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       Carbon Piies for the Automatic Voltage Regulator.

                              By

                      Dr. Kunio HAYASHL
                   <Professor of EIeetrical Machinery)

                      (Received Mareb. 3'1, 1953>

                           Abstract.

    This pape,r deals with the charaeteristics of the carbon piles and

a graphical golution of the constant voltage apparatus, and with the

theoreticaJconsideJrationsoftheprocedureindesign. '

                        1.Introduction. ,

    The carbon pile is now widely used as a eomponent part of con-
stant voltage apparatus. Its characteristic merits are that it is very

simple in m.echanism and durable against mechanical vibrations. But

on the other hand, the demerits are the relatively Iarge voltage re-

gulation and h.ysteresis. Moreover there are not yet available reason-

able specifieations for the carbon pile and th,is is the great obstacle to

designing and using it.

    This paper deals with the characteristics and the graphical soltion

o£ the operating characteristics of the eonstant voltage apparatus.

            Z. General characteristics of carbon pile.

    Among several characteristics of the c.p. the relations between

resistance, compressive force and the contraction thereby, are impor-

                         tant. These characteristics are subject

                  V thepropertiesoftheKStypee,p.ofa
              Wbe C}-hsbe train generator and Fig.3showsthat of

  Xwecenc alamp voltage regulator, [I]he KS type is
                         now used by the Japanese National Rail-
   Fig. 1 Measurement of
        Resistance. way･Itisditliculttoobtainconsistent
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resultsatalltimes, The
within operating ranges, and the

mentioned later. The resistanee
As an example the K S type e. p.

are as £ollows:

    Diameter :-48 mm.
    Thickness :-2.0 mm and'
    Total number of

If th.e resistance be assumed to

per disc to be three, the eontact

shape of eontact point to be a

calculated as follows:

   .R: contact resistance
    p: conductivity
    T: radius of the contact eire

according to R, Holm we obtain

       R := p1(2r) ･-･i･･,･.,........

Thereforeassumingthe '''

                     T = pl(2R)

Thus the contact area is very
aecordance with the inerease

deereases inverse proportionally.
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Fig. 3 .Charaeteristics of the e, p. for

      the lamp voltage regulator.

                to be straight

     must not be too steep as
   upon the contact resistance.

      , of which the dimensions

       O,8 mm alternately.

discs :-46 (2.0 mm × 23, O.8 mm × 23).

          be one Ohm, the number of
           resistances to be all equal,

         cirele with it$ radius T, then

le

contaets

 and the

r can be

       ---4--------------------------------til--- (1)

resistivity p to be O.O04 9-cm, we obtain;

        == O,31 mm,

      small compared to the dimensions. In
    of eontaet resistance,the radius of contaet
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   The
shown in

resistance distribution in

the following Table 1.
the carbon pile is not uniform as

[l]ABI,E 1. Resist,anee distribution per eaeh eontaet,

CompreSsive
 foree gr.

760

160

Thiel<ness of
 pile mm.

O.8

2.0

O.8

2.0

Contaet resistanee per eaeh contaet m2

48

15

61 39 56 3-7

21 18 12 ll

36

IS

3S 33 35 O.1. 36 O.9

23 18 l7 31 IO 19

60

35

51 66 83 6S
35 24 20 IS

83

21

65 62 4S 62 64 8S
50 33 3S 21 42 ?,O

                     3. Temperature Rise.

   Electrical heat is generated in the c. p, and 'therefore the tempera-

ture rises. If the temperature is 'too high, then the device will soon

deteriorate.

   (1)measurement,oftemperaturerise ,
    The temperature rise at the eontaet points eonsi. sts of two, elements

one of them is the surfaee temperature rise o£ the discs observed as
a solid block and the,other is that temperature whieh lies between
the contact pQint and th,e surface of.the bloek. Thus the tempeyature

rise at the eontact points or the maximum temperature rise is the

sum of the two. In the experiments, the surface temperature was
measured by a copper-costantan･thermoeouple (Figs, 4 & 5) and on the

other hand a mercury thermometer was used by placing the bulb in
contact with the sur' face of the pile.

                 i-The temperature distrlbution was

measured by the thermoeouple

i;

neptli

2m"i
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tthpte

Fig. 4 Hole centaining a ther-

     moeouple.
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5 Temperature rise of the c, p.

  for the train geneirator.
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(Fig, 6); the temperature is higher in the middle range than at either

end. The unequal distribution of temperature is probably due to the

unequal distribution of resistanee. The temperature-rise time curve
is given in Fig.7; the pile is 48 mm in diameter and 65 mm in length.

The thermal time constant is 12min., from the figure.
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Temperature distribution of the
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 The £emperature rise o£ the

it be assumed that R. Holm's
  the temperature rise is given

 0- VL'1(81icp) '''''''''''"'''"''''''''

expression V is the potential

        conductivity
way, if the voltage at the e. p.

 eC
1oo
8o
6o
4o
20
 o

Fig.

In this

fo is th,e ther.mal

By the
obtain

                        V =-=:- O.55 volts,

    Assuming k=-O,2 and p='O.O05, we
obtain e:= 380C. If the temperature at,
the s,urface of the pile observed as a solid

block is 1190C then the temperature at
the contact point or the max. tempera-

tuJre will be 1570C. These numerical
values are applicable to the K S II type

traiR generator, at 1800 'r. p,m.

   In order to decrease 0 in,expression

(2),,it will be effective to limit V per

one contaet.

   KS type lamp voltage regulating

Ibrver,' 25 W

ig. f?bom Tefnsh

                    -la--la.L--va"la. al
          O tO 20 3o 40 50 60ma･
          7 Temperagurerise-Timecurveof
            the e. p. for the train generator.

   cQntact 'point (caleulation).

        formula"' is applicable to this

         by the formula

        ..-....H.".-.".-.......-.. (2)

        difference between twb bodies,
(W70C-cm2) and p is the resistivity (9-em).

         terminal is 25 volts, then we
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   O 2o co 60 sc 1oo･Ter

Fig. 8 Temperature rise o£'the e.p.

   for the Iamp voltage regulator,
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carbon pile is 68mm in diameteT and 115 mm in length, Its thermal
time conseant is about 25 min. according to Figs, 8, 9 & 10.

