the day. When
two power systems are ti:d together, each actsas a reserve for the other tlus
reducing the amounts of spare capacily carried and accordinily increasing the
amount of connected load that can be fed safely from the two systems. This
means also a large reduction of coal consumption,

When operating steam and hydraulic plan's in paraliel the lcad .on the
steam plants cap be relieved to a large extent during the high water period
taus makindg a direct saving in coal consumption, A tfurther econonmy can
be cfiected by balancinj the lcad and the hours of load betwe:sn hydraulic

and steamplants so that the steam plaats will be run ateconomical load when
taey are in opera.ioa.

The interconnection of sysicius often permits the postpoaing hy same company
of the building of new generating plant thus reducing capital charges.

Saper-power and intetconnection of syshems wou'd be applicable to China,
Although coal occurs in almost every province, large quantity of supply s available
in limtied locaiities. As the Chinese cities and towns are not far apart,
especially true in the thickly populated Yanitse valiey, a larje power generating
system wou'd serve both industriai ani lighting loads in much better manner
and more economucally than npumerous individual small plants. As the
industrial deveiopmant advances, tie rate of coal consumption increases. In
developing our natural resources to the fuliest extent, it is important to try
every means and find out all possibilities in tie saving of coal,

"As an examp.,e, in the United statcs the big central station with ils



< S The Power Problem In China 167

transmission lines has demonstrated positively and conciusi ely that it can
furnish better service at less cost to the ullimate consu;;;er than <an any
individual plant. This is partiquiarly true in small towns. This statement
-is_substantial by a 1eport from a representative, showing tha} in the last ten
years, nea-ly 200 small towns atandoned their individual plants in favor of
transmistion 1.n: service and that during that period, not une municipelity gave
up transmission line service in {avor of individual plants,

In connection with the own-rship and management of the central station
industry, a few points as brught out in the foregcing stalement should be
criticized. In the first place the municipally and provincially contr.lied compan-
ies should he replaced by cuslomers' ownership. By customers' ownership is
meant that the ultimate consumers of the power ccmpany are the stockholders
of that organization. it is preferable to the Government or izdividual control
due to the fol'owing reasosns: {1} It has better management, free [rom all
“political and p:rsonal influence.  The business is on a sound base as the
financial sources will not be defrayed for other purpcses than for the benefit
of that business. (2} The customers’ ownership of an industry duz to the
general interest leads to the gaining good will which is considered as an asset
of a public utility company, (3} The public is interest and sympathy with the
company's business heips to establish a cooperalive spirit between the company
and its custcmers. This means the elimination of some pu;sz“le difficuities
in carrying out the company's plans, such as business extension and other new
policies.

The central slation men should give proper and careful consideration to
securing information on installation and cperation of new stations. A. small
error in this respect at the early sta e is liable to offset the entire pan of a
system.,  For instance the selection of frequency and generating, transmission
or distributinge voltage has a great deal to do with economical cpeartion.
China is now the World’s market, full of competilive equip nent. It is important
that the purchaser should know or consult with the spacialist as to the method
of opera ing systems, and the selection of prcper equipment. ihe economical
operation of a p>wer Sysiem shouid be considered from the standpoint of fair
price as well as satisiactory pariormance of the equipment purchased.

It is noted thet in some cities «f moderate size, light.ng krad is supplied
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by mor: than one company, such as in Changsh;., 2-1500KW, stations, 2.23
0J KW. sta i>n and iwo sma’l s aiionsia Chengtu,  Siill in other localjies,
the lighting /Jad and industrial load are supplied by different companies,
sich as the city lighting plant and the cotton mill plant in Chengchow, and a
great number of such cases in Shanghai, Hankow and Tientsin.  As a result

—of compatition, many companies with an insufficient—amount of capital arg—
out of business, and oth:rs are barely maintained. Of course. there are
many p.actical difficulties in supp'ying power to the city market from a single
system, " These may be due to the monopoly of power cost, inadequate service
and management, However' a first consideration should ke given to the.
possibilities of cooperation among the memhbers of enterprises of the same nature.
This means not only from the standpoint; of mutua' benefit but also 1he putblic
relations, such as good will and the common interestin the fuel saving problem,

NMen engaged in the central station industry should a'so take an inlerest
in business other than power supply, such as city transportation, water and gas
supply and other public aclivities. The advantages of controlling business
on side lines are usually helpful to the main activity. The addilion of
operating industrial load —in the day- time improves the load factor which
reduces the cost per Kilowatt hour generated.  For a company supplying
electricity, water and gas to a city, the management force can secure a
maximum eificiency so far as dealing with customers is concerned for the
same amount of force would be required whether for one or more lines of
work to be handled, such as the collecting of bills and other house appliance
service, The operation of several branches of work in public utilities
sometimes relieves the financal strain of the organization during the
depression of one particular branch of the business, This is especially true
when the company is engased in such businesses as Banking and real estate,
There is anothe: intangible effect, namely, the public noting the promising
future of the ex'crprisz is encouraged to dep:nd upon it for service,
~ Apother importaat activity of the ceniral staticn industry is to estabist.
an as sociation to participate ig the foilowing functions: (1) to establish standards
for power generaiion, fransmission and distri~ution {0 be adopted in China, (2
to p‘omote and wunprove the cent-al station industry by kecping systematic

‘records of cperation and management and -offering suggestions far reccarch
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and (3) to advertise the central station indus'ry aad tea.h the pubiic {o use
more electricity in order to live a belter lifel Among these, the first
function is the most impertant one and should not be overiooked at present,
because a standard system will simplify the problems of intercnnection of
power sysems, unify the eleclrical installations for industrial application and-

offer an easy problem in manufacturing. Perindical coaven'ions of the

association offer a good copportunity for members to exchange information
and discuss new subjects, Nlustrated lecturzs for the public should be
extznsively conducted in order to present the technic ilea in a form both
interest'ng and instruclive.

For the welfare of the country and their own business, the central station
mwen should keep a constant interest in training young men having the necessary
tundamenial knowledge., A certain number of college graduates should be
selected to follow a systematic training in the organization, For the benefit of the
operating companies as well as the manutacfurer, the latter orgahization usually
takes a memberof youns men evry yeat to follw a training course involving the
general problems in operation, application and desiining of power eguipment,
The operating company should {ake this advantage and keep constantly in touch
with the manufacturers and never miss the opportunity of cooperating with them.

To summarize the above discussion, the follewirg poiats areto be noted;

i. Powar opens market for itself,

2

3.

St am power plan's of large turbire generating units ars Preferable.

Interconnection and superpower is necessary in China and should be,

therefore, encouraged. As coal is the oaly source of power in

Ch'na, the saving of fuel is the urgent problem to face in the central

station industry.

4, Customer’s ownership is more favorable than municipal and government
cont ol,

5. Central station men should be specialists.

6. Public interast should be cultjvated in order to appraciate t'qe service
of the i:mblic ut lity organizatioﬁ-

%, Central station iudustry should be reinforced by other activities, such
as gas and water sunply aad city t:anspo lation,

8. Centra! slalion tndustry is not only a p olit makir vusiness but also
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shoiid tae intercst in public affai s such as the establishment of
, , P
association and educational work,
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BRABERL R E RS TSAE T A ERIT R E~§)
EBK B EREE T H.58 % — 00 B S 8 0 2 b 1R N AR R AL K
8.8 — KB KB P T5 i KB T A BB R gk Hh K B9 —
PHRAZHBE A 2B ZKIER TS bR K E B2 %5 ALS
RS SRS RSN VIPES FIAET Y Y- EE Y
KT B 48 1Y UK 1% 1B 1 Wet steam ) (R SR EHM A MAR AR B G
FHAMBMBE R WARZ A KR A S KH Sk
B AR B IR U BRI AT ER - RAB B R R I E R RS
BB XKEAL L &

FARAVEB 2R RE S8 B S N E— 8RS
EABEFEABATITEIRLiter ZEABR SR RIT 550
4 Kilowatt, A MEZEARL KRR B M~ %5 K BARE
BEREPDHEH— R0Q 688 %

BRBBHGAMTEEYELTZEATREREE - FH A
PHARERABRERZAS S AW DR B2 AT B2 AL
GRESZANABEARENRBRFERRE LEUR S B 2B %
BASREERVTHABEERRAERABREUGE L BEBEA
HRB— AWMU ER 2 530K 2.

