2153608 SYSTEM FOR CONTROLLI NG A MOTOR BACKGROUND OF THE | NVENTI ON The
present invention relates to a systemfor controlling a notor and nore
particularly to. inprovenents:in a systemfor* cont g)ils?% é\ge speed of A
el evator which is driven by an AC notor. An appar i ch a high jpeed
el evator is operated by using an induction notor to drive a cage and

. controlling the applied voltage to the notor to provide snooth operation
characteristics is disclosed, for example,1in U S. patent No. 3,866, 097.
The outline of the apparatus will be described with reference to Fig. 1. In
the draw ng, reference synbol SSRESTEN FORrCARTRGLEINGr2cM@IRRe AC power:

~source, nuneral 1 a three-phase induction notor having primary w ndi ngs 1A

- to 1C connected to each phase of the AC power source R-S-T, nunerals 2A to
2C thyristors, nunerals 3A to 3C di odes which are connected in parallel
with the thyristors 2A to 2C, rcBPpeRERGEND O HHE TN ed bet ween the

AC power source phases R ST and th rina mﬁndin ) %? to 1C . of the notor
1, nuneral 3 a center tapﬁga-Pfﬁﬁg?grﬁﬂyeﬂé%?ﬂgr%.i#%#niﬂliMﬁxﬁﬁﬁf §fnect ed
to the AC - S- h i 0ok . .
000 AC pover SUERS1Bo I ok Nen3 RPN 01 406y COSELER IR 1
4B and having aaC§9_E€émt E@rceaﬂﬁféﬁﬂiﬁé tHE PHéERTYE AN B W rator which is

driven by an AC motor.

An apparatus in which a high speed elevator is

U“

operated by using an induction motor to drive a cage and
L controlling the applied voltage to the motor to provide
smooth operation characteristics is disdldéed, for examéle,
in U.S. patent No. 3,866;097. The outline of ‘the apparatus
v will be degcribed with reference to Fig. 1.
| In the drawing, reference symbols R-S5-T represents
a three-phase AC power source, numeral 1 a three-phase
induction motor having primary windings 1A to 1C connected
to each phase of the AC power source R-S-T, numerals'ZA to
/5 2C thyristors, numerals 3A to 3C diodes which are connected
in parallel with the thyristors 2A to 2C, respectively,
iuj -and are connected between the AC power source phases
R-5-T and the primary windings 1A to 1C of the motor 1,
numeral 3 a center tapped transformer having a primary
2¢  winding connecﬁed to the AC power source R-S-T and the
secondary windings connected to an opposite end of the
primary winding 1B of the motor 1 via thyristors 4A and 4B

and having a center tap connected to the primary winding



1C, nuneral 5 a speed detector or tacho generator which is coupled with a

rotor- shaft of the notor 1 for generating a speed signal 5a which is

g tiopal to the rotational speed of the rotor,. nuneral 6 a drive pulley
:1s. 5 driven by the rotor of the nmotor 1, numeral 7 a main rope which
nOund on the pulleys 6, nuneral 8 and 9 a cage and a counter weight
connected to the opposite ends of the main rope 7, nuneral 10 a speed
command generating circuit, numeral 11 anzoperational anplifier which
anplifies the 10 difference between the speed conmand signal 10a and the
speed signal 135 anwshexpdr & @s speed desectomt Pyl techougenezagprighiah
accordance wth the difference. The trigger control circuits 12 and 13 are

adapted to tHiggFORies Mt Re rokpri SPGEE 9K theomoiRY iafoypgenerating
tively. Wen th 1] t ed i.s d th i
Gocbtor at od’ AuSHAFS: S363R0n Baratacht LooEFEPPEH LaRGY: C2 RERVGOEBRRSR2he
d signal : Th
speed Signa as%efaﬁégﬁ%fg&%%%r mﬁ%r%&essgegglggggpggsggwfchofs €

oper at i onal provi-des —an out pu conttol circyjt

13 so 20 Fhatg e iy lplor A:é‘%p%@d_tég fb2ok! 190RtmERAl ! 9! beflaifiCEgpdi NOl Y.

si nce thé?thyrrstprs‘4A and - rovide a center tapped single phase ful

wave rectifyiyiicH liGUound &nf @kl pulnels &lonamkPaoughahfespai 8BEY ang

wi ndings I B, 1C of the notor 1 in a direction designated by an arrow X. The

motor 1 25 @ @duifera weiighithgohaegitedc apr eapobgpogite thads oeqthéeflain
rope 7, numeral 10 a speed command generating circuit, |

numeral 11 an operational amplifier which amplifies the

i0 difference between the speed command signal 10a and the (-

speed signal 5a and operates a trigger control ciréuit 12
or 13 in accordance with the difference. The trigger control
. circuits 12 and 13 are adapted to trigger-control the

thyristors 2A to 2C and 4A, 4B, respectively.

is When the motor 1 is operated as is done when the
cage 8 is decelerated during a descent mode of operation -
under a heavy load, the speed signal 5a becomes greater
than the speed command value l0a. The operational amplifier
11 provides an output to the trigger control circuit 13 so

2C that the thyristors 4A and 4B are trigger controlled.
Accordingly, since the thyristors 4A and 4B progiée a center
tapped single phase fuLl wave rectifying circuit, a direct
current flows through the primary windings 1B, 1C of the
motor 1 in a direction designated by an arrow X. The motor 1

7S5 provides a braking forque corresponding to that required

by the load so that the cage 8 is smoothly decelerated.

§



by the load so that the cage 8 is snoothly decel erat ed. On the ot her
hand, demands for saving energy have recently increased. One of the

provi sions:. for vealizing the saving of energy is to. decrease the output
the notor by decreasing the speed of the cage 8 when a snaller nunber
passengers use the elevator. However in order to reduce the speed at a
power running by neans of a control as shown in Fig. 1, the voltage is

| owered to increase the slip in the notor. ¥n order to | ower the speed at

braking, only direct current should be |ncreased. Jhis nakes the efficiency
at a | ow speed operati oiPvERS %H@%?slé‘?né'r e‘??‘fb‘g? g%r rSREE | §PERE VS so

t hat 'saving in_ene Ls _not acconplished .even |f. t_ of. .t potor 1
. i s decreased SﬁcFB&g% h%cf%%s%%ée .n%@lf/AW @r%{]ﬁﬁ%ﬁﬁﬁlﬁ%%%
obj ect of the e L nyent i 0; Proyi t | qoqEs the
af ore-nent i onggép%gl{%?rsgﬁl %h%g%nlé%h%\r/ %%%%f%%%g\rﬁi nvention to
provide a sySheEbf.—OB%C@eéf@éHﬁ@, the spesdl of e A avalmidn i) spigkkran

. alternating current having a variabl e voltage 20 and vari abl e frequency

whi k=i s Fonveahbdr byt apassaedets i ss@phé eslldva eor | ndimidvisr Nt @rderd t he

speed command value is |owered at an energy saving running comrmand and the

out put frequencyrefilutbethavereed ats a qpewer smning bhaenegreed bfa tdantrol
as shown in Fig. 1, the voltage is lowered to increase the
slip in the motor. In order to lower the speed'at braking,
only direct current should be increased.  This makes the

‘ iC efficiency at a low speed operation very adverse. The input

is reversely increased so that saving in energy is not

accomplished even if the output of the motor 1 is decreased

by lowering the speed.