                        tw IEbwer; 45rv
   /gOgCiR'7eP,',gOOtwi ,gog. nd'aom"-'n`"pttav

    llg wat:re:::tLtal::.c:tt----d,,.,,,.wN-"-Xll'" 230o"-R:itl:.zm.s:tzL..anim..,tu,t72?tnp di

   Figo9Temperaturedistribution O2o4o6o8o/o()!2o'
         'ofe.p.forthelamp Fig.10Temperaturerlse-Timeeurve
         voltage regulator. of the e. p. lamp regulator.

   In these above experiments, the temperature was rather uniformly

distributed, but it was by chance observed that th.e temperature at

one contaet was extremely high and red hot points were observed.

                  4. 0ntheverticalpiletype.

   The writer stud:ted the relations between the vertical pile fo.rm

and the horizontal type.

    (1) ?reliminary test.

･ By the device illustrated in Fig.
12 the resistance was measured wi'th
a measuring current of 1 Amp.
    The upper electrode was ,made of
copper, 32 mm in diameter and 4.8 gr,
in weight and 'the surface was cleaned

with sand paper. The c.p, eonsisted
of discs of two thicl<nesses, 2 mm and

0,8 mm alternately. to a total number

                   of 46.

  t The lower                   meter, 5mm in

  . Dwas made of  t                   effects of the
             p                   thecontact '

     Fig. iz The weight
   Vertiealmethod. greateffeets
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  o ' Io-wwEkean=.2omnt.
  Fig. 11 Effeet of eurrents upon
        the resistance of e. p.

      C was 48 mm in dia-
iekness and made of carbon,
    4mm in thickness. The
  of the upper eleetrode upon

      lmown by Table 2,
 of the upper electrode has
tl}e mesistance.
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W gr.

 o
 5
 ]o

20

60

1OO

20.0

2'.O mm
  wu
× 23

RAu

ll.5

1O.O

9.5

8.2

5.9

5.0

3.5

RJjc

      't'
    (2} Resistance by the

   [I]he 'resistance R,
                   vc
table column II shows
column I vtras replaced

maiiied unehanged.

                TA]3T,e

98
9.1

8.5

7.:J,

5.4

4.7

3.3

RA.D

12.0

10.4

9.6

8.5

6.5

5.5

4.0
d

o.s mrr} × 23

R.Ac

11 9.0

16,2

l4.8

II 2.7

S.7

7.2

4･.8

RBe

18.0

i5,o

13.4

11,S

7.6

6.4

4:1

RAp

20.0

16.2

14.7

12.8

8,9

7.3

5.1

vertical pile type,

was measured and given in Table 3. In this
 the resistanee when the uppermost dise in
at 'the lox7vermost position while the others ire-

 3. Resistanee a£ter shocl<s.

va g}r.

  xl

 lo     I
 .n.o I

 60
 lioo I
     i

ll.O mm × fa'3

I [ m ..Iv l v

e.s mm × 23

,7.5

6.7

6,8

6.2)

4,2

3.1

9

E

8.1

68

6.4

5.9

4.1.

2.9

S.4

7.4

7.l.

6,3

4.4

3.3

I!

8.5

7,5

7.1

6.l

4.2

3.3

l
l

l
l
e

F
E

9.0

8.2

7.4

6.6

4.6

3.6

'I

i
l
]
l
l

l
i
i

13,9.

12.5

l. Il .3

9.4

6.9

4,9

ll /

15.0

l3.2

l2).1

lO.3

7.5

5.S

ma1 W! l v!
T

I
I

l
:

I

I
I

15.2

1?.1

l2･.O

10.8

7.6

5.5

I
[

1

il 5.5

13.4

1?.1

IO.4

7.0

5.4

E
F

l
I
l
t

15.8

13,2

J.1.9

.10.3

 7.0

 5.4

TAB'r,E 4. Resistance by no shocks.

VV gr.'

 o
 5
10

20

60

100

2,O mm × 23

I

9.5

8A
7,9

6.6

4,4

3.5

I!

il fir l iv

9.7

9.1

8.6

7.1

4.8

3,.7

9.3

S.7

8.3

7.1.

4.S

?,.9

E
10.4

9.6

8.7

7.4

5.0

3.9 .

v

S.5

8.0

7.4

6.5

4.6

e.7

tt

O.8 mm × 23
mu

I

I!'

i
:
t

p

15.2

14,O

13.0

11.7

7,1

6.2

Ii

15.6

13.4

12.4

10.3

6.7

5.2

m!

16.2

14.1

12.4

11.0

7.4

5.6

Ivi

16.6

14.2

12,8

11.6

7.1

6.2

v!

16.o.

14S.

12.6

1].3

7.`2

5.6
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   Columns I!I, IV& V are similar. The resistances shown in Table 3
were obtained after giving shoeks to the table on whieh the apparatus

was set up, and the ones in [l]ab'Se 4 weTe ob'eained when no shoeks

wesce given. Comparing these two tables it is noticeable 'tha't the
resistance will become sma]ler by giving shoe!<s. Ta3)le 5 also shows

the effeet of shoeks upon th,e e, p. resis'Lanee.

      ISAp.r,E 5. Effeet of vibration on the Resistanee, RBc 0hm.

                      /t t  -=-= ･･."-･･.-･wo pm - "tinvFirs't set

9.8

Vertieal
 shock

9.1

llO,r
ilZ.O,f,t"il re-set

       j

8.4 9.4

Vertieal
 shoek

IHorizontal

i Shock

. 9.1 S.3

re-set IVge,r.tgf,ai

     d
    '9.4

..="ww.umza=J-=rm)rt"

8.2

ta==an'''==an'･'.''"''..ttnt)'-ww='muma,maun･',-.-. ,..･,･.･..･mm
 <3) meesistance by the horizonta･1 type earbon pile and relations between the

     horizontal ana the vertieal types.

