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A Study on Characteristics of the Speed Control of the
Diesel alternator equipped with the Hartnell’s Governor

Jin-Gil, Park
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Abstract

The Hartnell’s centrifugal governor is often used for the speed control of the Diesel
engine of small and medium size because it is simple in structure, of small trouble and
quickly responsive compared with other governor such as hydraulic or pneumatic governor,
but it has an essential defect causing the off-set when load changes.

When the Diesel engine is used as the prime mover of alternator, the off-set is specially
desirable to become small as far as possible since it is directly concerned with the quality
of electric power such as the frequency and voltage of the alternator.
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Though the adjustment of the governor gain has been known theoretically as one of the
most effective methods to solve the above problem, it is difficult to find the papers which
«dealt with the actual experiments of governor gain adjustment.

In this poper, the stability criterion and off-set of the speed control system investigated
and the optimum value of governor gain is calculated theoretically and experimentally, and
‘the results obtained from the above works are reconfirmed through the simulation by means
©f the analogue computer.

FCEREREA

m; e A~ e R R

Xy %5 EWRREAN A T 2352 B
Q. o,; BRRAEIEES Fefde] #bE
£(s), w; THIRREAN A [MEEE LR
ki, ¥ o]v] ~= vl (speeder spring)e]
k5 D19 EE

k; FREEMRS) FI15(gain)

ko RS RUTE

ki Mk (R

by, [EBERAES] F1G

S REPEEEEHR ST

E=c/2vbm ; WEX

c; KhtEEEEIRYURE (GREED

w, =~k [m ; FEEE EH ARSI
w,; HIESRHES B AIREIE

Teeoy To 75 B 222

Ty, T), 75 AW 222

T, 7 EERREANA 2= SMLR

J; EE R mEM =eE

£y HERAS] mEEE

tr; [ETERFS] RRER

a,0;; HERES] BEREE

Yo WEE

— 198 —



Sl R WOBARE 1A vold REMS HEHABL BT Fi (3)

HUNED ol o] A BERRS] B R Stol= X @D HAS] el el FHASR e ol & il
TR REEBFEEE  std il RSl flERe] o, fib FHHBl A MBSt
= MR Y EREREKEES or)d FESS SPEN ol TR 4 By TRIE
Poh ZrobA JEFe] whE Flsiel glvh

adiv, o] FEEEE ByRIEC] AAIAESI R, KB Y] fAstdAs TAE Fetl
fol mrb BoREY] ool EERye = REP WES, = wEsE - BERZST Wb
Aol & KAz d¥A e

Kol MeAfOl A B NEBERE 28 T 3 pIFIEESE HEs o fildel e 18
HEMe BR BES A e A7 B

o] Bl shol= X MOFAARE AMEEC =zt BEEEL AVx o= W HEE
e BEMRS) EEs FpE EEES FEY REg S 2 2B vz W
B o] BBRREE A2 Aol whsbA sk,

29y, ROFEEE WABE KStelAnk MES st 2 BEREZC dE 2ol T
Bstel, ol & WA E Hhoxs HpEo = FMiRe R (gin)e BnAsE Jiikel 7b
A AW Aoz A gdeh aEu, EOREERS B, SR S Bsld s ol
WRBERA Aol PP wol glon, RAEE BB A = BE =A T4 gloen,
oA BEYE BB SERES B v E ARl BEC dstaA e oA oigR
#35 Ael gle A Feh

L RSl A R clol A BARS] HEREE RSt o) & Hgt= IR MILEY,
PRERE T HIEAR ] Bt mlA EReox BT %, KB ColARER HRE

v BRE =dE oM TETIHEEE FURSd FIEHERC REfshe iR
REEE, &k, EEFME B st oA BEfstasl abe),

R BER

2.1 HEAREH HEEF ES/KE
a) FAEEe] (HiEu
2 1ol 4] SEHEARRES] FREEC] EEEEe] BEot Foizietd Febe]l dlel=o] @b ol H
Wska, olel whel 3 5 (spindle)o] mEMNAEZ X x n}-E EILER)S SHA ==, o] Wl
ERHER (DX 2o
ME A CRF B Fy o e eor et DO
(DA A FRz wHEERER fe
— 199 —



(4) 197548 4 B ERBHEKE wXE H108
WAt on Estx, o & b4 #EEES}=

(B)h& A ==t

42,8 [ Ry g o8
2\/k1m m m /b ’\
k 9 !