B ORARA LARBANEIRLEATBARZBHEE N

KA AKBABERUBAEREZEHEA S 1

B E N E SN AR AT 4 ER D220
NAALABZERME - BETES B BT HZ HE W AKE LS
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B R A LT B 2K 2 L A R R 6 RS B O
7KBearing $4 4K 2 M ( £ & E )

7K 56 7% B 2 8 I ACeutrifugal type, & 48 i % i {6 i 58 A\ + 3 05 55
7 27 I ¥URCortis turbinel) B BN H Z EE BB F B F—F WG T
B G2 W IR 60,45 70 5018 #% J& 9 % Inertia and-Spring {5 i U 77 2.8 ¥ 1 78 [
FRTHEGREARSSRAR RS B2 AR T E— iGN
B2 EETAFEA

MABAMTBHAKA S UREES S P FEAZE RS A DR
ARERBRESHTABTAALEKREEKABABZHAEREED R
AFABE BMNEL - BERRET RIS E P22 & B %
KB HEARREAEL R RE E B2 TIE

BIMZAS o bz =R G R 2 K R R
mﬂxmxﬁ%ﬁzszéﬁﬁ&mmmmmaﬂ-ﬁﬁmaﬁﬁ
B8R B B R 6 2 1030 T 40 0 5 2 LA AR 00 AR AT A TR B,
B & RBearing R i L. 1 B E B 2 K YUK A 55 B2 B 0R i 0
MRASRERZ S 20 AT RE KA LA T B R
RENGEERZHRREAMPEEAZ BN RETE K
1R B 51 A oK B 0 O B vhL 36T Ko ST 6 AR 42T £ R %
B 1166 B8 B9 2 5.5 47 A 6 9 48 Ol pump ~RAEERE AR ZOR
ABZBHMAEE RS RSN 2N R R CEARB TR
AR B T 0P R b AR 2 KE R AR S AT — S K Bk
BB WAR P Z R E ok %8 i L A Db B 2K 3L RE,0K 8D A% R 8 AT
BERR.

K MK B8 B B 22 A 4 M3t W R B 2 0Bk R KK 1D 5B 6 bR 2
PR 8 AL S 2 A
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vl a# o w pr SR LA A KB AR A DR —B v:;tﬁ >
2 Centrifugal type. 0 -LPE 4 B 5 2 = i1 55 2E A Bh.— B K i X Recpro
cating- motion H-type, $ — & ¥UHL {68 A1 Blok = iy ok .95 8 F K4 P
ok Ak Iz Sk

(=) E RE =

EAHBEREBUEEMASHERLTAR AT H L0 HE
Generation, £ fitDistribution, {# ;2 Transmission ji fUtlizationE .0t §% B &, 14
B NEDRERE R A 2 W B2 BT

B ® B BN TR B Tubo-generator LW A
i [ %% 16 BR S SH TE Coupl’?lgﬂ?&ﬁﬁﬁﬁﬁ FRREZELAR EMN
Alternator 48 .5 B 5% 2 ¥ 53,3 4 i 4 58 Exciter. {35 2 8 J7. 1 8 i # 4%
Shaft/E N BEBBRMERBI 2B TEEAIRA A PRB LR
% 48 Commutator, B B EUS B 2 R E A ( HURZEKEETR B
BZHA)MUMERZHEGEH AR BFERPZRA L,

A 4600 H.P. 3000R.P.M 3500 C Tenperaturc
14Atm, press, 91 750V azuum, Qil— pressu-e. Governor
2%« % 4000 KV.A, 6500 volts: 350 Amperes,
3 Phase Y connection 0.80 Poxfeer Factor
50 Cycle
SRR —R3 KW, 110 Voits.
209 ampers. Shunt Winding.

WA ZHKEARNGR T ALROBEERNZ F &0 a8
4R 72 ERbhostat,iii AZE ﬁZiﬁ%-W-ﬁﬁﬁiZ$&ﬁ&ﬁ*';ﬁ‘"‘Z¢%ﬁ‘£ A
MApEPRA DI MUSHERTBERERZRA £ G bh i B BB 3T



- k4 4 ST RREE R 181

BAUEH R R U T IR ERL S E IR MU ERRRZE
R B A 2 S R T R R A U A 28 0w b
Oil switch, 5§ #& i 7 B8 b Disconnecting Switch .75 8 6600~ Volt Z 5% f2 3 &
Busbar A8 U &

Z E BRI kA2 B BT R
RERRPERAGEZSR GRS AAAGRAASZRARAS i —
T A D T A TR IR M 4 B GO AR A A — ) R B B
‘Switch board Z &.

W4 E B R AS HLER b 6 BT IL 2 A7 R L R E b 2 RS SR UMk B 8 R
T EE RO (RIE EFR N BT ERANER REEERE A
B EEEStep-up transformer, i 4 E & ¥ Ai i & B X #¥Step-dawn translormer
HRFE— SRS~ EREEHIAGOERZIECR I EBED
L 7] B8 B 2% U B UL R R R AR T Jh A ) 70 B ) Rt B N T 4
B AR N8 I 23 A 1 U0 B B Ol DA W & & 9 B8 Choke coils. .

G AREESHESASH tpe BZHAMHRARZSLER
Corrugated surface. B M2/ M LEAEH UES R 2 %G1 ER
45 6600 1k §2.11 Bt 2533000 (R A B B B 35 OF 8§ ik R K Al W 3 B AL
= BB B — A R A 6600 (R AR Z 3 G302 HH K1k RS T B
L LEEAERESR-EEKAOZALBESS 2 HERYEHR

FEK A ESZE &G A B RS K K T B 0 A RISOR R
S HBREBEBEERSBEEPA S0 KR SERBAMNER T ARG
W EE RSS2 O BB B B EE T 2 WS

REASEE LBORRZLSEELEN THRAN LEESE
S4B B AR BT M R AR A T M 2 B IR ROE R M R Z HLE B
51 77 B R, BA AL AR — B 70 B OR B R B I 23 b 2380(R I it AR
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7) BB 68 B A o 8 25Overload relay, H — [ JJ 58 .0 b K B 7 & o8 .58 o
B . RS R dh A KE A I U8 Z3804R A 4,8 A — i A @ Neutral wire
YRBRRZPHSIEBETEBRAL HNRE - R I RTRE S
BEREEG - RBE#Foe NN BBAESE 2R

% RuMpAM LS HPhasc M E-RAMTEESRBRREER 2R
RAEEVRAMERRZBAVDESES RN -2 4 EB00RK &
6600 RIS 75 i 4 JH AT 4R 2 Horn- gap arcester, 5 R & & ¥ B 2 2 8 4 L3 1t
BoRMEBIE R B b %12 B % Aludtinium-cell arrester, 5 1 38) R g 2
2 B #H iR b

RBEBAPR S EHNGRTEATRE SRR RO ST NN
ZRABYHBERZ L AR SF X & B HElectrical measuument meters, i)
REBRZARHEA -ZMBZOTRRAR S8 E AL FaxR
RAPKE 6 E L& RIGE T MR 4 E 5 4 Switch board L AL B8 B 7
BMRABKRESEBRPERTLEOR LN E S ARS % S
BExE LA BK%HAnmeter® B #H Voltmeter, 38 3 3+ Frequency meter, B it
Bt Power factor meter, 2 & /1 3 Wattmeter S A LA B X H. 8288 %}I—EI
#H Hwatthour meter &,

MR EZERERERZAETRZAREHF REFSES B
PUBERZARERZSEREBALESREERCXABERY W
ERNMEEZRBEARRETS 2 AR EEFR 2 L EFE— —
RETAB=BFHFREFIEAB RS ERERTR 2.

ERERE N BRI K2R EE — RS R R
BZREBUTERELRES SRBAWXL,
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PN A PR E R —E

LRBELXTREAARBEHBZ ERT EFABEE T BbE
% 16 549 LR O35 56 — 4122 9 B bz L B A Gk DA 5 .

BN E TR A = R~ O AR 2% ML R R L e B E 1 P
ZHWRERAFROA GGG S IRTE SN AT RIS &k
5 8 b

W R R I AL 26 A8 BP0 32 58 95T DA AR B AR IE S0 AT
B # K 08 U R ARG8T M0 R B 1088 FI K B BB % K8 B Bk VT BT A,
b B0 K58 0 75 05T % 7048 0 5 2% D038 9 (Scale) Z %6 .

S ok F B B BR 2 45 TG B OF .00 dn B T BB 2 4% 0. K 55 Bk Y
THERSTHH ISR SN B AEERE 2% X(Fireproof) &,

WA Z P EAN &S R RE R S R =k ks
(Condenser) 2 /K 4 7K ®8 K 4500 # % 5t 2

fl & 4 B B2 %

HHENZEREAELBRESISXHAERAB G Bad R s
Zﬁfﬁ)‘tfﬁf%iiﬁ:&ﬁé@iﬁéé‘ﬁZﬁﬁﬁB‘F?
(R FR b L@#Hpadaam)
I O (TR EED ML 10000 KVA) - -$30,000
2 BEa : $14.000
3 BASHEAWHE _ e — §i70,000
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"4 W E R (Swilhooard) ) ~$10,000
5  #%i i %(Theam Fiping)— —$ 8,000
6 X 7K #% 8 % (Circulating pipesC.l.) ~——% 4,500
TR _ . —— _ $ 6,000
8 BMBEEBMEB=Z=R ( « A E@a) -$10,000
9 % & 8 #i(Feederwire) —— —$ 3,000
{ Ji#51/16bare Copper 3HE $300 purZ1000 ft ) B
100 3@ % (Erecting cost) N —$ 5000
11 #% $ 2,000
AT/RW — $162,500
BEBNRE S BE DA

MEBRTABREE&HSEH

IA;’&& [Sa +Hﬁﬁrm+7ﬁ§+/\x:‘f:$(¥ﬁ$&"q)
EERBILA+HA

& HER| & LT R

GRABE-TZOE(EBEa A+ )

RAEMBRE—GA+EL

RO 3B 49  .