  [Vable 6 gives the resistance ltb. in F2g,12 by the horizontal type pile.

         TABrJE 6. Resistanee by the hor:,zontal method.

pmttm-mu"wtutsL' '' 'um'x Resis-
 x  x...tanee.
   'stForee""x I
  5 g.

 10

 l5

 20

 35

 60
100

160

?oo

260

Xny.iOOO

2.0 mm × 23

33

21.2

15.1

l3.9

9.4

6.8

4.3

 3,.1

 .n･.7

 2.1

 e.3s

ll

29

22･.4

16.2

13.4

9.4

7.1

4.55

3.5

2.82

2.1

m

29.2

21.5

16.5

15.0

9.6

7.0

4.7

?.2

2.7

Mean

  st
30.4

21.7

15.9

14.1

9.5

6,9

4,52

3,27

2.74

2.10

 O.38

O.8 mm × 2･3

I

29

23.5

20.5

18.2

13.0

9.3

 6.95

 5,l

 4-.1

 ?,e45

 O.61

l m

32

25.5

2)1.4

19.4

1?,.5

9.4

E
I

1

!
i

29

24

19.8

l7.4

12.5

8.7

6.0

4.65

4.05

?,.25

IV

29

24.8

2e,o

18.0

14.0

9.8

7.2

4.65

4.00

3.25

Mean

   il
29.8

24.4

20.4

18.3

13.3

9.3

6.7

4.8

4.05

3,32

O.61

    Now we wiM find the relation between R. and Rh, whe: e R. is the

xesistance by the veytical type and lth is the resistance by the l]ori-

    Biig. i3 gives the relatioi) between R,, and the pressure; now, in

Y"ig.'M the eompressive foree between 'the upperrnos't dise and the

seeonC[is '' '''''
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                                     ]
       A

       -&.', ..'.I,           Rl, l'1･,                                       lli                       . Rli &I R}i
                    BR. I･li i,P
                ' i':i':l･ IRlt-Igt
       ?ei3' El.a,,,ma RaB a,a
 Fig.13rtaResistance-pressureeurveof Fig.13b.Methodofapproximate
     the e. p. at the horizontal position. caleulation.

                         Pi :::r Po +w

wh,ere P, is the sum o.f the weigh,t W and the weight of the upper
eleetrode, and zv is the weight of one element disc of (ihe pile. The

compressive £orce between the seeond an{il the third dises is

                         P,, =- P,,+2w

Similarly we obtain

                         Pn = Po+Mv

   I.f the discs are all homogeneous, then the resistanee between the

first and the seco'nd dise in Fig. 14 i's 1!n times as large as Ri cor-

x'esponding to Pi in .Fig. 13.

                            a
                            t'"''"'

                               '1-

2
3

nv
n

･'e==E+-?or
'glicBt･2w･
g=Bf3tcft

/RcrMt-nzu-

                  Fig. Z4 Pressuve di$tribution by the
                        vertical type c.p.

Thus

       ft.=(Ri+R,,+R,}･t-･t･ +R,,)1oz ･-･････････････････････-･･-T-T(3)

To simplify the above caleulation (3), an approximate method is proposed :
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       Ri+RL,+R:}+Ri+'''''"+Rnmi+R?t

          r. Ri + Ei+re2 +...-- g,t--.d.-R-7L+ =4za

             22 2                                         2
         =- (.l.il..1.ll. i-.tl, ll...!.t") + +.ib,.. (.-R.!:211.4r･L･1,v -F ..,H.. .R..zL,.:.t2-± Zi2e i- ,, )

         f.-l.i-!-I2hR--zi-+-i;area(.P,,t4Bl'1,) -i･i-･････-:;･･･i･+4-･Lr･･･(4)

From (3) and (4･), we obtain

       Jei)='ti-2-'-."'"iR<i'iXJ.t',Rf'sir,llgFFri],4t//ieSl,1:'XA't'(lili31:'i''6- "'''''''''''(5)

    [I]able (7) was eal'uclated fyom Table (6) by means o.f expression

By comparing tl}is table with Table (3) we can reeognize the
rectness of expression (5),

          [VAisi',ig 7. Caleulated value by the expression (5)

         ptfi:

(5).

COIi-

W gr.

 o
 5
10

20

60

100

Rv (2)

2.0 mm
 '"(t

7.92

7.23

6.70

5.86

4.13

3.23

pm

O.8 mm

  .L)
16.4

]4.6

13.3

]'l.2

7.34

5.72

    (4) KS type lamp voltage regulator c. p, (Vertical type)

    Th,e measurement was made by the method illustrated in Fig. 12,

As for the effeet o£ the surface film, thez'e were no very distinguish.able
differen.ces between the elean eopper eiectrode and the one which had

been exposed to the air for several days.

    The lower electrode was made of brass. Table 8 gives the xe-
sistance by the vertical type earbon pile, of whieh the measuring

current was 1 ampere.

    In this table "average" expresses the mean value o£ I, II,･･･and
VI., and the "ealculated ual'ue" expresses the value determined by
foymula (5). The value used in the above calculations .is adopted in

the.followingTablelO. '' ･･
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TABi,p] 8. Measured value of resistance by

         the horizontal type carbon pile.
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hm

W gr.

 o
20

50

100

200

500

R,tD

E

 9
3.3-

2.4

1.80

11.41

J.12

O.78

RBD

 .L)
1.75

1.54

l.25

1.02

O.82

O.56

RBc

 .L)
L70

1.48

Z.22

O.96

O.76

O.52

I' wgr.
L

RAp
I

  RBD

I !)l･ i,ooo
IF 2,ooo

   4,seo

   9,OOOl
  20,OOO

i

i

l
I

l

 9
O.6k,

O.35

O.L)1

O.l2

O.07

1

   "(t
O.41

O.29

O.16

O.080

O.045

RBc

   SL
O.3S

O.26

O.i45

O.070

O.041

Diameter 68mm
No. of discs 23

Thiekness 5mm
Weight of eaeh dise 23.5 gr.