SUMMARY OF THE INVENTION
is It is an object of the present inventioﬁ to provide
a system which overcomes the afore-mentioned probléms.
It is another object of the present invention to
provide a system for controlling the speéd of an AC elevator
"} in which an alternating current having a variable voltage
2C and variable frequency which is converted by an inveter is
applied to an induction motor and the speed command value is
lowered at an energy saving running command and the output
frequency of the inverter is lowered so that the speed of the
cage is decreased to make it possible to cafry out an.energy

B  saving operation.



cage is decreased to make it possible to carry out an energy 25 éaving

operation.

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a di agram show ng

t he.arrangement of a conventional speed control systemfor an AC el evator;
Figff &N s circuit diagram showi ng an enbodiment of. 5 the speed control
syst for an AC el evator of the present invention; Figs. 3 to 5 are
circurt diagrans showi ng an phase control circuit of Fig. 2; Fig. 6 is a
circuit diagram showing a gate circuit 10 # of Fig. 2; Fig. 7 is a

circuit diagramshowi ng a gate circuit of Fi

is a block diagram

%. 2. Fig. 8
showi ng a base drive circuittGE BEFCRIPTECY. OF F?EaDg#WEﬁpﬁ di agr am showi ng

“a triangul ar wave generator

f. Fi.g Fig.

o] 138, 10.1s a viem/illustr%ti g_the
operation of the gener ﬁ@?_&flﬁia.déﬁgﬁfg.s?fwﬁgga Bﬁoéﬁran§W§ﬁ1sﬂgmfng a
vector contrql, {y5iAam ﬁgg'e%de%nt%blF%g§tg ZE?gda%iAér81ngE8kE di agrans

showi ng a speed comman

5
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erating circu
Fig. 2 is circuit diagram showing an embodiment of.

the speed contrcl svstem for an AC elevator of the present v
invention;

Figs. 3 to 5 are circuit diagrams showing a# phase
control circuit of Fig. 2;

Fig. 6 is a circuit diagraﬁ showing a gate circuit

of Fig. 2; ;;;
Fig. 7 is a circuit diagram showing a gate circuit'
of Fig. 2; |
Fig. 8 is a block diagram showing a base drive circuit
of Fig. 2;
Fig. 9 is a circuit diagram showing a triangular
iave generator cf Fig. 8;
Fig. 10 is a view illustrating the operation of the
generator of Fig. 8; |
Fig. 11 is a block diagram showing a vector control ..
system used in Fig. 2; ~
Figs. 12 and 13 are circuit diagrams showing a
speed command generating circuit of Fig. 1l1;
Fig. 14 is a view illustrating the operation of
Figs. 12 and 13;

Fig. 15 is a block diagram showing a three-phase to

two-phase coordinate convertor of Fig. 1l1;



Fig. 14 is a viewillustrating the operation of Figs. 12 and 13; 25

Fig. 15 is a block diagramshow ng a three-phase to two-phase coordin
convertor -of Fi:g. 11; Fig. 16 is a block diagram show ng the two-p

to three-phase convertor of Fig. 11; Fig. 17 is a ¢ircuit diagram show ng a
coefficient multiplving circuit of Fig. 11; Fig. 18 is a block diagram
showi ng a function generator of Fig. 11; Fig. 19 is a circuit diagram
showi ng an excitation command circuit of Fig. 11; Fig. 20 shows an

inverting anplifier; I1C A Fig. 21 _shows non-inverting anplifier;
Fig.. 22 shows a non-i nvB+9i nbsa%‘\i)I?flPJg?c’quI’P‘%rar“? rﬁf{%nq:ufgl 2%'%5 SRRRS Sk

adders; Fig a subtractor 2 hows an integrator; Fig. 26
shows a del aygaﬁﬂeaé\giﬁ%em‘fe T’?]Eu?{]?q’lﬂ 21ﬁ27 to 29 show conmparators; and

Figs. 30 and 31 are vi eMs,, € g{% Qgc]t_p otpeaiaat d#{ ‘ﬂ]gl %g;or&lfltdlré%tand
an energy saving runnlng es opera 1'ons, spec f?
-Anermbodi ment o, De Y91 ¢ ind h@;Pé@f@’Ef'ﬂ’ge.mif’P 'S
o 5 Fig. 18 is a block diagram showing a function
generator of Fig. 11;
Fig. 19 is a circuit diagram showing an excitation

command circuit of Fig. 1l1;

Fig. 20 shows an inverting amplifier;

kJ (U Fig. 21 shows a non-ihverting amplifier;
Fig. 22 shows a non-inverting amplifier with a limitor:
Fig. 23 shows an adders;
Fig. 24 shows a subtractor;
Fig. 25 shows. an integrator;
/5 Fig. 26 shows a delay and advancement circuit;
Figs. 27 to 29 show comparators; and
) Figs. 30 and 31 are views explaining the operation
during a normal time and an energy saving running modes of
operations, respectively;
o 0 An embodiment in which the present invention is

applied to the vector control of an induction motor will bé
described herebelow with reference to Figs. 2 to 31.
Reférring now to Fig. 2, there is shown a regenerative
braking converter 16 which is connected to an alternating
L; power source R-S5-T and'includes thyristors 16A to 16F to provide

a full wave rectifying circuit. A power running converter



applied to the vector control of an induction notor will be described

below With reference to Figs. 2 to 31. Referring nowto Fig. 2, there
N a regenerative braking converter 16 which is connected to an
NNAt i ng 25 power source RS- T and includes thyristors 16A to 16F to
provide a full wave rectifying circuit. A power running converter 17 is
connected to the alternative power source R-S-T and the DC side of the
regenerative braking convertor 16 and inclydes thyristors 17A to 17F to
provi de a three-phase full wave rectifying circuit. A snoothing capacitor
18 is 5 connggt ¢d tendbbeel €4 ERB! a PHEPHA 8idd BpaRer 1dburde RS PAVELg
running convertor 17. A voltage detector 19 including a resistor which is
connect ed acr @ag blbiesideobbi tHecapgenépitive Dhekiied e€d¥edfoPass ahdut put
19a connected to a phase control circuit 25. An invertor 20 is connected to
the 10 directincindest thutpateré&7h7anto 1YPF abd providesa sthréds-aptsdsd afwl 20A
to 20F and six diodes 20a to 20f. The di odes 20a-20f are connected across
t he transi st oWgveoregbifying cinagitiord Q@¢PQ@¢n@f@amﬁﬂiﬁnﬁeiﬁiisseriei?
pairs across the direct current outputs 17a and 17b. An_adder 21 (refer To
Fig. 22) i%s 15°NRESHPEdEPoCATBCE EBRERARt OWEPYES st thaand ol Tk tof the power
synchroni zati gn_anqul ar_vel oci ty_.sigpal 88a which wll descrj bed
her ebel ow. Anrgﬁﬁf"ﬁ?i g?n§§r€%F9¥722)£vW?ﬁt%g?i *f%‘.\thl?% g%aﬁp‘f%]d“ild’gar?pl ify

the out put Ofréggs@gge&hgéhafg égﬁﬁgé%§§ égrgggigﬁg]smoothing capacitor 18.