L N (2 N et

Speeder = Fly

= I il
m . ﬁ—i P Gear
B4 20w, 4 w,2x D '[L._,_ﬁjr:r;:m
:kwnzw ........................... (3) Af l ’ /} L)
i | | Spicle H
(34 ¢ ehEeta(Laplace)@#usisl (X f
s} ozhe FERe EREHE R+ d U from
to Engine
X(s) _ kw?, - ¢
Q@) T+ 2%w,stw, D ls:;!
b) BRI ik a1 §o)=d R ROFAAM] FEE

Bkl EWIRRES M ATE RS AV s SR EHs WESd Fl
1EByotel o M=o dlm(rack)zh ¢4 olAl Hx o =29 #@fiel MEsE WEHREC] B
el

QR el FEAR pREHGE RS BAel EREES T old BAEY el =d ol
o WA A EEHe QA Dok olel FHAe] Bifko=e W mE Aol BEY =)
o] £REL T =% #Ren £y = H#Eshe

oo, EHRERA A o] o] #AISk R e a(F-e BH) Aleld v BIES I A ELlY L
3OMUEBIERAY BRazehel, #8Ele] EEREe AP es —RKFRFKen ¥ 5 gderms ()X

Zrel xlvl,

T(s)__ _[0T./0x]ieo_ _ R
_ e T E T s (5)

(Ghuloll A #RAe) BEEl (e o 20 B xo] EMbzy-e] Alulvie] HRREETje] SRS
el BT ke RMGEES FRstH, ZRE 7S AOES2 #ie = =2
Bhok Rl Velvie Aol ohv m BBIERI wheb BMLrl dolvima 22be] & B A= 1
i, 4abo]l T WRHA A& 2K ¥lol oF el = o] WML xoll MES: SRRFKES] 2MMEET o]
ool =, olH 3 KRS E Y @ed REHelh

¢) [MEEFAEES| {HmEdy

FERE e EE e BER v Nom =7]2] EEEHS] B A Folzichd, ol

BN (6)R=) el vl
]%?14_/@{0,:76_7,:7 ............................................................... 6)

WiHMEME] t=0 ol 4 0=0, 0=0 ¢ = (6)X& =HETstaB#sd (DX BT F

BREE RE F e
— 200 —



sloled X BMOFAMELE 712l dlol A MEH ] BUEHIEHE AT #E (55

Q) 1 = Vk RS e, )
TG — JS+E — J]ks+1 7 fps+1
(L2 tr=J/k;

d) PREREEEE IRl (R B
a) b) o)l A R FEHs, #BE, FERKY EEREE Mo 2Y-29f
Bl GRS ESEEE o4& 4 sl

Treo
L ” E oo’ X, ky ' -5-’ L R ks Qs
L L E T m—— - bt .l
f!" $* 3+ 2lw,s+w,° ty s+l Teesy ¢y s-1
| |
Q(sw l

agl-2 EmESE HERRY =5 RE

#2720 4 F2=(loop)E Folu HFES#HsI BEME, SEL HHER S MEMFEE
Fordhe HBAFRNRE RKetd (BRsh 2o,

ooyt ) () () B (i) T

S IEaI =
2428w, 5+ w,? trs+1 tps+1
EMEFAR BEEMEY S8l FRs %8 5 J|Esle A5 9 dAY —RsA F=
Q60 =02 & F glvh, olul $E EASERL (DX Zeor LEEEE 2Y .33 2
ks
Qe tps+1
e o RS s 9
To  Th (gt ) () (B ) @
24+ 28w,5+w,° trs+1 tes+1
- D
71(’.\)- + T by s9-1 o !
Q‘ELH
\ k, ko

O3 EEbERe] E3RE

k(5" +28w,5 0t + 1)

(si-28w, s, s+ D(tp s-+1) 4w, kb k, |

a4 EEslERe] SEBET L3RE
— 201 —



(6) 1975% 4 B BEVSERE HE 5108

27 -39 ESHES] F+ZE glolx SEEHAT & MR 27 49 2o] =)

#A8 2y 49 BEES RSk dlelAEETS] EEBMERRY RMe Fishid
mlA EE e A& el W B e debel dEh ol E EE FEES ERon:
Hsh/l v R#ste Ze @stdAnt ke o+ gt