     TABI,E 9.

W gr.

 o
20

50

leo

k'OO

I

 2l.70
11 .4S

1.22

O.96

O.76

K

 Sl
1.32

L21

1.0`p'

e.95

O.80

-
l

IV v

e
i

l

･[

 lt,
1.44

J.39

1..19

1.'l.O

O.79

r
L

l
i

 El
1.SO

l.5S

IL3S

1.IS

O.85

1

l
E

F

 I!･
l.SO

le6?t

1.47

'1.S.)1

U.79

W

l

 tl
1.72

rl .55

].`.)6

1.l.7

O.7S

 b#"

Average

 E'd
'l.63

].47

1.29

ll .e9

o.so

 Calcu.
value (5)

 .O-'

l.SO

1,4S

11.2)4

l.05

O.77

rl]A.BIIE 10. ResisCance by horizontal type carbon pile.

･nv

Force

 gr.

 20
 50
 100

 L)OO

 300

 500

.l.,OOO

Resistanee (2)

I

11.0

4,3

2.8

l..4o.

 1.08

 O.72

 O.46

I

8.6

4.4

2.4

1.40

1.05

O.77

O.45

m

O.56

O.36

Foree･

 gg･

i
E

A

2,250

4,250

4,500

9,OOO

l8,OOO

.1.9,OOO

20,OOO

Resistance (2)

I
l
l
I

O.20

O.12'1

O.1'11L

O.067

O.039

O.Ot,6

O,1)O

O,115

O.109

O,060

U.3;)

m

O.285

o.16e

O.075

O.036

O.033

    (5) gummary
(1) In 'the horizontal type earbon pile every element of the earbon
    pile has about an equal resistanee, but in the vertical type 'the

    element at the 'topmost position has a larger resjstance than the
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    bot'tomone. ･ - -'
(2) The upper eleetrode has large effeets on the resistanee in the

(3) The metal eleetrode sueh as copper or brass which easily rusts
    has large contact resistanees.

(4) The contaet resistance wili become smalle-r after shoekings.

(5) The resistance by th,e vertical type earbon pile is ealeulated by the

    formula fJrom the values secured wi'th the-.horizontal type.

    The relation between the eompressive force and the eontraetlon
x. in the vertical type carbon. pile will be calculated from the values

in the horizental type. Similarly to equation (5), we ean obtain

                   x. = pu.! '±...X-n.. + ar'ea (PiABP.)

                          2n mv

          S. Coltstant voltage apparatus with a carbon pile.

    The eonstant volta,ge apparatus with a carbon pile has been adopted

in the train iightinbcr equl/r'm, en(bebgsy. :she&JaiP6?.neSien NFai80insaiGR?.giYI:.g

                        "A'' shuntgenetiator,F'isthefieldwinding

    , ''i -'S,l' gillimaiilmtmlR.s･ . .W,l",h,,gllle.,C.ag,R,gii,,C,iZ,i".,E9.;,ileS6. ',h,e,,

       Fva - isprod,ueedbytheeleetromagnetM,
      ･L         /, whieh is eonneeted to the terminal of
  Fig. IS KStypeautomaticvoltage                              the generator G with the resistance T,,
        regulatdr for the trairi ' in seri.es. If the voltage is small and

        generator. .                              M does not act, then the spring S
compresses CP,
                                                     '    Now,ifthegeneratorspeeds ' ' '
up and the voltage begins to in-･
crease, 'then 'electromagnet M will                                   Source
                                       esact, the compressive £orce decrease                                   Llolt.
and the current following through

F will deerease while the voltage

sWellioinddercet:Snee'etaOnOd'?hWeinegddtyOctuhrem Fig.i6Kstypeautomaticvoitage

rent,fiuxehangeofFhastime regulatorfortrainlighting.

Iag there£ore the voltage of G does no't yet decrease to a £avorable

                 ,

.Q S[) Q'

e,lto,,e,t

IL
Xat{gbIHIHBNIc..P

'

e,bep
Ez

EM
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value ln spite of the resistanee of CP havk.ig a Jffavorable value.

    Af'ter th,e xesistanee oE CP inereases above the favoz'able val.ue,

the vol'tage of G deereases ancl some t.L '!e later the voltage will de-

erease to the value determinec£ by the z'esis'ta).3ce o£ CP and the voltage

will be less 't'h,an 'the favo℃able one. Next, thus d.eereased voltage has

to recover its vaiue cont.rary to 'the £ormer phenomena.
   This is th.e hunt.in.if of th.e earbon pile vol'tage treguiator. [E]o sup-

press thXs the dash po't DP is adopted. Fig. 16 shows the eonneetion

of the l,amp regulator and the appak'atus keeps E,･ eo'nstant in spite
oE Z!]･, being variable. In ojL'Cler to realize this, C.P is eontrolled.by the

e!ec'tromagnet rcM operated with the load voltage E,i, In case of
s}naller Ei, CP will be compressed by th.e spring SP, by means of' 12 1i

and L. lii Il7i inc℃eases, t'hen Il], wil'1 also in.erease and 'the eleetro-
magnet Eua will make the resistance of CP lager, and therefore the
voltage drop in i't will beeome larager, and thus Eg will be kept eon-

stant. As well as in. Fig. 15 a dash pot has to be used to suppress
hunting,

   <D Theory of the operation o£ Mg, 15,

   The foJrees C!]', M and. S in Fis)e. 15 will

be eonverted at the posi'tion o:.F the p}u]iger

i'ndicateclinFig.17. '
   Fig. 18 expla:ms the operation: 'the eup.=vG

Kk shows 'the relation between the force of

S and the displacement x of the plunger. Klo

shows the relation between the £orce of CP
anct x, anct K, shows the reration between

v
{t

s

Et

E

   tOv

/qRIIp} KKeS+ Kp

  pc,x; ntb'xCcllthofasz)

      Fig. 18
Static eharaeteristics o:6 the

c.p. voltage regulator. '

the force of the plunger and

ment. When the
equilibrium, the plunger
standstill.