The detector 19 has an output 19a connected to a phase

control circuit 25. An invertor 20 is connected to the .
direct current outputs l7a and 17b and includes six transistoégj
20A to 20F and six diodes 20a to 20f. The diodes 20a-20f are
connected across the transistors 20A-20F. The transistors
20A-20F are connected in series pairs across the direct current
outputs 17a and 17b. An adder 21 (refer ﬁo Fig. 22) is
15 adapteé to add a constant value signal 22 with a synchronization
angular velocity signal 88a which will be described herebelow.
An amplifier 23 (Fig. 22) with a limiter is adapted to
amplify the output of the édder 21 and saturates at a given
value. A relay contact 24a for commanding an energy saving
2V running is connected in series with the amplifier 23 and is
closed when the energy saving running is commanded. A relay
contact 24b for comménding a low energy running is connected
" in series with the adder 21 and is opened when the energy
saving running is commanded. Reference numeral 24x represents
z;' a voltage command signal which is outputed from the contacts

24aand 24b. The phase control circuit 25 (Figs. 3 to 5) is

&

-~



value. A relay contact 24a for conmandi ng an energy saving 20 running is
connected in series with the anplifier 23 and is closed when the energy,,
saving running'is conmanded. A relay contact 24b.for commandi ng a,Iomlgﬁggga
energy running is connected in series with the adder 21 and is opened v

the energy saving running is commanded. Reference nuneral 24x represents 25
a vol tage command signal which is outputed fromthe contacts 24a and 24b.
The phase control circuit 25 (Figs..3 to 5)7is 1 adapted to open a gate
circuit 26 (Fig. 7) and a gate circuit 27 (Fig. 6) depending on the

rel ati on bet westapted doplopendesgefet heérgulitagé (Biagund) sagthad @allke and t he
output of the voltage detector 19a. Tim ng signals 26a to 26f fromthe gate
circuit 26 arecimgiited@’t dFie §it srendineg eRyERStHRiatEAnthetwERRfehe i ni ng

signals 27a to 27f fromthe gate iircuit 27 are apg%ieg to the gates of the
thyristors 17R%R}ifpdespofatbeqvPeagecFPERRRI2819RRY. 48 R AR OH B Har y

-vol | 8 8 d ' b . 10 Y ' s 28
{0 207 to the HatBs SPYIRGS PRRECEDE: 5508 EERS0R SHERRER TRAIYS Hurse

wi dt' modulat i R bRl 504G RO zeuagatzg_péglfag?tg%’g%é NGALLES,E e

invertor 26 and t rrving circul : ( ows the
arrangenent ofeHha fease 152 t60N6FORNE! ESHihg29igna s Ba & IPf SFAifSthe gate

nuneral s 31, 32
circuit 27 are applied to the gates of the thyristors 1l7A
to 17F. A base driving circuit 28 (Fig. 8) receives
primary voltage command values 98a to 98c and provides base
L, ju driving signals 28a to 28f to the bases of the transistors
20A to 20F, respeétively. A pulse widthgmodulating inverter
.29 having outputs 2%9a to 29c includes the invertor 20 and
the base driving circuit 28.
Figs. 3 to 5 shows the arrangement of the phase
1 control circuit 25. In Fig. 3, reference numerals 31, 32
~and 33 represent an inverting amplifier (Fic. 20} having
a gain of -1, non-inverting normal amplifier (Fig. 21) and
an operational amplifier having an output 33a, respectively.
A comparator 34 (Fig 27) provides a "H" output 34a when
{\J 20  the input reaches a predetermined positive value. A comparator
35 (Fig. 28) provides a "H" output 35a when the input reaches

- a predetermined minus value: References numerals Ry, to R,

represent resistors.



and 33-represent an inverting amplifier (Fig. 20) having a gain of -1,

- hon-inverting normal anplifier (Fig.. 21) and an operational anplifier

hav an -out put 33a, respectively. A conparator 34 (Fig 27) provides a "H'
out @‘a%a when 20 the input reaches a predeterm ned positive value. A
conmparator 35 (Fig. 28) provides a "H' output 35a when the input reaches a
predeterm ned m nus val ue: References nunerals [err] to [err] represent
resistors. When the output of the volta®e detector 19a is | ower than the
synchroni zati on angul ar velocity signal 24x, that is, the potential of the

snoot hi ng capaci tor 18 WhehoOults dineput hef vicd agel tareraiutasdie,19ahd sadde@r
value is mnus. However the added value is inverted by the operational
anplifier 33 tbaprbhedeyschosnizatioutangul3sa. velsruitiyi rgignalhedout piniat34s,
of the conparator 34 is "H' and the output 35a of the conparator 35 is "L".
In the contrafFhecaetential ¢£, thhesmadithing gnpagiter tife idememdghan

capacitor 18 is higher /0 than the voltage co nd val ue, the added val ue .
i s rendered -p&?t?ggtﬁ\%?l%c’w uY?J]tHeGS%‘%fa RIS i IGh ALl i fi er

K
[ lve. ' . h . [
" and the ofPRerSSsanraidet Sabid At B Y S GRSk "ana 35
are used 10 egahlecellnes Q0GAlyIdE YR LU IRELRFANALOT AR 1S

regenerative vertor
the output 34a of the comparator 34 is "H" and the output 35a

of the comparator 35 is "L". 1In the contrary case, that is,
when the potential of the smoothing capacitor 18 is higher
/U than the voltage command value, the added value is rendered o
positive while the output 33a of the operationél amplifier
33 is rendered negative. Accordingly the outpﬁt 34a of the
comparator 34 is "L" and the output 35a of the comparator
35 is "H". The outputs 34a and 35a are used to enable eithe£
{% one of the power running convertor 17 and the regenerative
convertor 16.
Referring now to Fig. 4, reference numerals 36,

37, 38 and 39 represent an inverting amplifier (Fig. 20)

having a gain of -1, switch elements (for example HA201 -
20 manufactured by HARRIS Co., Ltd.) which are rendered conductivggf
when the input A is "H" and an operational amplifier having
an output 3%a. Reference numeréls R5 to R8 represent resistors

and Cl a capacitor.



Referring now to Fig. 4, reference nunerals 36, 37, 38 and 39 represent an
inverting anplifier (Fig. 20) having a gain of -1, switch elements (for .
~ exanpl e HA201 20 manufactured by HARRIS Co., Ltd.) which are rendered A\
conductive when the input Ais "H and an operational anplifier havin
- output 39a. Reference nunerals R5 to R8 represent resistors and Cl a

capaci tor. When the signal 34a is "H', %re signal 33a is inverted and
passed through a switching elenent 37. Wefthe signal 35a is "H' the
signal 33a is directly passed through the switching el enent 38.