# F =% 7T % ‘€ 68 4 B¢ (Total Available Plant Power)sg “Fim—
(A) 4500 K.V.A. 50 Cycle ({turbine driven) i1 %% i % i & 1.
(B) 2000 K.V.A. 60 Cycle (turbine driven) st Bk & 5 & i,

(C) - 750 K.W* 50 Cycle (turbine driven) g1 # fi B .
(D) 315 K.V.A. Single.Phase (Engine driven) &y W W B &8 & 1.
(E) 375 K.V.A, 3.Phase 50 Cycle (Engine Driven) g & i i &,
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= R 6H 1R 3k A 8 3K 1 A8 (Heatingsurface) 15490 Sq.ft (% 5k 65 4 =2 &

LEST®A SEHF Y H
ZERAERRZEIBSPRIEGE =S,

ARFEHEEREM T ARG EBE " TRAGEZHER

FEMESEBRAT
EABRABBRAZENALATHERR S LR ERERZHE

BEREZToi i e b

. ZBEEZBECERA ) & EKilowatthour) 3 2 = R A& LAY —

ARXRRGX L ;A5 BB K Flaterate) ET AR E—-2A

FE-RIA(RAES— R )ZHRENGRAHE-ARKNRZERE

ZHREMVTERTAEREBE T HBM%E (Current liniter) 2 {8

¥+ = w52
GHEMLBES (Erergy) MATETEAAR RSB (Peak

load)#y— T 3 %5 B X % (Kilowatts)
2% X

1, 2300 V. Feeder 3t M E R b L= B850 H — KB4 6600. V.2
Eceder — B EMMPARFIENISTEL L (R BARES
2300 V.4 75 % 6600 V.)

2, 2300 V.Z Transmissioa Wire [l 3 37/13 2 & &% #6 & & & 4£(37/14
AR R
FRARZEERH—BERABAXAVERZAEFBHE+ER.

. SEBIHH .[Transformer substation) : ——

(A} M -— 8FL 2 High {ension winding 25 Three.phase, A.co.
nneciec: 3t Low tension winding & Three phase, four wire, Y-co

noected, BN .60 5% 2300 V. 82 F 220V.E B E S A 48 2300
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V.o B 350Vl i — 2300 V. 2t A 0B i) Z AR R T AT
# ¥ W Y X2 o % i (Neutral-wire) 3§ .5k 68 15220V,
ZEN b

’FBﬂ_T?F.&z tﬁ— -T2 G 5a0 0 A W R i (Oif-switeh)-3t
a8 & 5 (Fuse)af 26 % (Vetering) 8 95 % i@ 451

{C)y &8 {Cadacity) @ 50 K.V.A. 3 400 K.V.A,

(D) %! &35‘“—- German, westinghouse, s;veden. G.E. co.(US.A)) &
4 2. (Chinese)

QWireZE =1+ W & i 4-Wire

(E) «
BT HE
(F) (&M (Low tension)— # BB Z AMA S — HR MU EHE
O REBBNZAMEAZE RTINS — E R
i,

4 HUE IR Z M CRight of way) —— 5% 8 3 1 1 (IR B 96 4.

5. &ﬁ%ﬁﬁ#@?%hi&&?ﬂﬁﬁiﬁﬁuﬁfﬁﬁﬁﬁﬁ
2 BB — T

- e O
TR WWER A i .
! st

| ‘«&r
! o ' INEEE

ﬁ&kﬂﬁ@%ﬁi$ﬁﬁ*ﬁﬁ&ﬁﬂ$ﬁT&%mZ%m?
75 i 2 WA X &wifﬁ;&mﬁ&ﬁ@ﬁTiﬁwMiﬁ
N2 R R
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T L EE ]
S5 M B B A 36 U8 00 TUB] G5 I 2 40 R OR 36 AT R % M RS
T LT BE T W S 0 0 T R % G SR 2 RCOT (A B Ok LM o T L

Rl Imiﬁ%
wIDI !E!iﬁ
rra;';'j:_\ Rty

- fod)

L.l

nﬁﬁdﬂﬂxﬁﬁr%fﬁfﬁuﬁiBMﬂm%lru (U— B SHz )R
MBMTEREERECERAGEMREEZRMBTHR &
Bz A SR gl d N LERSE K — &% 9585 b,
U W2 RO B R OR Bk A 45 4 88 (Economizer) R B
] Z i LA I 3t B 0 $4 4% (Feed water heater) R LI R 3R,
. O BHMZTEERKSE %ﬁ%ﬁ%ﬁ&ﬂMmmﬂﬁ&$ﬁKm&
enser)%ﬂt“"‘ZEﬁHJ“RM&&%’U&WK%&Z%@%@&@@MN Plote
_l:B‘f.&ﬁu‘F —_
| Volts=350. AmP.: 165 Cosd‘) =088
f =50 Cycle Y .connected
R.P..=960 H.P.=100
Mz ERACERZFBERE ST — EYREHE

:’i%?ﬁiﬁ%zﬁﬁﬁﬁﬁéi_iﬂT--———
kV.A.=4590  Volts=2300 | _
f =50 Cycle Y.connected, Cosd =08
Manufacturer: Brown-Boveri co. |
| Switzerland.
EBzHMAR@T.—

KW =3600 R,P.M.=3000
Steam press.=135 K.g Jem2
Steam temp.=3lo% _
- Manufacfurer: Brown. Boven co, |
FEREUZHBTREM YR PR~ L AL ETFTRRTE
A K T K R 2 AR B R D L o
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@C—Dwdma@,J,@mwﬁ T 102 8K B E Fomp 1H
Pump§ ¥ & 4 1 K % X Y 47 % Condenserty, Condenser 2 Hi 7k 4 77 — % I
W2 K% EE B — i W T L

“Condenserz £+ %‘—%&C@n&ensatejial&l 53§ % Pum ¥ (A
75 Hot-welipump) 1 41 % Boiler 4¢ Drain Tube, i3 47 Condensor 2 7} i € .4l
v Pump Z B & % WK Z A 7‘( 5T % Condenser ..Z A;r Pump B 7 Alr
Pump &% 1 2 7k fi] 88 Oil Cooler 2 1} 7K 45 — [} ﬁfg)\}@’%;[z:j{b{';} E T

Oil Cooler Z 3t 7k % il 4 i R A XY Z X ik

Drain Tube & ZJ’R ) Fi S fE A0 Cooler 2 13 7K 4% v 4R 15 Oil Coole; 2
ﬁ.ﬁ‘-“"ﬁaﬁf AR KE A E i R )

| ,&#EA B Section @ W R 0il Cooler & i g8 ) )‘Lﬁ WAt AR

57 Wi WﬁﬁmMKmm@¢nH,%m”ﬁngnmngm&
"F = Oil Cocler, F§ B Oil Cooler I 47 % Turbine $ Geperator Z b [ 5 &
TurBinéé i) ﬁCenera{or i iih & ﬁﬂ‘: 2,

Turbine (:Generator 2 [T A Foim vb 28,22 U7 ;J W2 e 22 s Tu ba
ine A BEAFM it Bk ¥ KTurbine Z ¥ &0 Z1 %% 1 /b Turpine Z &
A U AT B RS T

IR AR E (Ex‘*aus!: Pipe For Pz Crs.lﬂd) M 6F 75 fr % Turbine % Gene
<ator Z I B WA ok

BRIz

ﬁ%m%ﬁﬁﬁﬁ-&ﬁﬁﬁf ém*ﬁ}wﬁﬁﬁﬁwwm
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THE ADVANTAGES OF USING HYPERBOLIC FUNCTIONS

IN SOLVING POWER TRANSMISSION PROBLEMS

BY TEE-YUNG CHEN (BREa4:)
(Paper read before C.E.S. annual conference at Syracuse, N.Y. Sept. 5, 1925)

In a real smooth transmission line, the line inductance, condensance,
resistance, and leakage are unifoimly distributed alongits length. The
resistance and inductance of the conductor effect the magnitude and phase
position of voltage in proportion to the current flowing at that point.  The
conductance and susceptance efiect those of the current in pl'-oportion to the
voltage at the point selected. As a resu't both current and voltage vary in..
magnitude and phase position along the line.