      "Ki " Kli)-Ke = O '`''"''''''' (7)

    In Fi.cr. 18 xJ is 'tbe plunger position

w}-,en the voltage is E and xi, in case
of E'.

   In fi'ig, 19, if] the inelination of K} is

not la,rger th,ari th,at o£ K} + K., tlts,en there

will be only one in'terseetion, but if the

inelk?.ation of K, is largene, then there will

  Ks ' dem E
    tt      )J
          --tv Ke

            xillMlilll

  pt=..

  Kp
     Fig. 17
 Simplified equivaleht

 voltage regulator.

       its displace-

three forces are in
      will be at a
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s
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 Ks
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   O JCb -tenc,fzaehe
   P"ig. 19 Stability of the static

          charaeCeristics.

    The operating
shown in Fig. 15 are

first quadrant is the same
the curve gives
plungex pull at x =O;

between the resistance and
th.e fourth quadrant 'the
displaeement and the c. p.

    At first, if we -take
plunger displacement x
xarily, sueh as the point A', t

the yesistance of the pile r

be decided, and the
voltage rc and the force of

plunger K will a]so be

As to the £orce oE plutnger,
value at the position x=-::-O

be deeided at first, a,nd

t-he point A is decided by

static characteristies. The

A is on the operating

ristic K2. Repea'ting the

operation we can obtain the
fo.r some other value of
Kg. At one speed ni, the'
x-eoordinate gives the

be given in the ordez' of B,

   charactemstics
     treated

         as
the yelation between

    in the theird quadrant the curves give the relation

        curve
         resl stanee,

          the
        arbit-

          hen
          will

     gene.ratolr

          the
      decided.

          the'

          wiil

         next
          the
         point
     eharaete-- Fig`20IS(!ethodofobtainingthe
                          donamieal chavacteristics.
        above
                                        '           opevati'ng charaeteris'ties KZ, Of course,

         the speed, we have another euMve'for
        mter-seetion B of KE aiid K+K},, of which
     plunger position, "the generatoM' voltage E] will

          C, D and E. Thus the generator voltages

Kunio HAyftsiit -
 be 'two interseetions. In 'this case A is

 stable, and B is unstable. If the voltage

 E rises gradually, then the displaeement

 x will beeome larger and arrive at the
 point x.. Beyond 'this voltage, x wiil be-

 come infinity. Thus in the statie eharac-

 teristies of the plunger the region to the

 night-hand of x. is unstable and the lefO

 hand. region is stable. In general, it is

 favorable that the curves K, and Kk+Ki,
 eoineidei).

' ' oiC the constant voltage appara'tus
 graphically in Fig. 20. In this Fig. the

 in Figure 18. In the seeond quadrant,
        the generator voltage E and the

the generator emf. at several speeds; in

  gives the reiation between the plunger

'Ke(Et,O)xts

yretciec

,n,
g<e---..

ntn;

ISs
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at several

obtainable

fftl

=m"

El,EiEr.cti-H

Fig.

    speeds are obtained and
   F'igs. 21, 22 & 23).

                        '
       n, n2 n3-nxR,m..

                   '
Zl a The voltage-speed eurve.

         3lorcc.
                  fA ･Ke(E2,oj

E

D

 2t'

:;×ll"
ig.i iSiS
i it ill;ffEl

 o

x

/k, f,,,

'(
B

c

the voltage-speed relations ar.e

ee

  v34
32

Z8"

24 zaimJpmrekmppmfudnrmmm..nv
   6oe ro{}o l4oo i80o 2200 26oO
                       R.p,rve

 Fig. Zlb Voltage speed curve of
      ' traingenerator(KStype).

                        di

 Fig. ZZ The minimum $peed nLi at which

       the plunger begins to operate.

   :. The effect o£ the

   As the pull ef 'the eleetromagnet is deeid

through it, even
stant, the pull will

generatoz' voltage

Foxe this reason,

coefficient of resistance

voltage eorresponding

explanation, but

Denoting this curyent

       E]nak = i:r

  iXtu])Sln"t 5teP EIrex Enmt

GH
       x(x)

                                          rmaA'.

                    Fig. Z3 The maximum and the mini-
                          rrlum output voitage.

    resistance of the electromagnet,

                       ed by 'the current Mowing

i£ the terminal voltage of the electromagnet is eon-
   ehange aceording to the resistanee change. The
 will rise in proportion to the res.istanee ine.rease.

we have to use the coil, of whieh the 'temperature
      is negligibly small. In Fig. 19, we used'the

     to the point C for the sake of convenience o£
we had to use the current for the sake of corxectness.

     i., the maximum voltage IC... in the Fig. 15.

, ･･････-･-`-･-･･-･--･-･-･--･-･･-･･--･-･-･･ (8)

Yeree-C
A

hTM-S

l<s+ls(p

)tgtf]
f.tZL.JthStop

Eniitt,O Tniin

r(K)

rm
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where rf is tklie total iresis'eanee o£ t'he eleetscomagiiet.

    xx. Wheory of operation (Fig. 16.)

    [l]he gyaph.ieal solution of the ap'paratus in Fig-v. 16 is given in B'ig.