2-2. BEEEE SERE RERED REY

Afell = BBORES, EHEAR ¥ MsEAR A B85 dov, BEM] AfE =F
LR e s BERAR 22 o7ldAs 25 BERAR #sld FAEBS FIf5(gain) 49
FiEel REfRSH: BICEY, BEMEZE, Rl T8 Hiimos FEE 2= g

AFILANA = 2oz KFEel RES|] glv 28kw FES) do|AREMRS HBREH
+ JlAsrl 2 shel, EBEES] slehe =gk 2ok

w,=5. 62 rad/sec £=0.45
k,=25.45 N.m/mm k;=1.67 rad/seceN.m
tx=6. 08 seconds t;=0.1 second

9 RERE (el RAst, = BHe Rre 6=0. 1%+ E#RHE] REt: t,=6. 08
teggste] w9 derw fEEsta oA EIsd (10):R3F 2o B BRI B8R
BEHEE RYE F e

Q, 1.67(s?+5.065+31.58)
T, ~ 6085+ 31 7s*+ 19752+ 31. 58(1 +42. 5k)

__OUEES06NI (10
T s845. 2852+ 32. 2s+5. 2(1+42.5k) ceeennn(10)

a) R#H(root locus)
A0l wHBER- (11), (12)K3 o] A},

$3+5, 28s2-1-32. 25 +5. 2(14_42, 5k)=0 ................................................... (11)
8 E>0

BT T PO PP PP IV PPPIRS (12)
iz k=0

(ADse Be3) o] KMAET 4 9o
345, 2852+ 32, 25+ 5. 2(1+42. 5) = (s + 0, ) (s+ 0o+ 0] ) (s+ 0, — o) =0 -+-(13)
0o BIEESEY, ReW S =5 ADXKXY K], & A0OKX #w(pole)zt A= KL
geozz, wA REFMH £ gtal ATt oy, 0 @] T Rl 2 K13 e,

HEd BE At 28kw FES oA RMEMS @EEsel AEEse KR ERE ¢
Ax SEAYTS) BARIED ANT RPEEES FRERE P 99

— 202 —



ShelEolsk EOEMEE b clol A BB I HETRE MR PR

75

*-1 % kol Het R
k g1 (o) ‘ Wy
0.0 0.16 ;
0.05 0.531 2,344 i 5.413
0.10 0.946 2.141 | 4.872
0.44 3.741 0.741 5.128
0. 60 4.586 0.231 5. 421
0.76 5.224 0 5.691
0.85 5.544 0.16 | 5.84 4
1.5 7.210 0.10 ) 6.74 Q A
F.1d] fkete] (1D Rinphe 2ok lvz.
2% -5k o] Hh,
k1 T,
b) g & (transient response) 7 . a0
s kel e (10%e) REFREEAS B joior 83 ool
o HiZpngen 4AsRrle Fv), i r
D k=04 B8 ;i-:
FE A WS ol = Fodie BUFEA gex S
ool wndl BEEGEEAEE-S Ff !
BRERS 71 (1= o] He), ; o
k 5
—J-1 - 3
wn=L [ s(tes+ 1) ] i
. 1.67 . 0.27 N\ 1ok
— 1 T S — 1 M=
=L [5(6.085+1)]“L [s(s+o. 16)] LR
R
o[£ e e SN
=1 67— 1. 67018 eereeeieaean (14) J —

o7 4

J8L5 (IDR B REEF

0.27

L‘ozlg.lg S'Q(S) ZIE.I}) *SLATO*I*G‘ =1.67

¢;=lim (s+0.16)-Q=

§4=0 16
|

0.27



Bhefe sl B ORBUME ZHA Hol A BERe] HrHE el BT B

®-1% kEd st R

k 01 g2 @

0.0 0.16

0.05 0.531 2.344 5.413
0.10 0.946 2.141 4.872
0.44 3.741 0.741 5.128
0.60 4.586 0.231 5.421
0.76 5.224 0 5.691
0.85 5.544 0.16 5.84
1.5 7.210 0.10 6.74

#eldl ket (1o REphe =24

2] -39} zro]l v},
b) HEyEKE & (transient response)

A b ghel gk (10)aRe]  EpAEERERS] B

B4 Himpyes A uslx ghef,
D k=0 558

ATi7L 8ol & Bl BifEslx] om
2 olwle]l el BEREEAEIES AR
FEBORS 7% (1)R=h 2ol e},

0o =L [ S |

=L'1|:w~ 167 -':L,I[ _0.27 :l

s(6.08s+1) | s(s+0.16)