THE NOM'NAL “T” OR “ # " LINE-esvo» The calculatton of a trosmissipn
line (when it is very short and operated under low frequency or zero féequencv)
"would be very much simple when neglecting both line londensance and leak-
age. In usua! practice, however, it is to conSJ.der the hne leakage and
condensance tolaly concentrated at the center of the line as T (Fig. 1), or
one half of the total each being placed at two ends of the line (Fig. 2), as
the so-called r. Both of them are termed as nominal in order to distinguish
the assumet lumpiness from the real distributed cases. The calculation of =
or T is then to start from the generating or the receiving end of the line, by
constructing vector diagrams showing the respective magnitudes and phase
positions of the voltages and currents in order to get ‘those at the receiving
or gemerating end. Such method is simpie and gives resonable degree of

.ac.racy when the line is moderate in length and bzing operated under low
frequency”

When the line is getting longer and Longer, the resuit from the nominal+
calculation may deviate much from the sctual case, the so-called correction
factor due to the lumpiness then becomes appreciabie, and shouid be properiy
apphcd o the calculation (This wul be dmcussed in Appendix)
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DEVELOPMENT OF TRANSMISSION LINE EQUATIONS s:essenevecsacs To
study the actual voltage and current distribution along the.line, the following
equations will be developed:

For unit length of line, let
r=resistance
x=reactance
¢ = conductance
b =susceptance

Then z=impedance=r+jx, and
y =admittance=g+jb

In Fig. 3 the plane P, P, is at a distance 1 from the origin of the line on
the leit hand. . The plane Q; Q; is at a distance of 1+dl from the crigin,
Let E and I be the potential and current, Then the potential at Q will be
E +dE, where dE is the drop of potential due to the conductor impedance. Siice
the linear impedance is z, that of the element of conductor is then equal
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zd], and the ;:hange in potential from P to Q will therefore be

dE
= 1, e " JFaeusvserrsevaunpennntoscrntrrtrarantnar 1
dE =lzd or Tl Iz (1)

Similarly the current will change between P and Q as

dI =EYdL or ‘—‘d"l—":Ey‘uu..-u.u-uu-.u.nuuuﬂv""“(2]

Differentiating (1) and (2) with respect to 1, we have

S Fg.3
£ E Sechon of an element
P2 Al ey :
3 L lar Conductor
: i
T oy
d'E - 2l s ererartneserrenaes ccresrasnrerese soreeerine(3)
di dl
d*l dE
P g ' VY PR BRegssansansanE s ave.reeun sunsan PEYTITI LIy’ 4
a Cra )

Substituting (2) in (3) and (1) in (1) in (4} we have
d’E

— ZYE FRARBINE I NAT RSN NG R AN T g At BT E PR SRRy u...la.nouuun.(S}

di
and

df1

_—-=YZI.“.....“.I‘.I..I....-'_-ll‘..."l.l.."..‘..l.l..l‘.‘lll.lll.l. lll(6]

dr

Thé solution of equation (5) or (6] will contain two arbitrary constants,

1=A € (yz)41 — A‘ e (yz) ¢l .........................;.;..[7)
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——— R R— T, P A [ — - -
Rt N

wd B [vz)‘é‘[ N N
y
IF welet oy = [%;;y;r g~ xb]]% and 8,= '_[:%—[zyv—rg-}-.xh)]-lf
then [ =A, ¢ FlAe=ifl _ 5 o~ (Qe=if)l e (9)
. ou;-;.si__ [a ¢ TEm i{ﬁln Nt
when et TP osBit s

equation (9) and (10) becowe

1=A € % (cos Byl —i sin Al) —A; €= T 1 (cos B4 sin Bl)ers (1)

Eo S [A.e +eld (cos Bil—ij sin Bl)+ A, € —<l (cos B +
Yy T

i sin Bll ] lllllllllll SrrrpnpstEzataennn l.l-l..ll...l..t.‘ll.l.l‘g.|‘llo[12)

In erder to determine the constants A, and A,, the length & is set at
generator end or at receiver end; thatis 1=0 or 1 =l ength of the line, measured
from the left end of the line, At 1=0Q E=Ey and [=1g. At 1:length of the
lines E<Er and I=Ig.  The complete solution of the equations (11) and
{12} will not be considered here, into any ‘particular case, but will be left to
the later when coming to the using of hyperbolic functions.

In mathmatical calculations, it has been found that equations {11} apd
(12) require tedious and complicate work, and that they are not easy to be
memorized for practical purpuses By introducing of hyperbolic fupctions,
they can be reduced to a much more coacise for < and are convenient to the
calculations,
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FUNDAMENTAL CONCEPTIONS OF HYPERBOLIC FUNCTIONS: -«

Ta study the hyperbolic argle we can compare with the circuiar angles, Figs.:
4 and 5 show the circular angle and hyperbolic angle respectively. the angle
AOQP io either case can be measured in radian! units,

AT

F- . " P
'gfr.c'ubr dﬂyk s }‘yperMc A le &

lé ﬁycmomt’ ,”5 ﬁﬂ(&ﬁl ’f_‘ 7?{90[70”‘ ﬂC EﬁC/ S

In Figs, 4and 5, let the radius vector O A be equal to unit length, Draw
PQ from the frce end of the vector at P, making perpendicular to Qa. at Q.
Then in circular angle ‘

PQ = Sine of the circular angle AQOP, similarly,
pq = sinh of the hyperbolic angle aop,
Again,
0Q = cosine of the circular angle AQOP, and
oq = cosh of the hyp.rbolic angle aop,

Now to find the value of the Tangent, wa can carry a Perpendicular
from the end of theinitial radius up to the radlus vector or its production as
AT or at in Figs. 4 and 5.

For circular angle,
AT = tangent of AQP, and for hyperbolic angle
at = tanh of aop.

To find other functions the same relations in circular trigonometry can
be applied. And to show their identiiication, some of the notable formulas
wil{ be mentioned as below:
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cos’ B + sif B = 1
cosh® A - — sinh? A = 1
sin{fA+B} = sinA cosB 4 cosA sinB
sinh(A+ B)= sinhA coshB 4. cosA sinhB
cos{A+B)= cosA cosB — sinA sinB
cosh{A+B}= coshA coshB — sinhA sinhB
Thus it is seen that the hyperbolic functions are not hard to get acquainted
-with if ore is familiar with circular trigonometric functions.

EXPONENIIAL SERIES EXPRESSION FOR HYPERBOLIC FUNCTIQNS:

In this case we have

. ' _ € -€ gt o' @7
sinh O = 3 o+ T 5 + T i S
9 -9 !
€ +¢€ 8* o8¢, o°
h — = I PN Y I N
coBh 2 2 el T
30 ee = cosh © _+ sinh 9 ,and €~ 0= cosh § — sinh @ -=ee++(13)
TRANSMISSION EQUATIONS EXPRESSED IN HYPERBOLIC FUNC-
TiONSrecraees From the forgoins study we can convert equations (7) and (8)
with hyperbolic functions.
Tet ‘

a = A vz, and 0 = al
then equation {7)becomes

I= A € A1 _ A, g'd\'l ............................ sessases(14)
Substituting (13) in {14), we have |

I= A (cosh & + sinh 8} + A, [cosh & —~ sinh9)
or { .

1 = A’(;Q&h © + A, sinh e..............................,......(15]
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E = As cosh @ + Ay cosh §reecnerencnreiiniunisnnnnin (16)
Equations {15) and (16) are another expres‘siOns of (11) and (12), and
they a-e found more convenient in compulation than those expressed in ex-
ponential forms.
Next to evaluate the arbitrary constants in (15) and (16), it has been
—tully demonstrated in the “ARTIFICIAL ELECTRIC LINES" by DA E+
Kennelly, from page 24.35. A brief reference will be shown in the appendix
of the paper.
To evaluate equations from data at the genmerator end, we have

E
Ip= I,cosh@, —7—-sinhe; 40assaressnnsassseranenarstarannsraess (17)

and
Ep= E; cosh®; — I,z sinh @ rerrecrorerorsasuarinioniiiinnie (18)

These formulas express the potential and current at any point along the
line, with distance 1 from the generating end, in terms of E and I, and other
line constants, _

Similarly the evaluation from the data at the motor end gives

E
Ip= IB COSh ez +—Z'E--Sinh e, ------------------------ Yrrenunen 010(19)
3
and
EP= EBcoshe’ s IB Zo sinh e’. ----------------- Craseames ano...[ZO]