24, in which the first quadvant gives the ehaTaetexistie of the plunger,

                               the ea,rbon pile and the spring. K,
                              is the force of plungeue and Kk+K,
                              is the res'ultant foxee of the carbon

  . pile and the spming. The seeond
                              quadra,nt gives 'the relation between
                              th.e voltage El, and the plunge]r foyce

                              at x:,L.O. The th.ird quadrant gives
                              the relation betwee'n E,,, and 1+Rlr
                              at tb.6' eo'ns'tant value of sDuvee volt-
  -ff
                              age Ei.
           'i-Y ,i, ZhS'St t,hfethrgS･IS,t.aaie2h,Oi e" po and

                                                 '  Fig.Z･4 Themethodofobta,iningtbe
         dynamic eharacteristjcs･ Zl7,, :=i Zl7il(I A- ltlr) ･i･･''･-･ (9)

The expression. (9) was used in drawing' the eurve.

    The fourth quadrant gives the measu]red crtrves be'tween the re-

sistance of the carbon pti.e and the displaeement o£ plungeve x.- Chans,T,:mg
the seale, the eurves .it (x) represent th.e eurve, 1+Rr; and by us:mg

this meth,od t'he opex"ating ehaz"acteristics were obtained. Th.at is to

say, a't fixst selecting the posiifton of plunger at the arbitraz'y point x,

t"b,en the pile resistance R(x) is deeided thereby, then- the plunger

force G¢ will be obtained in the order yepresented by the do'tted line.
The poi'nt G is on the opera. ting eharaeteristies, whieh will be ob'tained

byrepresentingtheaboveprocess. The

' '----VLlh
---.-----L-T"--t

'

3lorce

Ke

ttiK,'/,/111i,"..-F/"k-'"'eSsemn,rk

D cfllva.

x.
b X,Str'eke

-st-=:-ny<--nv
Ettv

E-V

ffiM"CrTd-;--t-

l'l-Rlr
R R(x)

inclination oJff the opeyating charaeter-

ist.tc is not so steep as 'that o/ff the con--

stant voltage generator in Fig. 15 so

that it is neeessary to minimize the

£rietions of the movizig paz'ts. Aeeord-

ing to the variation of the sou±`ce
voltage Ei the operating chayaeteristie

wili be a dfferent one and the plunger
poSitio'n will be ohrained thez'eby. Fig.

25 is obtained gra,phically from the

ts E2ile
6v

3 2,

  :43

  g2,

e g,ti7"SxlcaEl (s Fyi 25}

x obserq.a`{ (s Ed3.28)'

v== o6 R
      /f

 24 2S

Fig. zS

mhmbmh2es 27 2g 29 30 ev
  5emu- yptdipre gE

Charaeteristics of

lamp regulatoT.
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above descrived drawings. In order to learn the change of the load
voltage ll7,) due to the eharge of the load cu.rren,t at -the constant source

voltge Ei, we have to seleet the eerresponding curve 1+RIT aceording

the load resistance T in the fourth quadrant and then E2 will be
obtained.

   XXX. The hysteresis,

   In the eonstant voltage apparatus 'the eleetromagne't and the earbo'n

pile have the hysteresis pheriomena wh.ieh disturb theoperations. Fig.

21--b (cf. Fig. 15) shows the voltage speed

eurve of the K. S type generator at 780

--2680 r.p.m. The voltage at accelerating

speed is about one volt higher than that

at the loweying speed. Fig. 26 (ef. B"ig,

16) shows 'the hysteresis of the load
voltage E, when the souree voltage Ei
rises iErom 1.6 volts 'to 4o volts and lowers

itself again.･ The hysteresis depends
upon the magnetic hysteresis, greatly:

Next a deseription will be given o[E the

hysteresis phenome'na of the apparatus

showR in the Fig. 16; use vVas made o£
the lamp voltage regulating appa]ratus of

70 A.). The souree voltage E7i was raised

and then lowered to 15.4 volts with the

and Figs. 26, 27 and 28.

g?2

s gz

  /･8

  !6
  /g
  l2

f

if lri

t'

A-3

ttand..triLpm..;"N.--
   2 3 V s 6 7 s g lo l/ Mt72

                    x
Fig. Z7 Relation between the load
      voltage and the djsplaeement
      of plunger (observed).

g
s

e
26Y

24

22

2o
lg

l6

14

'Fig.

Zy

the KS type generator

 from
resuits

 sh
q4o

a 3o

O.2O

'o, /o

Oi OO

  det ApmrvNSmnttnA o
 16 2o 2`P 28 32 36 40V
        xa[mu vaa2ye e

Z6 Re]ations between tbe
   source voltage and the
   load voltage (observed).

               (30 V,
19.2 volts 'eo 40.6 volts

 as'given in Table 11

N'sp'

 if

    23 4- S6 7sg !o lt MM
                       x
Fig. Z8 Relation betweentheresistanee '

      of e.p. for the lamp regulator
      and the displaeement of plunger.
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TABr,E 11.

 El
Source
voltage

  v
19.2

20.7

21.0

22.5

23.7

24.3

26.1

26.8

27.7

28.5

1]9.7

31.1

3L7

32.7

33.6

35.0'

3.7.0

39.7

40.6

39.7

3'8.2')

35.8

32.5

29.6

26,O

23.5

21.`.}

19.5

l7.0

15.4

  Er
 Load
voltage

l   ziE

=Ei-E,i

    x
Contraction:

  v
17,O

1.8.Q

18.7

19.8

20.8

1]il.I.

22.6

23.L)

23.4

fa,4,O

24.4

1)5.4

24.7

24.S

25.3

1)4.5

2)4,9

25.0

25.2

24.0

23.5

2Z.8

21..6

21.7

20.9

Z9.9

18.5

17 3

l5.1.

13.9

1   v
2.15

2.ts)

2.3

2.7

2r･85

3.2

34.5

3.6

4.3

4.5

5.3

5.7

7.0

7.9

S.3

10.5

ll,2.'1

'l.4.7

l5.4

l5.7

14.7

13.0

'10.9

7.9

5.1

3.6

2.7

2.2

'l.9

1.5

I llITm

2,.9

3.1

3.2

3.8

4.1.

4.7

5,O

5.:l

6.2

6.4

7.0

7.3

7.S

8:.}

S.5

 9.`2

9.6

10.4

IQ.6

1.0.6

1,O.6

10.5

11e,2).