=L 1[ go + 5+O 16] =y cye0 16
=1.67—1.67e 016 .cuinninnnnnnn. (11
o] 7] o} A
cozhms Q(s)—lirrg s 90 716 =1.67
0.27

cl—hm (s+0 16)+Q,y =

s==0. =016
k=0 Q) ol BIHEEEEE (DR ¢ 4 Q= vk 2ol wpk
Fholl whet @Akl 1 Neme] Bify =.e=:9] #Ejo] 5l 45

rad/sec 7} 3-8 & 4 9=t

C7)
L7 *//
V1.0=Fk
L €
0.7 6
F4
-3
¥ jen
=3
=1 ",
B I T
be 1i=80 O3 )&Es»{
: ——— ;
oy P
|
Py
i
*’1’1_-0 H
[
1
(. € 3
—i
\ 1.o=%
AN
.\ |
-3 |
j
-

—1.67

3815 (1R #2 Rk

- SEEBIC) 2, K] KUl
t=ocodl A BRMMAEL co=1.67

ol & [EIERMA A A A wd BAMBGRS BREEe) Q20 A%, HAE BifFslA %

— 203 —



8) 19754 4 ] WEBERS Fsck F106

o e \fieeden Wolel BB Mo R Belx Sx BuRBo L $#s)
=,ools BURSlW 23651 Aol ®m, 1 Neme] Bf7 o= gl FRitel A7 =,
t=cooll A MM WM co=1. 67 rad/secnk ¥ I T ATl EECl Mae TR

= 1 o] 1 ot
Z EolsbE AL ok 4 gk,

k=0. mm.sec./rad

—_— % & sec

8.6 k=0 = BEFEEL
2)  0<k<0.769 55

PR RS k7L Bl A AA AAZSFE KR BE oo A Lflex B
3L RO BLERS] F0] B oo HelA A Bl #Ldiet. o)y kb HATSS HIM
Aol —RBEH, 5 @R B K B8l MOsln HHEHl] RER] ol —KE
He MBSy, F FAuEe BEe AR & 5

0<k<0.76 <L 749 HEFMA  FEBORS) BEBEC Folzlctd ofdle Qv
o (15)5K5) o] H o,

- 0.275(s*+5.06s+31.58) 15
) = 3G T 0 (s ot TG L os =) (15

(I5)R¢ el Fel~ WE#std (16)e =},

. 0. 275(s?+5. 06s+31. 58) . ¢ R ¢y
—J-1 =71 Co 1 G
wo=L"] s<s+al>cs+az+fwo><s+az~;‘wo>} i g er] ]

+L'1[~——62.—:|- A T |
S+o;+ jw, + S+0,—Jjw,
=o€, €M+ (A= Ap)e I 1 (A, + Ay f)et-or+ivt

=Co+¢ e+ 2A4,07°7'C0s wy t —2A, je ' sin w, ¢

=o€ €V 420/ AT A€ COS(@E+0) +vvervnmeeeiiniiiieiieiieeas (16)
{11 6=tan‘1~g—2——

1

— 204 —



shob=dlsk MOFHBE 7Ha Aol A RERS EEHMSEE M P 9>

0.275x31.58
co_hms Q=57 2(1+42.5 &)

. —0.275(o*—5. 060, -+ 31. 58
01=1_}{1;1 (5+0,)-Q(s)= o [(5;2»01)2—7—'11)02] )
c;=lm (s+o,+jw,) Q(s)=A4A,—A4,f

S=03-j0g

&=lim (s+0,—joy) Q)= A+ Ay

S—v-0p4jog
q A _0.275[(20,—0,)(0,* —wy* —5. 060, + 31. 58) + (20, —5. 06) (wy?— 0,2+ 0,02)]
A e 2{w (26— )+ (—wy?+ 0,7 —0,0,)°]

A= 0275. [((wy? =022+ 0,03)(02° — w2 —5. 0607, -+ 31. 58) - wy*(20, —5. 06) (20, — 0 )]
2040 (20, —0 )+ (—wyl +0.7—a,0,)%)

Rpfigo] A vkl fEBUSEEY o 5 WD Skl ol Bl Al EH- HREjSHR] b

2 {RIE-S Ry s BEEste] Be] Hlof d=coollA] FAl W oAA B2 HESke] A

co wkol BEREER @ sleh

(16)5Re] &7 H-&-

Bl k=0.65mm-sec. /rad §l =} (16):K2] @& BlRsEE 23 73 3te)