THE MEANING OF THE LINE ANGLE @ +-e:-eseeThe line angle 6, indeed,
is a new term to the electrical engineers who are not in accustom of using
hyperbolic functions in solving transmission problems, Bu!as matter of fact
is not hard to grap the physical meaning; and when getting familiar, with, it
will help the engineers a great deal.
Since

a =+ ¥z, a linear constant of the line, sometime called the linear

hyperbolic angle of the line, the attenuation cpnsia‘ﬁt of - the line, or the
propargation constant; the angle © is just a pooduct of this constant with
the length of the line, Different lines have dififerent constants and so their
line angles are not same for a given leng'h,
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The meaning OF THE SURGE IMPEDANCE Z---»-e... From equations (7)
to (20) we have the term Z which has been cailed the surge impedance, It
is the only impedance offered by the line to its surges. 1t has been known
that the impedance of a uniform wire of indefinitely long is always equal to
its surge impedance Z, which expressed in formcla is

—,'LZ’: 2]
Z: e SIS NN EE St paepsa s n i AV ianaeniddigpaanstdbndbsprnunny [ X FENF NN [1
=4y

‘The MEANING OF POSITION ANGLE:-:«--- When a line terminates a
load ), the position angle at the line end, by definition, is

e [l = tanh-]_ —;?—-— — S BYTUerrestccratastidrineraniananas YIS (22]

while at any point along the line, the positon angle at that point is
Sp= Bp + O leeeeerernns seessasatnes crarinesansssansssanntens e (23}
VOLTAGE, CURRENT and IMPEDANCE ALONG THE LINE IN TERMS
OF POSITION ANGLE:--.:-.-- It has been shown that the voltage, current and
impedance along the line can be conveniently e'xprejﬂl in term of the position
angles: Thus

Ve Sinh§»p

e e L beratratersiesstesiivbea e ea s aae R Y sy bant aese[23
VB SthB [ ]
Ip COSI’IS P

et RPN 5
Is  Cosh§p (23)

and

Zp ._Tanhs” .................................................. e (26)
Zs ﬂTanhSB

where § pand § pare the posiiion angles at any point P and at the far end
B oft he line respectivly. By these formulas if we know V, 1, and Z at the
far end of a given line (the voltage and curcent conditions at the receving
end of a transmission line are generally known in ordinary case), it is easy to
find those at any point of the lize.

Graphical METHOD OF USING EQUATIONS {17, (18),0r {19}, {20}~ In
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equaticns (19) and (-0) if we let I;=1, and Ep=E,, we have.
Ea=Eg ccshQah 1 Zy Sinhggperesescnisianignn(27)

E
IA:: IBCGShe’ +F—Z"E‘Slnh ezﬂoc-u-n-u-u".-oon--uucun-n--[28]
0

The constru.tion of the voltage equation (27) will be based on Ej as
reference line.  In Fig, 6, from O we draw E; the reference vector.  Eg
:Tg_gélr'é_gﬁ_iffh'éﬁ_%?&—a\;ﬁ in a shorter and in lead to Ez. Eg cosh§, is
the generator voltage when tte far erd is cpened as ceen from the equation
(27) whan'F,= 0. Tle diffcrence tetween it and g is due to the so-called
Ferranti effect, Next draw CP=1q Z, sinh ¢ ,= Q£ F® where CF° is the angie
between CP and OEr. The position of the vect r C#* depends on the character
of the load. With unity power f.ctor 1éad at thé recciving end, while the
power factor is varied, P will mcve alorga line perpendicularto OA, With
a constant Kva load, P will move along the arc of a circle drawn from C
as a cinter, In order to keep the gene:rator voltﬁ;e constant as the load on
the-line is varied, the point P must follow the a c of a circle from O as a
center and having a radius equal to E,

THE CURRENT DIAGR AMereere .

Q N:zw we come to the equation (23). As

§ S ia the voltage diagram E; will be used
/
o

RF

Lead.

3
< \ ¥ as the relerence vector. Froin O draw

00"equal to (Fig. 7)

Eg
Zs

_ This is the charging current taken from
£ (oh© . < ra_: t"e generator when ti.e voltage at the re.
/]

sinh® = Ej; vy, sinh g

ce.vingendis Ezg. Wh:na load is thrown
Fg © _ on B the current [zcoshd will be adced
Vottage Dragram, tothe cha g.ng curre.t, This comp ncat
EA,.-EBC«.HQ* IGZ.S-}J\Q' is almost in pnase with the recew.ng
curr2atand a listle smaller in magei.ude.

Vo4 Scoke Itis represented oy the vectorO"'P.
ol o with a uznity power factor foad P

Eer will be on the line O”A. With constant
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pow.r and varying power facter, P will travel along a liae perpen licular to
O"A. Similarly the loc.s of P for conslaat XVA had wil be a crce d:awa

{from O" as a center.

cusk  COMBINATION OF CURRINT AND
g P VOLTAGE DIAGRAM-- -InFig, 8we hava
e “ _the combination of tha cugrent aad voltase

diagram, Take OA as uaity and1307%lioad,

divide it into 5 parts, as 8%, 617%, 4%

. The same case is appiad to O"P. Th-ee
oy PE scales are u:s2ssiry. Taese give cureat,

L
% power, and voltagz, The constant voltage
f%: circles are drawa with O as ceater,
) CIONDENSER CAPACITY-werereree. THE
SCE I > condenser casacity to regulate the power
, * factor can bz ecasily d:t2:minz1 Fron the
% o bn ol 4
| , . voltage diagram. Taus DA woild reprasent
Ltarrent 40’{’51"'#/«"? the nacessary reactive laad t> br'ng back
__h: 5!_{&,;,9 4 %%,&Mﬂ‘ the power factor from 83% to unity at 102
. N - % load.

‘-

et

¥

YDA

¥

-
A

.

Figd  Grliziton Faz 1 111
Lizgram -’
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SUMMARY::---80 far we have discussed the use of hyperbolic functions
ins~lvin’ p-wer transmission probleins. it is ccen that the changing of equations
{11), (12m]w_mto {17), (i8], (19) and {20} gives the advzntages of

(1) Simplicity in calculaticn,
(2} Easiness in metnoriz'ng for practioal use,

(3] Greater fac1llty in Imdmg voltage and current concition atany pc.

intof t thel ne bv {he use of the POSITION ANGLES FORMULAS,
[4) The convenience o} the graph’cal method rroving the means
to show the characteristic of the rarticular line at a glance,,

and (5) Accuracy in result,
-~ APPENDIX -
CORRECT.ON FACTOQR:seseee To reduce the nominal T or # into the

equivalent one, we have the following formulas,

N ~ tanh & sinh @
For the branches, k= For the archifrave, k=
S TS AR TR ' )

The use of these two formulas is indicaled in the following diagrams
Frespectively both for T and f.

R

) 3(2“3_,?) o 73RO
2 / 2\ & / \ & /
T VAALAAAA e A A A A
. .pﬁl
- X s zém-,._) R‘Q
é‘:“"'\‘.“' ‘-? "_‘:f = -
N L e
‘ .
)
’ i
A v
E?ﬁl},“?;-{h+ T i *. w --.um-‘ﬂ‘-

REFERENCE: A: E: Kenrelly's (1) Artificial Lines, (2} Application of

Hyperb-lic Functions in Electrica! Entine>r'ng (3) Ele-trical World May 99,
~319.5. L. 96614} J urnal A. 1. E. E, 1922 P, 795
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B % BB E A EER SRR
mﬁﬁ$23@

BuEAs gEn U/\UQ'}UC":’"" ‘U“U'UDU%A

@k f.Electrolpic, =. & & [T _ ;
ERRN AN O A\
R 2 4% (Fleming “valve) v

R t#% Dr, De Forest C'_z‘_/\ /\

BA—E®R(0DER)

R Fleming valve R R B A Z =R X Z %

BAR=BREERNEZ R

REIRBEBELERE LB ARG ERERS @K A,K % R
EEIENEFETETL L VL P LR LI E 3
R MO A AR R E R EZE R AN E R —
ZURUBKBAREZ—~H AL~ A OARTGZEREUT 3
ERZHR G ER—REK GRS N - Ge BST AEL RN S
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S EANEHCOCERE S A LR B EZERE A
CRHEBEEEMREERBISZ R E SR ETEENRRE
B 2o 0 ER L T8 2 3R 5 7 O B 38 AR 5 B % 2F % O 0 AR R AL

542 2 5 U AR B T 9% 28 47 BB 2 BIE L O ARG 2 TR 4R B B
2 % T8 A B UL BROR B8 W SR B o B 2k 9 05 B % RO B2
L D TR AR 2R T 2 A I 2 T A —
W Z A B2 1 T 5
T P EF A
Z 8 % % ,1‘-5 G-al#apometex_'_ é_ﬁ i