9.4

8.2

7.2

6.1

5.0

4.ll

3.4

Load

.z'

current

  A
2S,2

29,3

30.0

32.5

33.7

3.5.0

36.0

36.0

37.5

37.5

38.5

3S.6

39.0

39.U

39.5

39.5

39.5

39.2

39.0

38.0

37.`2

36,2

35.5

35.0

5'3.5

3'l.5

29.5

26.5

24.0

22,O

R
 dE
 ,l'

   It
O.0763

O.0751-

O.0767

O.0831

O.0846

O.0915

e.ogss

O.100

O.115

O.133

O.13S

O.'14S

o.lse

O.202

O.210

O.266

O.306

O.375

O.395

O.4.13

O.395

e.359

O.307

O.226

O.152

O.l14

O.091

O.OS3

O.079

e.o6s

                                              ut･ta
   Analysis o£ the ctata.

   Figs. 29, 30 and 31 are for explaining prineiples; euMves T and II
are the load voltages E., when increasing Ei and l' and Zf' arre Er, when

  deereasing Ei. If there is no hysteresis and the relation between
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Explanation on the hysteresis

effects of the Fig. ?.6.

zap
u

x

7

:
:

l

l
1･g

i
i

:

Fig. Z9

ITl

             x
Fig. 30 Explanationonthehysteresis

      effeets of the Fig. 27.

TABr,'s i2.

Etl li]t

 Vl:sg.7 I
3S.2 i

35.S

:]t?,.s l

2g.6 l

26.o I

".3.s I

   I
21.2, I

]9,s i

17.0

x

  v
`.)5.1.

25.1

L,5.0
   l
24.9 i

   i
L)4.5

22.6
20.6 i

18.9 l'

i7., [

15.1

Rr

      sa llltll

    O.36510.4

    O.339.9

    O.2829.35

S.2 ' O.202

    O.1447.0

5.0 I O.097

  I
4.0 I O.OS5

   O.0783.2

   e.o763.0

   O.0752.9

RT+T
1

  Sl
O.990

O.955

EL)o

eN

RI!

l

o.go2I

O.S27

O.769

O.722

O.710

O.703

O.701

O.700

,,.,V' 1 o.36"{a

25.Q    O.2S2
1)4,S    O.O.24

21.6    O.152

24.1    O.112

22.5    O.083.

20.7    O.074

18.9    O.069

17.4    O.068

l5.2    O.068
E

R/ l- 7,

'

  E!･
O,9S9

O.907

O.84.9

O.777

O.737

O.708

O.699

O.694

O.693

EL)" E.ib

   I
o.6g3I

25.iV. 24.0V'

26.3l 23.s

26.4 22.8

26.1 21.6

25.1. 21.7

23.0 20.9

21.0 19.9

l9.2 18.5

17.6 l7.3

15.3 l5;1
   1:

E7L,a " EL'o

   v
l- O.1

-l-- 1.3

rl" l.6

-l- 1.5

+ l.o

+ O.5

l- O.3

-l- O.3

ui- o.o.

+ O.1

.ERIb-EL),,

   v
- 1.1

- 2.8

- 3.6

- 4.5

- 3.4

- 2.1

- 1.1.

- O.7

- O.3

- O.2

E,,

R

where

Rz

(

and

          7q  EL'o == Ei Rr rl- i''

E, is given bzy l

  ---s:･---- -ij i-:llill

-g-------mp----T-------p')1- i

.,..,,,,,,, i
iit

            i
'･･in----"ny-- ptpt

             x
      Fig. 31
Explanation on the hysteresis
effeebs of the Fig. 28.

         r EL'a == Ei
       RiX "- r

in the Fig. 29,            then one can obtain E. cor-
respondiltg to ll], by means ef the curve in

Fig. 26. Table 12 givessuch values. In the

table x is the plunger displacement obtained

by Fig. 27 by'means of the method repre-

sented in Fig. 30; R, & R} are the resist-

ance of e. p. obtained by Fig. 28 by means

of the method represented in Fig. 31; Rr
is the resistanee when raising the voltage

and Rl is the one when lowering the volt-

age;r is th.e load resistanee. E,o is the
value of Ei, when there is no hysteresis and



372 , KunioHAyAsm
E,,. is the value of E, when the resistance of c. p. has hysteresis. E,,,

is the measured value of )Y...

Then E!.-E,,o ::-T due 'to the hysteresis of ehe pile.

       E!b-EQ. = due to the hysteresi.s of the plunger.

   In this way it is possible to analyse the hysteresis phenomena o£
the apparatus. Table l2 has thus been obtained which explains that
the hysteresis of the plunger operates to reduee E,) and that of the
pile operates to enlarge E, and, the former predominates as the resul't

of it, as .shown in Fig., 26. The apparatus shown in Fig. 16 has an

eleetro,magnet with a yoke, which is the main cause of the hysteresis
in its operation.

                       6e On thLe Design.

   .r, The theory of eonstaney of leL, (-oaa Voltage).

    In order to keep con$taney o£ the load voltage E,,, it is necessary
that favorable relations be kept between the plunger displaeement x
and that of the carbon pile z,

       alE, ;,. -aPtz"azzr,+ aEe . alR . rmelEL' aE, ,....,...,..,.,,..,.. a.)

                           clEe clEi                      oR             oE,

       elEL)1clEi == tl uek,E(,9g]Lte.. , -･-･･･t･･･t･･t････,･･............ (2)

                 .eRaE], ,,

       alR!clE,7 = Sny--2/ cielIEX. ･･･Tt･t･･tt-･,,･..."....w.,........... (3)

o"`heo/te.',Z.9il.g9?.t,i}..cT?.t{.,,s&?.<1?ao, 'K2aj",-muiiSillbof.

                                                        Ke;Ks, x

and.Rislieh[;io1'3eidrZesisiafi,61El'ig'tAego5u)ree ExpianSjogAoiZsymbois.

voltage and ,E, is the output voltage.