RR=

rpm

k=0. 65mm~sec/rad

L
S
°
<

38T £=0.659 = @EREER

2y Tl A ok g gk ek el (16):ke] SUAI B0 WIEPLEEAL] BAHESE Jela 1,
whel A, BEmE Co krF Bnshd A Bdshs 28 o vk, = ko A Eele 4
& gl vksh gre] (16)Re] iR BB o> AAT AR MERY oo A7
ohoolE kb AT SS (16):e] EAS e e FEWC Fel Bz AwEe EEEo
2 o] RRFH Aol Fel 3 -& Fokabeh

— 205 —



(105 197548 4 A BBBEXE UL F10H
welA, kb BATSE A B SBEEEESS WS D A Ee] KRBl AAA
RENRERS) EIER Ll o FEESGHE e & T SlEh
3)  k=0.762 s
el Flfge] 0.76 mmesec/rad wiefl & fEARe] BIEM FE L2 BEEA oo s WH
goz BAPEENS Af AR oo BERREEE S (1)K} zhe] =k

o _L_l[ 0.275(s? +5.06s+31. 58)
“= s(s+o (54 Jw,)(s—jw,)

"-:L'l[ C, T ¢’ + _02' N ¢’ :‘

s Usto, | sHjw, | s—jw,
N L TA A B A+ Ay g
— =01t 1| 4L T 2 | el SRLRLL T2
=C,4+C/e*+L [ s ]+L [ e ]
=C,+C, e’*+2A, cos wt —2A4," sin w,t
=Co+Cl, e-uxt+2\/E7§-_l:74'Zﬁ 'COS(O)J—I—&;) .................................... (17)
A 7
— RE = §
e f,=tan A’
o] 7] ¢f] 4]
, —0.275(c,2—5. 060, +31. 58
Ci :}1{?1(34'0'1)'9(5): 022&0'12 +w02)1 2
o' =lim (s+jwy)Q(s)=A,"—A":j
Sa—ju)o
¢’ =lim (s—jwy) -Q(s)=A4,"+4;5
54 j0g
@ A= 0.275(0(wy?—31. 58) —5. 06wy?]
- ! 2w (0% +we?)
A= 0. 275(31. 58 — wy? —5. 0607,
2T 2wo(o* + o)
rpin
k=0.760nm.sec /rad
t sec
0 0.5 1 1.5 2 2.5 3
e N I A i " i
O8.8 k=0.7609 « BEMAXEL

— 206 —



Shob= R MOTHME A2 dol A WEHKS) MTHERkL ML FR

(ADXE RS 283 o] v,
ubsh ol WEAge] fEish

o] o
At @io] Iglems

—'1‘?}'8“]/‘1 ‘g‘ - AT
s, AFie e KEEHe s o IRIES Rl

t=cosl A wipl oW kol £ Yemkal A @

4)  k<0.76d 5538
el A &7k 0.76 mmesec/radn v} F 7 %ol & EHRE A% HER TEY AH 7

feshvh BRI B oot B(H)ol o] EHERe A oA Hoh. Rkl MBIk AL
o EEFEEE e (16)503F o] seh, (1)K e Hfife] st w A

|
et

AR
Fell et AAEL o7k BB(+H)O HHE A e EEY EiE-e B ==l SR
L.m BERSE 2% <09} Ro] wi,E f=ood] 4 BT EEIS AR BkSle] EERAREIRAEE
7} Tl
7 "= S
- ﬁ,
7 ?i
rpm //

—w N
\\
k=1.0mm-sec/rad N /
rpm . N A
i \\\
0 0.3 1 1.5 o 2, 2
i I SO S TR S . | ]
8.9 k=1.09 B ETES
) ZeEM(stability)
HEeEe kel s W3 et

2758 REEE bl BT ENFEEREE S
FREE MEde 272 e

k=004 = FERBIo = #¥ RS
BPEsre]l BAshdl, o W (1] Mk HRe FadA WelAn HHRREL & kst

— 207 —

w 0<k<0.76 @WEMNIA k7L A" HHERA KD R



c1z) 1975% 4 A BEEEAE HXE $108
== iR (dominant root)e] = wh. RF|AR-- AR 2 REIECI - REBRY BBEE vo=0./0,
= E 1A & 5 gl vbsh Ro] koL Ak WSt kBl ow) i o},