AFIEAR A B — AT 2
wﬁ%muéﬁﬁﬁﬁﬁﬁ#
R R AR
| BE T AR TR B %

|
R ERBGZHBEBT AR

Hal —!j _ Galvanometer i & — Relay i A
lxlffﬂ &RelaYEE@J'?E@ﬁ'ﬁ.Z%U.IEE PR LR e tn%ﬁ'%& H-ﬁf. ﬁ:#ﬁx’l

ET LA LEVE T LNESE S NSRS 2 2L
10,16 0 2 45 o5 7 55 T A B PR A 26 R TERR R T LA OB R R 84
BARBEZER

TR I

&ﬁﬁ%?ﬂﬁ%éﬁﬂmﬂw%ﬁm&ujz
mmmmw&ﬁﬁﬁ—ﬁﬁﬂﬂiﬂﬂﬁéﬂﬁmﬁﬁ e
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o BB R R Z A
i 5 fE ALY i Regenerative fig 7 33
| REMREAREERRERATZ
LN Compoundingsd & 1 &5 Ju @ 4 W
5 % 5k W I B B T R 2 TK BB 06
1% 1€ Impedance 2 35 R 8 i & %
4¢Mm“kﬁ 538 2 TR i

- b 4% B 2 48 T MBUL D, 5 Imped -
ance {57 /8 B2 4 % 2 % G o 85 5
35 R ¥ B I T ( Phase ) B
@m%ﬁ&Z%ﬁﬁﬁ&ﬁﬁlRﬁﬁﬁﬁz—ﬂ%WEJ¢ﬁmﬁ
A RS B M —

dt
M 4R A& Mautual Inductance jit a
Ebzr M EMYF. A8 K E®KAE o~

J\

1 5 08 B F PR f L B T 3
52 Coc 2 7 B PR % o W A 7500
WERENE RS R, KT
REABSEHEALTEZ . H
ﬁEﬁEZEMIfM%f&w =
WO U R R L -
Z AN T % %R okt B — A AL 5 = 5 % Freed Back Coil
rEEAMEETRRBZME 2 b BRR

% LB 4 2 4R 0 O B4 1 o 6,60 F 2 88 4.0 KEHAIA B Regenerative
amp.ifier e ) (8.4 LK B 2 70 T8 0 .38 b 06 10 48 1% % L VR o R B
&% fCoupling & MMM ARH R KFABZE VL RUEREH RS

y
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Bkt HAEMAIREBEI LR da ROFETLA KB
WCowping T URIB BBV E—~B A RTHRT 28 21

SERZEFAREHZATRAREEE FRABEBE L E
B A F 2.8 A Y B Regenerative amplifier B, 8 3 2 5 8 7 4 4
ZHEABEMBEFSAPUTZHEMES () —EFa® (b RsaR
B 8 A2 %% % B0 2 Coupling, (¢ )3R &5 4% % & 4 % 19 2 Coupling # =8 & i
o g % Coupling.( 1)\ e B (2) I RBRIE % (3) AMB R =5
$ b 2 1 R fE A

53476 (Radio) 38 & T8 (Audio) SR Mk 2

Wave krain Bz P Wave train 7 3.4 Audio 8 §2.% 48 Wave
train HEHZARBHCARBAEHZIAAREEDREBL WA
OB R E B R WS 2% 8 Audio. i ok 3.5 B R Audio Ik K%, E @
THEEAXBBRRF L E= XM XK EX 6

T oz Audio B O % =

ROPBENRMSETRAELSEE N FERABURETREME &
Fsinwtg it il 35,00 B W B K Z 5 4 FE L %5 R 2 (Ep~Eg)Fsinwt
e ERAEB R E S~ R EN R R 2 E R AR R A ZE R
W B H A R o B AR T B Y AR ML B M K
BoRSETREAUR ERBENHEAS GR N

BARARZTEAAMBZNARUBELERENB 20 R
ERAEUBAERLE LS ABRARB -~ TATERNER A
ZEROEMAR BV R RTFH TSI THTRRR.
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R R 2R - RGAR T

The Enemies of Tube Amplifier~——Squealing and Noises

wOPF 4

1. 4 & 33 #%X 3% Amplifiers in general

BRI [ kA EMk®EE ] Incoming currents or voltages Z
F %% ] Amplitude, 2R3 m [ A F 5 J Incoming signals Z A/ Z &
AELAERRERAREXRBLAE ~BET2ZHED K FHER
RIURHRBGUBERA L2 ERAEE &

RABBERIABBRUAH MRS E I SHREH/ ] Three
electrade vacuum tube, or tricde R XM EE X LA E T R E L | Vacuum
tube KR B MK EA — A ZREE LA EREEZ EWETFEN
FE5 2k ] Signal current Z Rl R LM T ) Distortion; J &
BERAE A U R 2B Bk AR S BTk M — 2R B

SHEARREZRAE R BT ERE MEREEZF bR
RZEMAFHTFHREZREBEEARLEARBIENEEFAKM
BZEETREENBEZEBRBEEZHRLE I ZORTRE S
HNERZEDRERSBENZ Y 4

EBERREGES ZERAZABAZANEZARC RS
BARBITEZARSSEMALRORRZEZRUTF ? SABE
BARRUNBEAGUSRTTASERBREARZBARE 2 mE
A-BEARARRE LR T2 WKL H R 2 BB A
ZHERRESBZAER UBRRZAMEAE ARALELFHELL
BIBRREZHRERARBAER2BR QICS REP ! W ZFHMA
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Bz gl —— [E % J A 5@ ] Squealing and noisesit t4t % &
R EIEEZ Morecraft RzHFLKBTRILE A |
B AE TR [ AE 2 ] Prin ciples of Radio Cammuni-
cation —HHAEABHATCLER B4 2 ML 702 5 ARE L

MRHZAEEAZIRERAZERRELAVNABERAINE AR
2o 2 R T K T T S B B R R R
GRBAERABBENT RS OMTL LR 2 FRABZE 2 &
KRG RRAZIRTE ST N Z AR 78 5 LR R S
AR

R AREEACE SO GO AT R e Rk
ﬁ&aﬁBmEEZ$EﬁﬁlE%m%%é&ﬁé&ﬁ@ﬁﬂ%ﬁ
GAREFPLATAREZEBARSHLIRE 5 HEF A& 570-860
840, 523, 83045 B ) 14 M 5 M ) 9 B & 4 7 AR 0E 938 I B 060
z - |

2. B 8 Squealing

MEEL AL TR EE R BEERZE X AME ] Induciance or traus.
former. repeating amplifier, & £ [ #813 J Teiepnone W ZE 4k ~ &0 8% }\'(,, _
&fﬁﬁﬁﬁ%ﬁZ&%wﬁgarﬁ%Jﬁﬁﬁmx&ﬁaﬁzw-

BwE SES LTS RAGZESSESE T @ ] Oscllation f i

-ﬁmawem@&ﬁr%ﬁﬁ&ﬁﬁ&aaﬁjm@kmwmmﬁm5
wirequency _ampl her ¥ MR .jz.
RS E B E KT

(a) B @2 T 2@ [ Coll I (% £E4 JDistributed capacity 4%
— T4 B A # | Oscillating circuit—m 5 — B BAMB R & AZEA &
AREACEAMASEZNAOARHERE AN S HZRAAH
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TR FN W

3-snge Amplifier L _ Ly

e e R e Mt w—

)
r:“’!:?*!*'ti
£ o
Colmneciion of Tube. Detector Receiving Set to amplifier,
Z-BH—RABRASEABERBAEIEHERE
MEMB R E R RETE S 2R B Filament battery.
BiRess W 8 R W 8 2% & B/ rlate battery,
KKGKGER R SER2ZMEE %] Girid battery.
T TaTafss BE 2% Transformer.