Conpensation for the gaiyheh amé RRaRR10B4ahege “amgnghe k$gaalr3gd 9yt by
the operational anplifier 39, resistors [err] to [err] ang t he capacitor

Cl. Referring hormeditedighd passeliertiroaghuacsatiscAingddleddnand744 represent
“atransformer, a rectifying circuit connected to a secondary w nding of the
transforner 4hen lthe Zdnpraldiddde isoriBidcttbe asdgosd CGRe DE dirpotiyopashed
srectifying circuit 42 and a capacitor, respectively. Reference nuneral 45
desi gnates an t?mqnqﬁrﬁf%nﬁﬂunCMQng(ﬁﬂgmezg)3ﬁaV|ﬁgmaegaaﬁlgn for hbeegaisn
46 amd 47 Qperatlonal anplifiers, nunerals 48 and 49 diodes for lim¢ting
the negati%e a1 RpEss Ffertthiese 510084548 §§rFF§ﬁsP§FoP¥ kaei A BeEBFFEE?Br

. outputs 50a and I es ivel.y, rals 1 reS|st
sem conduct or ?ﬂgslrlﬁ %?\/%Fessd‘&r%’gs dt°V a’lt:%?ecﬁgﬁgf‘ %u?me
Referring now to Fig. 5, reference numerals 41, 42,
43 and 44 represent a transformer, a fectifyinq circuit
connected to a secondary winding of the transformer 41, a
W .} Zener diode connected across the DC outputs of the rectifying
circuit 42 and a capacitor, respectivelj. Reference numeral 45
designates an inverting amplifier (Fig. 20) having a gain of
-1, numerals 46 and 47 operational amplifiers, numerals 48
and 49 diodes for limiting the negative voltage,.numerals
/¢ 50 and 51 transistors having collector outputs 50a and 5la
respectively, numerals Rig to Ryy resistors, +V a semiconductor
positive power source, and -V a negativé power source.
The phase control circuit 25 of Fig. 2 is provided with
three circuits shown in Fig. 5 for R to T phases respectively.
20 A circuit comprising the transformer 41, rectifying
circuit 42, Zener diode 43, capacitor 44 and resistors Rlo
and'Rll generates a power source synchronization voltage for
controlling the firing anglé of the thyristors 16A to 16F,
17A to 17F of Fig. 2. For example, by applying a line
Lf' voltage of R and T phases on the transformer 41, a

synchronization voltage for controlling the firing angle of



shown in Fig. 5 for Rto T phases respectively. 20 A circuit

C nprrg the transformer 41, rectifying circuit 42, Zener diode 43,
cap.qufr 44 and resistors [err] and Rl1 generates a power source
synC\i!hization voltage for controlling the firing angle of the thyristors
16A to 16F, 17A to 17F of Fig. 2. For exa e, by applying a |line voltage

of R and T phases on the transformer 41, #&{bsynchroni zation voltage for
controlling the firi

ng angl e of 10_the, R phase thyristors 16A, 16D, 17A
o0 17D 1y bERSHRoPREES RPETLSEOR® i Hihy 190 anoih A%l Th e S obEARned -by
the rectifying ciycuit, 42..Zeper_diode 43 and the capacit.or. 44 nd is fed
to.the operat goﬁ‘é sﬁ%ﬁ'?}]@(sgﬁ%‘aﬁ%‘ﬁfﬁ H ffaagreef]esr £ ﬁqﬁie%y $ffce the
vol t ages whic b aseds CihéCuUpL.1lNC | t] . Li fier
46, resi storsgﬁé%gg%ﬁi?lglg% E% %\éebg%%ﬂl/éepp%%&%o%%ép R@' egr#f%ra@é'lt?’gi‘;t‘l'
i ncluding theaggeiat fgdato afRe | dp&Fatilond A OIS 2 ANGAdl 3 ARG he
~ positive power source +V are applied 10 to the operational amplifiers {9
-and 47, cgnpareferénbevialué espeihce ety Stel esges anteldmramd biAeea dyngl Y,

when the positive signal 39a exceeds a predeterm ned val ue of the

abovenent i oned ¢ciremitl dmclodingethe hepexapinnal anpel iofiesmtdéonalesdgtorfsi er

46 is rendered "H'. While the out put
R12 and Rl3 and a negative power source -V and a circuit

TEe phase control circuit 25 of Fig. 2 is provided with three circuits

including the operational amplifier 47, resistors
Ry and R15 and the positive poweﬁ éource +V.are applied
(0 to the operational amplifiers 46 and 47, comparators having ‘;;
respecfive hysteresis are formed. Accordingly, when the
positive signal'39a egceeds a predetermined value of the
abovementioned triangular voltage, the output of the
operational amplifier 46 is rendered "H". While the output
/S of this operational amplifier 47 is "L". On the contrary,
when the negative signal 39a exceeds a predetérmined value
of the triangular voltage, the output of the operational
amplifier 47 is "H", while the output of the operational
amplifier 46 is "L". When the output of the operational
L0 amplifier 46 is rendered "H" the transistor 50 is rendered
conductive and the output 50a is rendered zero voits.
On the other hand, since the transiétor 51 is not conductive,
the output 5la is positive.
Referring now to Figs. 6 and 7, reference numerals
25 53 to 60 represent diodes, numerals 61 to 64 pulse transformers,

numerals 65 to 68 capacitors, numerals 69 to 72 transistors,



15 of this operational anplifier 47 is "L". On the contrary, when theg
negative signal 39a exceeds a predeternined value of the triangular .

vol tage, the output of the operational amplifier 4% is "H', while theél :
out put of the operational anplifier 46 is "L". Wen the output of the™
operational 20 anplifier 46 is rendered "H' the transistor 50 is rendered
conductive and the output 50a is renderezizero volts. On the other hand,
since the transistor 51 is not conductivé, the output 5la is positive.
Referring now tqQ Figs. .6 and 7, reference nuneral g 25 53 tq 60 represent

di odes, numer &€ B&‘g?ﬁa%ﬂ Red s"'e°t$;ans‘?%ﬁ‘n%‘?%‘:snur?§"realf'§'9@3 o 388 ?aﬁg‘&w or s,
nunerals 69 tQ 72 _trapsisto and, nungral s. R22 to 1 resistor.s,, The
e, (6 and 73sFORFALE: Fati P59 PRATE BnackiR SRS At SHeor (RS T RRRSES
phases are fo de) 5 ngr_ sl ; n the
signal 34a i SEEET' ,fb?ﬂg?”?lg,gtlﬁgeﬁ'g& a%%ré%\ét??o %%ﬂgintg%?%leﬁg\%%ﬁaci tor 18
‘i's lower than the vol t agges ormEaNg: ¥ Le3dAti 4 heyPOwWela ¢ YN RGel i Me), the
transistors 69 and 70 are rendered conductive and a positive voltage is
appled t § onpoeBAt 0l 0PI tH&r $md el iy cfpddictquulise ily arsiedr MRsn @8eand
‘61. Since a current flows through 10 the primary wi nding of the pul se
“transforner 6¥odhdgéheocmhad® vBluwdelat hehe rmoweEstommimgutine)g kheones a