   From expression (4) we have

        aO.(Kli+K, -i-K},1m) ,zaili,, --t- -,Oo'EKL.- = o ･e････-=E･t･t･-t･････.-. (6)

                           - .s                                             t tt                                               '



            Carbon

               '
   .e.. clx/clE'L' : a

              ac
Su-bstituting' (3) and

       clE!idE't iJ.3.i-Rg..tti-l･-,iT,･--b---(Ik:-;O-zttti'lf"':igua1'"..oK})

                                 sx                                                sz                                            71Z-
ttoO kiKee?･nPfillil ite91(iliiS"aa.. igite,iTn) aSrP,.ie.tley 9f the ehange of Ei "the <ilenoininator

       -a"(K,+K,)+.tALa-Kl]-,,..o ,.,..,..,,,....,.....,,...-.....

                  7n" az       ac
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       k, =: aKLIDx and fo, =-i-: --oKklox., From (9) we have

       k,=k,--llt-i-as"-Ki-ts--i-- d･･･i･････i･･-･J-･t･････--･･････-･････t･････

                       'Andalsofkrom(9)wehave, '
       X = rvz;-ii'E'='==-Si VIoKl)lazl'CZZ ''-''･･･････････T･･････-i･-･･-r･･

             e S -n
If Ei =T- ffio,x=-O, z=-zo and m=7no; then we lnave from expression

       K,(o,E,,){-･Kk(o){- 1 K},(z,) =e ･･･--･t････-･･･････i･-････････

                     77Zo

       k,==k.mn--1--.-[(OKI,fez)ol ''''"T'''''''''''''''''''''''''''''''`''''

              7nr}

Ii`rom (10)' we have '
                            '
       ?no = (-Ccilli'), = v'k-;.lt/:'i'Jrek- 'vi 'm"(aK)IDz)o ''''''''''''''''''''''''

Equation (11) will be transformect into the £ollowing.. :-

    . X=::V'=-iLi'tt',lo,),',li.･N/-oKi)lb'z''az ････`･･･-1･･････i･･･････

The maximum value o£ x or x,. eoryesporads to the maximum value of
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' --aKlaE,･
- ----------Ll------------1-i(K7' Ki)+ 1ILs- -Q.K2

         m" sz
(7) into (2), we have

             sg?Zaff,
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or z., when R becomes the maximum value R. and

                           .q,

                      ZR

                      .=.:(I/Ill!l. II:lill----bx,sti,b;<,

                         x
                   Fig. 33 One method to determine
                          the eurve of the eam.･

       x., == .,k-1--k7 Si-,Yl'1//'rLlll'15. 1.i",d, ,........,..,,,,.,..,,.,...,....,... (.･£l),,

               es                    reo
and we have
                                                           '       . ...- .. Sl. Uii,lall.i.ili/. Jil,.;.fg.. .....,,,,.,.,,.,..,,,,..i-=･･-･･･--･-･･ ai),,'

              .S'i.li.'V V- oz/l;i) ･,i,

If the relation between x and z whieh is given by the above expres-
sions is maintained by a suitable mechanism, then the output voltage

E,} will be kept eonstant in spite of the change of Ii]i or the source

voltage. of course, it is necessary to minimize the mechanieal iffrietion

and the magnetic hysteresis.

    As to Fig, i5, we have

              me .. LeLEL aln+ aE-. clR .rdE- an

                                      eln                                dE                    en aR
                          aE1en               aE!an ==
                          oE dR                       1- ･
                          sR dE7
              d.R!aiz] -- -:Ri,-- ･ -:-i- ･ -,d&-

where E is the terminal voltage of -the generator

       n; the r. p. m. of the generator. '
       R; the yesistance of the carbon pile.

   As for the balance o£ the foree we have the same expveession as
(4) and the value of axlaE will be the same as (7),



 Carbon Piles fer the Autbmatie Voltage Regurator.

have

                  eE
                  en
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Therefore we
  ･1 ･

        elE
        LEIel-1i+aE.Lmer･.i. oi{!eE .J'
                 aR dz ･M rrllll.l-(Kl,+Krk)+£;L%'l}i2-:}?L .

The above expression is the same as the result obtained by inserting

n and E instead of Ei and EJ., respectively into equation (2)',

    IX ?roeeaure in Desing.

    The proeedure in designing the c'onstant voltage apparatus will

properlybeas'fol}ows:- ''･' ･･ i ･ ･ '
    (1) Assuming the upper and lower limits Qf the souree voltage
E7.,. and Zil.i,, the upper and lower limits of resistance R.a. and R.i.

are decided.

    (2) The dimensions and number o,f discs of carbon are determined

by the maximum eonsumed power and the maximum voltage drop.
    (3) The elongation of pile z,. will be determined by the above two.

    (4) Assuming the plunger stroke to be a suitable value x., we

have the value o£ mo by (11)r. .    (5) Assuming the value of k,, the spring eonstant k, is obtained
by (10)'.

    (6) The stability2' of operation has to be discriminated and if it

is unstable then it is necessary to change the value x. and the kind

of the carbon pile.

   (7) The re}ation between x and z wi}l be obtained by (11)'.
   (8) Klo(z,) is determined by R.i,, and from the expression (12) we

have

                   Kk(o)#- 1 Kb (z,)

                            7no
and
                                                   ,
                   Ki (X7n, EL') + Ki (Xvi) = 0

Thus the forees of the spring and the electromagnet are decided.

                        7. Conclusion.

   The present paper deseribes the measured values of the two im-
portant characteristies namely resistanee and contracti'on affected by
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eompressive £orces.
   As to the temperature rise, experimental and ealculated va}ues
are given, The significance of the vertical type earbon pile was made

elear. The graphical solution of the operating eharacteristics of the
                                                'constantvoltage'apparatuswasdescribed. . '･ ''
                      tt   A procedure for designing such apparatus was proposed from the
point of view of /theoretical consideration.
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