% = &
IPREABRAF B 2EEBRZIREBZ-FA— 26 AEBE BN
RTHBAESRZFABASFUCECREZUS - MZEE W
AUSCEZ HSERREZOVAEE(FER) Li-CI 8% 5% &
[#iE) Grid fps i ma el Eg LoC RFEBLCL 2T B
R EHK S Cun;ent of natural irequenc_y‘ﬁ]' Hakztl ﬁm‘jl_mpedencé.
HEFER L2-Cr 2®Wp e [ MEMRJ Grid polential £— R AL
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8 P,}‘,epb_,m_p Plauecurfantx}ffti o 22 RTL CEOF ﬁZBﬂﬁwﬁ L:-Cz
Z 8T [é_%_ﬂ Connectecl in Serles F ¢ BEE M J Plate battery,,éi-_}%;&
R 28 B0 T 4658 B S T J Filament 18 R M SR b0 2 [ € & J Capacity

BB T i T —mm$2%ﬁi%ﬁiﬂ&mkﬂ&&
#E #% La- ClZE%ﬂ&‘f&:ﬁhnnﬁﬁ&%&

kaﬁ-@ﬁ‘f&uﬂlﬂ#ﬁ?ﬁ L2-Ce Zﬁ KRB RS Ll-Cl iﬂlﬁ Lz-Cz
B2 T i At R e riﬁrmZﬁZ*ﬁ.ﬂ Correct phase, 2
# 24 [ g b 2 4 % J Smaller losses, 3 bt 4 & 30 ¥% 24 T ¥1 £ % J Audible

Frequency Ml i A 2 B AT E BB B L R KAEE Z R E 28 iy N
202 Eﬂ%é&%a&ﬁ T A EEE S Inaud;ble frequency, Ul 8 55 A1
FRMTRAEZRTORTFREDCZARERNEABEE

EARBERERZSARABEREBZEBTTHRDELS
EEBHAEABRREENARELRETNBELERZLER SR

& b

| (b)) @rmﬁﬁ‘ﬁ?ﬁj Grid condenser {43}{}]@2 s 2 AtE—
EEREER AR Z S AR TR R ED IR E AR EAARAT
BZREEASHRTERT R 2B B RN Z AET # 8K 2B
FRUDEGE LARFBEZ BT ) Electron 3% B 158 i 15
B 01 0 3 B 4R R B X A 03 6 o I B o R BRI g —
B-LEATBzABOZRRBOES

AEACREARTU LA HARERREEH 2 kSN

KRR ZRRABFABRAEN S 2 RO E XY SEREERE
REBT kA~ RBTCEIXASERARFEARREL2 ARE
BRART-AUZARKALRA ' DELABIRDARERR
P(RBBLE) ZARLRKAAXAAACUHARE W2 B
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iy,

ERFMZZTRWVWMAGUBEZAZ G ERITIBE LR R (8
Nk ) & RS2 @ RO ge R B 22 W gR. .

() AHA_BEBZZS — BIEBERBF S ZFEBEIES
a‘?’fiiﬂ'nﬂﬂﬁ%.l Output circuit UHBREDRBEFDRTADE

%Jlrput creuit S WEKRW B Z THESHF I LR 00 E R

ESMHMERERSDERBFEASETZ @M ] Secnndary coil fb
AT HERARABE LN AZ M BARERZ RLBRB~B 2
AEBEEARKBZRCR AR ERE S - BREETFH 82
WS R E A AL HRET B2 i § Right phase s 5 A
5P UL T B I 2 T 2 VG 56 A0 AR D 28 40 2k SR B,

o BT S O S 1 B A R SR 06 R B 1R EE R
FUORTE-BzHCHAR RN TRUTE B (AEARE) 2
MEBRRREXD A UATLEN L NELES SRR RTHEEZ
WA B R e ] Amplificationss 7 {ff 22 §4 i HE 35 .

‘|l i l-/ ‘.- J‘/\.\‘-
[ e G Tl T2
k "}_5 s = \?’f“\- - ' g
S NS N T 5
{ G ST j £ 6\
2 T - -y
| ’_1 F2 k3 HE Y
L L el TN 2 WS N I
1 bt | |
=i
< G |

LUABERKBZRERRE -~ B2AEHMETAMBL— b
Mgz RER A - B2 HERRXE-BLRERAN T ZH T
HMELCABBTTRIXBETFE-FZ2EBERZEXREBHRTZ
EBEAERN2888 0T R, |
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3, 17 %3 (% 2 8 2 B & 13 1% Remedies. for amplifier squealing,
 HBBEEBRRRIBLZBRBTZORE— iﬁﬁziﬁ-iﬁ%ﬁ,ﬁﬁq it
& I8 48 ] Self-oseillatonZ M .4k 1 — # T4t 85 K 2 8 J Tubes connected in
caseadefERBZMu LA AR EHALBEEALETHEARSE

MTFAERBANZHFBEEIETRBE LR B 2RO F2A K
5% 82T 08 B i

(2) REMEHERZABE LSRNl HERXERARE ]
Resistance-repeating amplifierER LI B — B MERBER B RS BH
M- BEEZEARRCEBERORAURSEANT LB~ B oK
RO BEAEEAREEFTRESZERBEBLRAHERLER PN
CRGHA A TEZRESRAMEL S RERE L EET K K500
F kB

(b EBBZEARERSARARNEAZHEOEIHB2ZH G
FEZRAFE-_ERSACEREALZB IR T ERNZERR S
EREBERYARTFREARZEN G BERNURELRE & R
BMZEEANBHERTEEMAALEN R ERR AL T I

(c) THEHRRZER &ﬂ:ﬂéfvbf J Each tube and its holder % %5 & ¥ i
BRARFZARNUBAGZASEARVUEN - B REBREREET
BEZRBSZOAYHESREABZ XA AR ZRRUBREB 2
HBSEEZEA N EZERR KL E S AR AWM SLEE & LA
% 2 B

(d) FBZFBE W Kk & 0 o 3532 5 5 0t sk 08 R en
H- R A EBEBIRELOENAREZE R NEEBRN
PHBR 6 Ah 0L P B R T — A Z B B (8 9 e 3 Gk 0 i
Z [ %€ J Resistance f@ ) & & & 57
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() B ERBALBTRELZNBREE B S ANERE

LASNBEEERAARRFRARREAS R ZHBBUR BN
SR P38 ] Shortecircuited ¢ 45 807 ) 200 MB A %508 2
BERRBRBRBLE-RAE B I RR(ETFREA@ ) RETFA
R BEMZ KR T B Rib S Storagebettery | /A L % £ 5 2 2h ek %2 J8
(NMBEBABRZH) MRAMAEE LR G2 IHEEEEA bS8y
BEAE(WERFREODE UL ERE FIOXE ) 3L FMaEE
BRI E R AR ZA G WA %

LHREMFEEATBE R (DPRBM) BY R S Z2& T @
ERIDrycellGHERBZREMARYBAE L a0 § — EHE W ok
HARETOE - MFRZEESRHMIEE b2 B WS EH— W
B 5 0 3¢ 55 B B R B ST €0 4R b

4 ¥ 718 '% % Tube Noises

RGBS AR AR R 20 E R E 80420l E S
QEEWZE—E(i&%%~ﬁ)2ﬁ&%%&2~m¢§%mﬂ
MRARETERRBZRERE - BAZB DS T EBE N A — s
BHIRRARALHMERL G L EREN RS AR 2 LA BRAR 2
ARLRRBEURNAEE RN ZANBHERG RS E > — ki
BEBBES @2 B8R T G T B 5 B 2 AT
% M2 8 K Ik AT B IE R 13 B E 1 I 0.

BEXABRZBIBE IR AL SR RET 2 5

(2) B ERZERBERUSZ RS ( LB L)

(b) B % & 2% # & 8.

()P BEBELET MR ] lonization: BEEITZl &S 3]
meummmxﬁa&ﬁﬁﬁﬁzﬁagmﬁr&almmmwue




244 | | T -1 Wl

2

R Z A4 ko v A A R Hﬂiﬁmﬁﬁ,ﬁﬁ& T 2 e ld"fﬁ
R BB T E 2 T AR R 48 Z T & 48 1 Elements %
B R R 0 R R AR e W AT B A
SEEEYES YT TR YT LY T ERROE TS
BEAABFRTEHEHANESELBREZRERARREZ L1
R A RS2 R O B AR 0 L AR 2 A S
HEEMEFABNATABEEL LR GR R ISHREoRE
BIRXB S ALBZ2RBLRDBEOKEEZT F R 8 % S
Inaudible frequeney i \RELA F M R RBABTA LR BEE L RY
ERARBEEH.

RESUREBZA-RAEEEZRTTREALE NSRS
BHapuERBERA TEARE ] (nput voltage) 104 {536 15 — 18
ZRE®AZMEC(R T K5 J Reactance) 550,000 [ B J Ohms: & &
kB2 E @'mr@j%uwﬁﬁ“ﬁﬁi ~ T RTAE— B
Zﬁﬁﬁ2§@§wmffjmmmﬂ7$ D Zéu%%ﬁﬁﬁ
B-BZRERZBUZTFHAZ-EAR—-FAMEFLHRE B
IR PPTEFP T TR e TP L2503 1)
ERNTARAREEZREXPDAMAZ BUMSEEL

T OB PRS2 6 P61 AL 00 T 10-0 4 05 T £ 3 T
P AT 2 R -
CNHT A AR ARSZR-REHREENED ER TR
ZHAFERTAT 10 Gl s 2 2 B I ZH A AT 510 2 50 5. 3
AREZBZARAA(HRBER)) VARHETEN - RIT &
FEFF T RS LT'Y ST
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rj ﬂ:;j‘ﬁé 7 ?:1:'55 ( Synchronouls converter) Eﬂ_ I“_“‘] %‘% ﬁ'ﬁ]
‘55; ﬁﬁ*ﬁ Lbynahronous motor- gvenera.tol Set) EE
SEHE A B i

( %ﬁ—‘ﬁﬂr\ff‘ Hﬁﬁ‘ G E. %35, W.B, Snyder 5% )

o

B PR B R A R
'ﬂ%ﬁZﬁ%ﬁﬂxfﬁ$%£;%i%%§ﬁ
BN 2 AU AN T A R RBRABD
BER 2 b

ﬁA¢%%ﬁmﬁ&%ZQkﬁﬁﬂﬁ%ﬁﬁﬁiﬁﬁE%%ﬁ
6.5 1 0 00 % R B B 08 O B 285 B 0 R T 4 5 08
I B T T A LA P D 238 R IR B T PR T A
BHBERZRRD BB ZRT:

(— VB i K3 & (First cost and eff:menq]

PR ERH A ZERAE RN 2R R ERVET S 2 Hil R
G MBS A 2 E E LR = T A bk R B R W B

(=)E7 B® (Power factor.)