- zero voltage, a pulse voltage is generated in the secondary
' transistors 69 and 70 are rendered conductive and a positive

voltage is applied to one end of a primary winding of the
pulse transformers 60 and 61. Since a current flows through
Ic ‘the primary winding of the pulse transformer 61 and the
diode 53 when the transiétcr output 50a becomes a zero
voltage, a pulse voltage is generated in the secondary
winding so that the.thyristor 17A is rendered conductive.
Since the transistor output 5la has a positive voltage at
{> this time, an electric currept’does not flow through the
primary winding of the pulse transformer 61 and a pulss
voltage is not generated in thelsecondary winding so that
the thyristor 17D is not turned conductive. In such a
manner the power running convertor 17 functions to raise
"t Ll the potential of the smoothing capacitor 19. When the signal
35a is "H", the pulse transformer 63 or 64 is operative by
the outputs 50a and 5la of the transistors so that the
thyristor 16A or 16D is turned conductive. In such a manner,
the power running convertor 16 is operated to lower the

1§ potential of the smoothing capacitor 18.



wi nding so t

hat the thyristor 17A is rendered conductive. Since the

transistor output 5la has a positive voltage at 15 this time, an electric

not flow through the primary wi nding of the pul se transfornmner

curr-e_.o‘es /
61 anaqg_pulse voltage is not generated in the secondary w nding so that
the thyfistor 17D is not turned conducti ve.

runni ng conv
capacitor 19
operative by

_ In such a manner the power
ertor 17 functions to raise %2 t he potential of the snoothing
. When the signal 35a is "H'/#the pulse transforner 63 or 64 is

th t . 50 d f '
thyristor 16A ore %Dp;]ts}s’t?ﬁﬁe%n%‘ﬁé%c% te&%etr\ra%zcinsqge?{%rﬁ\%r% Q?’Leetbl|c%%\ﬁlar
runni hg Conveé}:gg#‘gs%f%&gﬁéa%@g t]?n'lﬁ:.e I ¢ e For S Hindlr0f 7i4he smoot hing

capacitor 18.

circuit 28.

generator (Fig.

show t arrangenment of the base driving

IPeEJé?seﬁté efege @H‘Fr@évgﬁémwt@i&\; 1rd)angislcl wave
whi ch generates triangul ar waves having a given

frequency suffbaépatéy i fhefulidpwdved dvide AGipawerfremuersy nunmeral s
75A to 75C deSignate conparators (Fig. 29) which conpare an input [err]:}
with an input shefitiantlgehbgia¢estian "thaouwpHuthedish gdwed maurdesrr] the
out put A2 and generates and "L" output when the input A < the output
[err], numer ahsmepal$eAShotgoto@degignate RrnprREAterst (Fifgt &Y, Wkd al s
76AA to 76AC NOT gates, nuneral 76AD a resistozg qggfral 76AE

10

20

compare an input Al with an input generates an

"H" output when the input A; 2 the output A, and genefates

and "L" output when the input Al < the output A,, numerals

76A to 76C designate two-phase distributors, numerals 76AA \)
to 76AC NOT gates, numeral 76AD a resistor, numeral 76AE

a capacitor, numerals 76AF and 76AG AND gates. Since the
comparator 75A compares the primary voltage command value 98a
with the triangular wave 74a and generates an "H" signal,

the former is euq;l to or greater than the later, the

comparator 75A provides an output 75Aa having a wave form

as shown in Fig. 10. The cutput 28a of the AND gate 76AF

is "H" and the output 284 of the AND gate 76AG is "L" by the
operatiomof the NOT gate 76AA to 76AC when the output 735Aa N
is "H". When the output 753aa is "L", the output 28a of the N
AND gate 76AF is "L" and the output of the AND gate 76AG is
"H", that is, the transistors 20A and 20d of the inverter 20
are alternatively turned on. The operation of the two-phase
dividers 76B and 76c is similar to that of the inverter 20.

The transistors 20B and 20F are alternatively turned on by

the outputs 28b and 28e. The transistors 20C and 20F are

?

-



a capacitor, nunerals 76AF and 76AG AND gates. Since the conparator 75A
conpares the primry voltage command val ue 98a with the triangul ar wagy4a
and generates an "H' signal, 15 the former is eugal to or greater thgn:the
| at er., the conparator®75A provides an output 75Aa having a wave form as
shown in Fig. 10. The output 28a of the AND gate 76AF is "H' and the output
28d of the AND gate 76AGis "L" by the operation of the NOT gate 76AA to
76AC when the output 75Aa 20 is "H'. Wen the output 75Aa is "L", the
out put 28a of the AND gate 76AF is "L" and the output of the AND gate 76AG
is "H', that idterhativedyi stoned20n hndtR€dowvtpute 25Veandkr28R. are
alternatively turned on. The operation of the two-phase dividers 76B and
76c is sinlafn §uchat BRDPAS.| AvEPlErgewhich W a reinrusaisial 2a@Yeand 20F

are alternatively gurned on bg the,outpﬂts 28b and_28e. The transistors 20C
and 20F are 2ang| W8iRH: PR8I HBBr FEH2BFUEIT TRV L2 Bt ThpemEed n such

.a manner, a v&lt%gg mgich was_a singfoidal wave and whi ch has been
triqngular-wa 2 FBFuFAPSETIS EBB?Fe fo the electric motor 11. In Fig. 9,
reference pureral 74A reRresents apesbiehoa! diflefdl 1PN AANRIsSY G, Wi ch

‘generapesfé si nusoi dal ating current having a givenTrequency
sufficiently RigBenathag tlgieft bOReR! 56UARE | I SHIIFSEr DWETa HAHEDiIdal

R-S-T, nunerals 74B and 74C desi ghat e Zener di odes, nuneral _
alternating current having a given frequency sufficiently
higher than that of the alternating current power source
R-S-T, numerals 74B and 74C designate Zener diodes, numeral

%)} (0 74D a capacitor, and numerals 74E and 74F resistors.

The maximum voltage'of the sinusoidal alternating
current of éhe AC- power source 74A is restricted by the Zener
diodes 74B and 74C. This alternating current is delayed by
a delay circuit having a time constant including the capacitor

{[G 74D and the.resistor 74E to provide a triangular wave 74a.

Fig. 11 shows the arrangement of the vector control
system of the induction motor 1 in which a PWM inverter 29
is used to maintain constant excitation.