e, t=cool A (16):R9] & 3t Al Al 3 =5 Toll Yufksted REikRBe) A= Hak 3o
= ze ZERRR et £=0.76 mm-sec. /rad-& FHFTRESE RAFIF o= BMEE v,=0./w,=0
olelAl RE)L- WEHA ¥u F—iRiEo= Ml REshs BARREA 2o

k>0.7600 A o] iBIEERZE EEBIE-- 29 .99 o] Fksle] TREMREN ol A< EEg
T g A

2 kel AT Keke 2¥ 59 BEERECEE B BEE A el 21 Q)9 RS
0<k<0.76 ol 4 = R#he] ZEfllel]l oA =lo} ZERRgo =), £>0.7660 4 & HiRe Ml &
el Al = RERD BHER-e Al oA Heo] Fmar Rt 2+,

k=0.76-2- REMR BiRe] By Lol oo =o] ERREA A},

d)  BEREX(off-set)

ZEBANA A BEFESE =0 d ol BAS 53, 0<k<0.76 8% k7 E4% REe
Fol Ev}. el EElaB#e] RKMES] wEE RS RiEel e BEME Eea(Fe A
ol #3 BEMREEE (8K 2,

li;me(‘)zlsil? 5+82(s)
—fim 0.275.a-5(s*+5. 06s+31.58)  _ 0.275%31.58-a. as)
smo  S[S°+5.285+32.25+5.2(1+42.5k))  5.2(1+42.5%) *
(18X A BEREE AT =27 adl WAt sl RS Ad RILAIEE. =telbd B
2L (off-set) = k=ood|l 4 Bel] Yegksl=nl EEE= = £>0.76 mm-sec/rad ol A w2 BEPEH
EEEPV < BB 5o BHEl BEEEE FESA Fevh ole (U8R K]
TR FE ke BE &0 Bl A RS sHR A Sl BTl Ao BRI EEst
BRAZEEA] 7] e el Bk, BT ER (1 KW)oll el BSR4 20 % BRskd 29 +105) zbe)

TP .
off-set Load change : 1kw.

rpm : 1,200

20F

15F

J0F

5k
—— e 3102 mresec /rad
. N N .-~ unstable. = S P TSR O
0.2 0.4° 0.6 0.8 1.0 1.2

O--10 FIBHEE HY BEREE
— 208 —



stoted X EOFAERE /M ol AREMS] HEKEEE WY FR (135

3. RBKE 3 BERFHE

BERMRA ¢ ABe] RErIC b dlARERE B 442, 4KH, 1200rpme] ol
A el ™, ®EK: 3¢, 60Hz, 61, 33.8KVA FRe WEHAMAC = MR- EHllx
1200 rpme 2 v o] A ¥RH=} EfEE ] 9lvt,

EHg s BERe Fase] O FERAEM ERBRERS RSt Rilistoleh ol @il
HERS) BEe BRIES —EY A BEECl Liste #eslae, o] HEMe WE
Py FEES REEE A & 5 Ao

N Efﬁoﬂx—]-‘g 12.5voite] ST E (At HMBERS BRERE —dl =

EERS) OB =) vl =e] @y BB AT GUEsh W=e ST EEo s
TSt e, RERS Sy s Suate WohEtE RAstel Hisel A4 Wk

)11 FERel e vl o] A B do] v

it

BT

7% TR A
TR

211 E&Epel) (ARl vlol W BER
gl (AHE R Y Sl WO WARSEE 291290 2o
fe B EHEEL Immes) Ja2gge RS Y skgeded, AR avlt ik
Skwel Al @fEshelvh, K&l AR 297w 2 % 22 A (knife switch) s
fro FHow A So WEEA SRS, AR 2 BEREEE E2AAS) Fo
P2 (51, 5, 8, SOF ML BHMeR Bfedd REG o, fe ML WES
R e BTAA B e

&
@
5
>
Cﬂ

— 209 —



(14) 19754 4 7 BMBIRAEAR H0s 5108

V.M. : Volt meter
A.M.: Amp. meter
W.M.: Watt meter
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— 210 —



Steb =X EOFEME 71 ool A BEES BEHERKME BT B (15
nhel = FRESE) & EEEs)e),

FifGel Hmstw @EkFEMHES 24 veix v BEEEE MHEs So1Es. zed, AF7A
Wihsl el sk RBIER o) HARS = HERSA A 2EHHEY 58 BEE v,=tan 8=
tan 12°~24°71 @Esr Aow gedd JebP, 27 Sl 4 B=12°~24% FEIE kY T
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