RERRRRERZHOARAZE I RBERFARBS S 4
AZHRBHAZGEFNARSUL T EERER AP 2 WA
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WS E S 2T o (Legging A B 2~ 3 QS KB H A2 E T E &
mﬁ%%ﬁ92“+&&m&ﬁ2ﬁﬁE%E:ﬁwﬁkzﬁﬁ%%
B H AT A I DUR % 2 R AT B2 ) 8 R R T 4 .

B ER L E N REE 4 Z ~FE R 2 AT HLeading) ok
'ﬁﬁza+ﬁmxamzamﬁmﬁﬁ$¢m%@ﬁzﬁﬁthﬁ
GERREAATEEN B BRZ A S Gk B R %R R
EHEREHS R RAS B SR EB R AR EAATELES
 ABZEMRE TFCLH AR EINBATALE T E AN G2
~HARBETAZES TS RERBHBAGTAZ P KA S B 2 H
ARG 2REAZEIBRIKE. | | |

Y- znﬁmmmmqﬁgmxﬁaﬁcmmmaﬁ thzE
BMERERERERNBESZ IO EAATER IR RZA S E
'aamﬁﬁ@Wﬁﬁﬁﬁﬁﬁﬁtft%%mwafﬁﬁﬁﬁﬁxa
BZEFERES 2 —
| (Z)YEH A Tﬁl (Power contract.)

593 & A 2 8 & 7 3 R (Demand charge) 88 #8 & (Energy charge) i

.&ﬁﬁ-ﬁ-ﬂﬂﬂ t&jJ EE'!Z & sr(Power- factor clause,} & 38 7 ¥ o EE
W d B2 B R K 41 MR B T2 6 R L I R R 12 R T i o 1%
AR GZASAREWBERIEALEZLZABEARGAED
O 0 A G B AR B AR 2R M2 R [ T
ﬁ%ﬁﬂﬁé@ﬁﬁ#%ﬁ&%&u@ﬁﬁﬂ@ﬁ&ﬁﬁtﬁﬁﬂm
ARGZHERNER RO AR L

()& T 4 (Power supplv Bt % 18 5 )

Ve O SR O N 2 JEE O R A A Z R A
PSR AUBMERZ EREEE AR W AR AR ZBERRH
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0 ) 8 R 22 B S S I A8 A 2 ) B (A
mature) 5§ Z ~ B4 =X U9 {5 % 7 ¥ 7.5 JE 56 6 5 I 238~ (Regulation.)
AULE U006 T T BF 2 R B PN G e o R T DL LI B IR
W 2 B R R
(ﬁ)[ﬁ:‘jﬁ .g, 1 (Dn-ect cur ent load)
| B E R A Z W B Over-compounding, % B 2 9% 7 §H &, A
fi 0 5 O R H) KB L W OR B RO 7B LB B R R 1R 28 LR
e U TE B UKL R OB O R SRR B B IR B B f 2 O o O A
2 77 (Parallel, ) [6 6 36 66 0 2 B 0 6 9 48 SR OB B SRk B ot
R RREEE AL RER T ARE A RW R R RRT €
B 2 0 0 B 16 B Z b,
(R O3 4 I 2
ﬁﬁ%ﬁﬁzﬁﬁﬁ%@mﬁ%ﬁyww:m@ﬁivﬁﬁ%%
X ﬁmmmw@ﬁmi#i@%ﬂ&%ﬁﬂ%#%@%ﬁ%%
F e O % SO DD B B SRR AL 05 00 B T

(VM R E

.I—-—-*ﬁ5&’3&21"6@@#E%%FZREK&%%&EE@%?&E&;E

BMEZAEE -
RZBEER BAZRE
(ERES) W% B
o B o 5 & BT S
200 908 86,2
400 919 B7.6

600 92.4 £8.3
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800 92.7 88.9
1000 92,8 89.2
1200 92,9 89.5
1400 93.0 89T
1600 93.0 89.8
1800 930 89.9

(2R 8, X

RE——B ¥ & B 8 Z 1 & 15 B R 42(Switchboards) Z (.
ROGEE Z(H 615 B IE ISR AR ik T s 8 mE SR 1 i F Z &,
% E R FRBANBERZERMEE (F48)

(ERAK) bA B RHBER
200 132 140
400 109 119
600 98 11g
800 93 “104

1000 88 100

1200 86 98

1400 84 97

1600 83 9

1860 82 95
(Z)E B H #& %

H——TH R PRESLERRE ENA.
&% i GEBRAKZRR(EFR)
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(ERALW) % o CAE R

200 147 123
400 124 111
600- - H3 — 166
800 107 102
1000 103 100
1200 100 933
1400 985 98
1600 97 91
1800 96.5 96.5

(MYBT 15 T M B R

AR HERARZKRGERE (B48)
(ZBAF), ¥ 5 6% BB B
200 230 168
400 165 130
600 144 115
800 131 105
1000 120 100
1200 113 96
1400 107 92
1600 101 90
1800 99 88

INTENEFTT EEAGTFD
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R T 2 R R 2
RoB A

IF 9 76 W ¢ 5 0 8 oK Bh LR 4B O 4TI 2 MDA AL
AR R AT WK R SRS Caro) F BB RO RAREZE
OB O 60T 0% 26 0 SE B 68 %R 4 2 IR MRS A R AL 4058 T ER— R 2 48
80 T B 276 S TR T 4 0 K 740 Rk 5t
FANABERIFEXBRAMEAABEERMAEABENERBRK
B 5 MASE I R TR R IR N /Y 2k OSSO 00 7 S SR O 4 Ui R
TRERKEFAFE

3
'ﬁ%ﬁiEﬁ@ﬁ%iﬁ%ﬁ%ﬁﬁzﬁﬁ%ﬁﬁﬁﬁﬁﬁaP
| kfﬁ&unﬁiﬂzﬂ%ﬁm%&ﬁu&ﬁfi—%zgl@ﬂ%mnwn%&ﬁ* ““““ HniA RS
HERTERR

B K 8 B = (=) 51 R (Cilring) 27 14 () 30 #r o 2 R 32.5)
mﬁ@@&mmﬁﬁwﬁ#mgfmﬁmMﬁﬁ@,gwmﬁméw
R U5 4 75 B 5 84500 F(Rotor) 3 £ 9 B8 2 1 18.4% 2% 6 W 858 AR
%mmﬁmu#ﬂmﬁu&wﬁmgﬁﬁ%@2%%&ﬁm~_ﬁm
HEREZ.

W R B A K B OR 2 IE SRR N 2 M B
B S B i 2P (Bearing housing) Beal i B 76,18 ¥ 06 F g I6] A 0h i 7R 2
o 35— B R R AR S A R W
S 36 K 20 TR T T BB A W%
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ﬁm)’hﬁw&ﬁﬁégﬂmﬁ %@&ZUE%

wﬂm%@ﬁZﬁiﬁﬂ%ﬁamazxmmxm&mm@ﬁﬁ
RZORERL BN -0 EE & 7K Ba AR 2 R L ERSatr)
S 2 O R R T A7 B 4 R 99 B B0 9 R R 4K 46
ERBTEEINASBERAG SR LA BRI T R KR,
WHERSFRER

o 7R B B UL b DR 2P 407 0 O IR B 16 51 0 7 B A W R B R 2
WARGHEUEBATAREBERHD FRARHT 2

@@mﬁzﬁﬁgﬁﬁmmm@mmm@ﬁzﬂwmﬁﬁﬁiz
2 5 2 W W B R O 2 R UE R

BETHRAEH R B H
ETRZZHURIRBBERBRERFEBEAREFER S
K 17 B 98 8 2 b TR T 55 W B8 W 3 K B BB UIK(Power factor)
FRZHERAARA - ANRERERERANY —BE LSRR
FRBBPEN —CRETRATHS B R ERERE FABUS
BARENRR
ﬁﬁaﬁﬁﬁm%z$aﬁﬁﬁ:kﬁ;gmgﬁﬁzﬁﬁm;“
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