- Direct current convertors 8l to 83 generate DC

o/ 10 signals corresponding to the sponctaneous values of the AC
outputs of the PWM inverter 29. A three-phase to two-phase

coordinate converter 84 (Fig. 15) into which a sinusoidal
signal 90a and consinusoidal signal 90b described hereafter

are fed is adapted to convert the DC signals 8la to 83a into

VA

a torque current component signal 84b and an excitation current

component signal 84a on a rotating coordinate axis in



10 74D a capacitor, and nunerals 74E and 74F resistors. The nmaxi mnum vol t age
of the_sinusoidal alternating current of the AC power source 74A is
restnﬁg?-d by t-he. Zener diodes 74B and 74C. This alternating current is
léﬂiiy a delay circuit having a tine constant including the capacitor
15 .73P7and the resistor 74E to provide a triangular wave 74a. Fig. 11
shows the arrangenent of the vector control ,systemof the induction notor 1
in which a PMMinverter 29 is used to naint@ﬁn constant excitation. -

Direct current_convertors 81 t enerate DC.20. signals, caorresponding to -
the spont aneou® X% %ﬁ?%§%%9§3é§;§§ﬁnﬁﬂﬁ§1§F Fﬁ%°ﬁ%ﬁ¥iﬁvgftgﬁezﬁgchgary

t hr ee- phase t -%ﬂg ' e 84 (Fi LN Leh

si nusoi dal si-g‘r‘él% a Zﬁ'&ﬁgg%%%fggﬂ\és?%%gf éﬁb ggg—%?)ggé hglrn%gﬁze?gare
fed is adapt edrdrSEUME ta (NS ilderSi @GR 2:B4p16Q RRALOB! BEGTEREAURCYI M ent
conmponent signal  84b and an excitation current conmponent signal 84a on a

rotating coor diDggdle, awinkerdl 86 %y rE¥fdiciantomuditiph¢iaggshiseuyel QEigy W7 pf
the secondary magnetic flux vector of the notor 1. Reference nuneral 857

represent 9 a dihdalergefena e @plsd idaNAregueBRvyCESghad. 86ADBE) mubtipipingb a
coefficient multiplying circuit (Fig. 17) which aenerates_a_slide_frequency
signal 86a by &I¥NEHY iWidFhtaR iGORFTEaRt-h namesadt 8t annamplafisy &RigmpPliier

Fig. 21) havi.ng a gain correspodi ng .to the nunber_ of pale pairs
(Fig ) having a gain p(correspoding to the number gf poEe pairs

of the motor 1), onto which a velocity signal 5a is applied.
An adder 88 (Fig. 23) adds the slidg frequency signal .86a
|U with the output of the amplifier 87 to generate a ‘;)
synchronization angulqr velocity signal 88a. An integrator
89 (Fig. 25) integrates the synchronization angular velocity
signal. 88a to generate a phase angle signal 89a of w secondary
magnetic flux vector. A function generator 90 (Fig. 18)
.E{ generates a sinusocidal wave 90a and a consinusoidal wave 90b
by réceiving a phase angle signal 89a. An excitation command
circuit 91 (Fig. 19) generates an excitation current component
command value 9la. A subtractor 92 (Fig. 24) subtracts the
excitation current component signal 84a from the excitation
10 current component command value 9la to generate its error “
signal. An exéitation current component coﬁtrol circuit 93
includes a delay and advancement circuit shown in Fig. 26
and controls the subtractor 92 so that the subtractor 92
outputs a zero voltage. Reference numeral 93a represents
an excitation voltage component command value, numeral 94 a

subtractor (Fig. 24) which subtracts a velocity éignal (5a)



of the nmotor 1), onto which a velocity signal 5a is applied. An adder 88
(Fig. 23) adds the slide frequency signal.86a 10 wth the output of the =«
amplifier 87 to 'generate a synchronization angul ar velocity signal 88a
-integrator 89 (Fig. 25) integrates the synchronization angul ar vel ocit ==
signal 88a to generate a phase angle signal 89a of w secondary magnetic
flux vector. A function generator 90 ('Fig. 18) 15 generates a sinusoi dal
wave 90a and a consinusoi dal wave 90b by rd8eiving a phase angle signal
-89a. An excitation command circuit 91 (Fig. 19) generates an excitation
current conponénomcanvehoc ity usomiand Araslus rlle dro Yer(drate d4)s suhroract s
the excitation current conponent signal 84a fromthe excitation 20 current
conponent comm@hgnabl yeumazal o® Yenerekacity eanterolsiqirsui tAd nelsidest ithe
~current conponent control circuit 93 jncludes a delay and advancenent
circuit shown PRLEY 2RSRATRNCHRRD b SLEHE & B de tidy T s 36 ad cagries

subtractor 92 Qutputs a zero voltage Reference nuneral 93a represents_an
excitation vol PAgeRBHPdnett Tihmaf BIRRF ﬁ%&?@ga{geeé:ﬁ’“?ss&ﬁFPacWefﬁﬁg.

24) Wwhich subt t Cj ' A froma vel ocity co val ue
f0a to gengjat gglgté g?%l%égséll%ynra%‘g%@ﬁog@% FVe nc‘)i{(j:livtaé"“'cednt"‘?ﬁ’g'le"cr%si:{‘ra ?gl t

Jincludes the dgl gyoarde gy ansgyenia Ciiciid iuddl i 2530 ceateles out

-control so that the error signal becomes zero, nuneral 95a & torque current
. conponent comMmasdpyaénte, sIYHEl d4¥6rom the torgue current component

command value 95a to generate its error signal, numeral 97
a torque current component control circuit including a
LJ’ IC delay and advancement circuit as shown in Fig. 6 which
controls the subtractor 96 outputs zero, numeral 97a a
torque voltage EOmponent command value, numeral 98 a
two-phase to three-phase coordinate convertor (Fig. 16)
which converts primary voltage command values 98a to 98c of
|9 each of three phases by inputting the excitation voltage
component command value 98a, torque voltage-compqnent command
value 97a, sinusoidal wave signal 90a and consinusoidal wave
signal 90b.
Figs. 12 and 13 show an arrangement of the velocity
¢ command generating circuit 10. In the drawing, references E,

(+) and (-) represents DC sources of numerals R,, to R

41 48
resistors, C3 and C4 capacitors, Aa a starting command relay
contacts which are closed when the starting command is outputed,
Ab to Ad starting command relay contacts which are opened

. 1> when the starting command is outputed, Ba stop determination

relay contacts which are opened when stop is determined for a



a subtract or (Fig. 24) which subtracts the torque current conponent signal

errferygi gnal , nuneral 97 a torque current component control circuit

I nc ng.a 10 delay and advancenent circuit as shown in Fig. 6 which

gl s*the subtractor 96 outputs zero, nuneral 97a a torque voltage
conponent” command val ue, nuneral 98 a two-phase to three-phase coordinate
convertor (Fig. 16) which converts prinmary M@Itage command val ues 98a to
98c of 15 each of three phases by inputting the excitation voltage
conponent comyEd n¢alilaceSaalllobgua vagkagallonpbnest BaoswapddsabeifdBion
si nusoi dal wave signal 90a and consi nusoi dal wave signal 90b. Figs. 12 and
13 show an ar nalggnmemntaictishehiehoarey c26sedowhandsgepeiat dagermineadt £40.
In the drawing, references E, (+) and (-) represents DC sources of nunerals
R to Rresi ﬁmisl,in[getprl]ac&n@aﬁér er eapaget sR3l,AR;atet Byt dngetennhhans el ay
contacts which are cl osed when the starting copmand is outputed, Ab to Ad :

starting com@rdntedaFesidoRcrelai CRANERE5pYReaR25TfhEACERE §P3¥t$ﬁﬁrtfsﬁ
mrand i t put ed, .Bg st det.er.m ' I tagts _whjch d
comrand | SrOuLRN ol 59121 2 debeLll At an peLay conLagt s unloh aLg gped
Stop determ ngidgn gl SUULAELS 21 6U0eoeh gsed; MIcBoeD | S peheraLned
5 “or 4 c I,Ferrf 0 |err] ron

for ariding place C cage ecel era
- numerals N, to N, represént acceleration and deceleration

command relays, Ny to N4a normally open contacts of the

a

acceleration and deceleration command relay, N2b to N4b

[C normally open contacts of the acceleration and deceleration b
command relay N, to N,, Ny o to Nag normally closed contacts
of the acceleration and deceleration command relays Nl to
Ny, T, to T, timing relays which are actuated on being
energized and which return to their normal states after a

45’ period of time on being deenergized. Numerals Tla_to T3a

represent normally closed contacts of the timing relays Tl

to T3, T to T.

1b 3b
energy saving running command relay contacts which are

normally closed contacts, numeral 24c

similar to the contacts 24b of Fig. 2. L
20 When the power sources (+) and (~) are turned on, ~
the timing relays T, to T, are energized through the starting
command relay contacts Ab to Ad, and are self-held by the
closing of the contacts Tlb to T3b, respectively, and the

contacts Tla to T3a are closed. The deceleration point

25 detection relay contacts D1 to D4 are closed. The energy

saving running command relay contacts 24c are normally closed.



poi nt detection relay contacts which are closed when starting and serially
opened tn order of contacts D1 to D4 when a rear cage 8 reaches a given
decel.eration point. -Reference nunerals N1 to N4 represent accel eratfsn, and
decel eration command relays, N a to Nda nornmally open contacts of
accel eration and decel eration conmand relay, N2b to Ndb I C norn¥
contacts of the acceleration and decel eration command relay [err] To [err]
“to [err} normally closed contacts of the aédel eration and decel eration
command relays N1 to [err] to [err] timng relays which are actuated on

bei ng energi zed and whi chhéet thid $tatting cumnmaid sisitestpided, a&heeri od of
time on being deenergized. Nunerals Tla to T3a represent normally cl osed
contacts of thetarting cehmynd Trelafd JZomMtdrcts ABmrwralnided andsddhecont act s,
nunmeral 24c energy saving running command rel ay contacts which are simlar
~to the contactsoRhpchs XpgtoAd Rre opened. WhsM thee guvdcodcagre(+) and
¢-) are turned on, the timng rel ays [EH{A to [err] are energized through

t he ,\s\;-arti ng cBHABRT. r ER2CERt SRS 3P ALCHIRF O™ AR IR}t athe
cl osiMig of the _contacts Tlb to T3b,, respectiyvely, and the contacts Tla to
T3a are cl ésedt.‘ﬁﬂ'@ ﬁ’é%"é?%?%%i p%l?%tC%Stac%Yseéﬁaorf'sr é"llaﬁlseéoﬂi%éﬁ’?rlﬁl to D4
are closed. Thg. y.Saving. i QIy . contagt.s 24¢..are
Mormal Iy ci oseyFOT (UERE HESLHLON, RO BTN d i LI TR )

By the circuit (+)-Tla-N2-(-), the acceleration and

deceleration command relay N2 is enefgized and self-held
by the closing of the contacts N2b. The contacts N2a are
&;f j0 closed to short circuit the resistor R42. Since the
contacts N2c are opened, the timing relay T2 is returned
after a given period of time later. By the circﬁit
"(+)-T2a-N3-24c-(-) the acceleration and deceleration command
relay N3 is energized and the contacts N3a are closed to
|5 short circuit the resistor R43. 1In a similar manner, ﬁhe
contacts N4a are closed to short circuit the resistor R44.
The speed command value (l0a) becomes an acceleration command
value which gradually increases as shown in Fig. 14. When
the acceleration mode is complete, the acceleration éommand
- 20 value becomes a constant speed command state which is held
at a constant value as represented by a curve 1l0a2.

When the call is detected and a stop mode is
determined, the stop determination relay contacts Ba are
opened and the contacts Bb to Bd are closed. By the closing
of the contacts Bb to B4, the timing relays Tl to T3 are

energized to open the contacts Tla to T3a and to close the



starting command relay contacts Aa are closed and the contacts Ab to Ad are
opened. \Wen the contacts Aa are closed, the acceleration and decel eration
command~yelay 5 N1 is energized and the contacts Nla is closed to short
Cirepd e resistor R41 by the circuit (+)-Aa-Ba-N-(-). By the circuit
(+)-TH -(-), the acceleration and deceleration command relay N2 is
ener gi zed and self-held by the cl osing oi the contacts N2b. The contacts
N2a are 10 closed to short circuit the %sistor R42. Since the contacts

ime | ator EpoRRack rEHp req 530 s /Y e taff Botin, 18
decel efat | on £ouuROd T4 2% de 1 S0 ZathaNL L CANLANLY MAdicg. ! Osed

to 15 short crrcuit thé resrstor I'n a sim manner, “the contacts N-a

are closed topshgré &hékel tsd Nend©Sind Yed¥hbrai® s ReRd qeETRRG thahue (10a)

becones an accel erati'on command val ue which gradually increases as shown in
Fig. 14. Wencéhifad® CeéBARtNO N Silferier il aice ogdie e citalctennaamand
20 val ue beconmes a constant speed command state which is held at a consfgnt
val ue as Keprssetibat tye aresiseod Gt Whdmsdnteshl | Whendathectcagea®d a st op
nmode is deternmined, the stop determi.nation relay contacts Ba are opened and
t he contacts BBackeBdatirrext slecrlaiatinn @aisithy the degielgration »edatBh to

Bd, the timing relays T1 to T3 are energized to %Pen the contacts Tla to
T3a and to C|g§§e@F&pn relay contact D2 'are opene so_that the acceleration

and deceleration command relay N3 is deegergized to open
the contacts N3a and the resisto R43 is inserted. Similarly,
|¢ the contacts N2a and Nla are opened ahd the resistors R42 i;j
and R4l are serially inserted. In such a manner the speed
command value 1l0a becomes a decele#ation command value which
gradually decreases as represented by a curve 1l0a3.
When the energy saving running command is provided,
|§~ the contacts 24c are opehedf Since this causes the
acceleration and deceleration command relays N3 and N4 not
to be energized, the speed command value l0a becomes a low
speed value represented by a curve l1l0a4.
Fig. 15 shows the arrangement of the three-phase
2V to two-phase coordinate convertor 84. Amplifiers 10lA and
101B (Fig. 21) have gains_of v273 and 1//2 respectively.
Inversion amplifiers 101C to 10lE (Fig. 20) have gains of
-1//6, -1//8 and -1/V/2, respectively. References 102A to
102C represent adders (Fig. 23), 102D a subtractor (Fig. 24),
25 103A to 103D multipliers (for example AD533 manufactured by

ANALOG DEVICES Inc.).



contacts Tlb to T3b. Wen a given deceleration point is reached, the
decel eration point detection relay contacts DI are opened so that the
“acceleration and decel eration conmand relay N4 is deenergized to open=th
contacts Nda so that the resistor R44 is inserted. Wen the cage 8 réﬁ@
at next decel eration point, the deceleration point detection relay con
D2 are opened so that the acceleration and decel eration command relay N3 is
deenergi zed to open the contacts N3a and thfresisto R43 is inserted.
Simlarly, 10 the contacts N2a and Nl a are opened and the resistors R42
and R41 are serially i nsEre ezkcitrtsitoh cummente canponsnde s igominfdaval ue 10a
becones a decel erati on conmand val ue which gradual | y decreases as
represent ed bythectexeud oscrefferranponanyy fixwl d¢h and gecd€mand is
provi ded, the contacts 24c are opened. - Since this causes the_ accel eration
and decel er at i BRFERFeIERE DAL NEARPANP T IR FAeTede hGivVEe it FOLipWdng
command val ue 10@ gecones a IQ%FEqﬁgg val ue represented by a curve 10a4.
Fi g..15 shows the? +?%HU§HE%H’ t Wqﬂee-phase 20 to two-phase coordinate
.convertor 84. Anmplifiers 101A and 101B (Fig. 21) have gains of [err] and
{err] respectively. Inversion anplifiers 101C to A30 E_{(Fi g. _20)_have gains
.of [err] and [err] respdetivel yCORE ersdicds 1102A 30 ~1@2C regr eppAtl 3dders
-+ (Fig. 23),.102D a subtfractgr (Fig. 24), 25 14d3A to 103D nultipl{pgs (for
. exanpl e A%33 manuf actjur ed |5y | ANALOG DEVI CES |l hic. ). L 1
_ igs - -sin 6, cos © 0, — _—JdlLiw
2, V2

where ids represents the excitation current component (84a).
igs represents the torque current components (84b) and iu
to iw represent primary currents of motor 8la to 83a
respectively. T@e coordinate convertor 84 calculates

'iC this formula.

Fig. 16 shows the arrangement oZ the two-phase to
three-phase'coordinate convertor 98. In the drawing,
‘'réferance numerals 104A to lbéD represent multipliers
which are similar to the multiplier 1033, numerais 105a

iY and 105B subtractors (Fig. 24), numerals 105C and 105D
W, | adders (Fig. 23), numerals 106A and 106B amplifiers

1
(Fig. 21) having gains of //g— and /3 respectively, and

numerals 106C an invert amplifier (Fig. 20) having a gain

of -1//6.



The excitation current conponent signal 84a, the torque current conponent
signalf 84b and the DC current signals 8la to 83a of the notor 1 have the
: foLLp ng-relation as is well known: 1 [err] where ids represents the
excl] on current conponent (84a). iqgs represents the torque current
conpSfents (84b) and iu to iwrepresent primary currents of notor 8la to
83a respectively. The coordinate.convertor 84 calculates this formula. Fig.
16 shows the arrangenent of the two-phaskdto three-phase coordinate

convertor 98. In the drawing, reference hunerals 104A to 104D represent
nul tipliers which are Shfears & Wed Indnemsy follewang redaicars ?GSKQEB and

105B sub F 24 I 105 d 105D a
numerzrst rlggit&: ﬁf%%@%ﬁ%\ |afrﬁ%e %f%‘ﬁ:l t%%)e ﬁ&?‘f“ﬁ& géﬂaﬁré‘gﬁf gnd[ err]
and [err] rqﬁp cgjvéﬁ& a%%ﬁ% %E%n%pgglﬂgsl@ggrkoagglkfler (Fig. 20)

having a gain

- Vu* S - /2 )
/3,0
Fi cos G'r -sin © Vdas*
Vv* = _‘%" E ' | { }
/6 s ‘/2 - sin G‘, [ede]-] e' - VqS*
L Vw*® _‘%‘ - i
s 1/5 ’ ‘/2 =

5 wherein Vu* to Vw* represents the primary voltage command
values 98a to 98¢c; Vds* represents the excitation voléage
component command value 93a; Vgs* represents the torque
voltage componeﬁt comm;nd value 97a. The coordinate convertor
98 calculates this formula.

10 Fig. 17 shows the arrangement of the coefficient
multiplying circuit 86. In the drawing, refeﬁence numerals
111 and 112 repreéent operational amplifiers, R51 to R56

resistors wherein R54=RSS5.

The slide frequency signal pws 86a is calculated

15 as follows: _ igs RS2 R55 , _ igs R52
pus = 3z (- g27) ( - 37 ) = Ias m51

- ias Rr

ids Lr

wherein p represents the number of pole pairs of the motor
5,
ws the sliding frequency 86a

)¢ Rr the secondary resistance of the motor 1



There is a well known follow ng relati on between the excitation and torque
vol.t age command val ues and the primary vol tage command val ues 98a to 98c.
[err].5 wherei'n Vu* to W represents the primary voltage command val ues .
98a ‘to 98c; Vds* represents the excitation voltage iconponent command Vet
93a; Vgs* represents the torque voltage conponent conmand val ue 97a. N
coordi nate convertor 98 calculates this fﬁzrula. I C Fig.

shows the arrangenent of the coefficient tiplying circuit 86. In the
drawi ng, reference nunerals 111 and 112 represent _operational_ anplifiers,
R51 to R56 resil&t §h8 FREPBAArRoIRfBStanee CrlwR 9F cehRMIEIT ghral pws 86a is

pairs of the et s5naREhiebRE brinrHEs bl SRR BRI il v P °
1 hat Ts, thEh HBuriR, BaveRed: DFBFSRRIS Y RSt IR R e ™
reversed to prQﬁEdglﬁdﬂﬁéiE£¥Su¥ﬁ$995983a1h§%ht{§’éﬂéﬁﬂ@g frequency signa
86a I s output. : _
g 9 Fig. 18 shows the arrangement of the function
generator 90. In the drawing, reference numeral 113
represents an A/D convertor (for example, ADC 80 manufactured
by BURR BROWN Co., Ltd.) which receives the phase angle
signal 8%9a and converts it into a digital wvalue, numeral 114
|0 a cosinusoidal ROM (for example 12716 manufactuked by
INTEL Co., Ltd.) which stores the value of cos 0 corfesponding
to each phase angle as a digital values, numeral 115 a |
sinusoidal ROM which stores the values of sin @, and numerals
116 and 117 D/A convertors (for example, DAC 80 manufactured
i by BURR BROWN Co., Ltd.) which convert digital values into
analog values.

The values of the cos © corresponding to the phase
anglé represented by the bhase angle signal 89a are read out
from the consinusoidal ROM 114 and the values bf.sin 0@ are

&ué 20 read out from the sinusoidal ROM 115. These values are
converted into analog values by the D/A convertors 116 and
117 to provide cosinusoidal and sinusoidal signals 90b and

90a.



Fig. 18 shows the arrangenent of the function generator 90. .-In the draw ng,
reference nuneral 113 represents an A/ D convertor (for exanple, ADC 80
manyf act ured by BURR BROWN Co., Ltd.) which receives the phase angle signal
89y converts it into a digital value, nunmeral 114 10 a cosinusoi dal ROM
(fox\¥xanpl e 12716 manufactured by INTEL Co., Ltd.) which stores the val ue
of cos [err] correspondina to each phase angle as a digital values, nuneral
115 a sinusoi dal ROM which stores the valug3 of sin [err], and nunerals 116
and 117 D/ A convertors (for exanple, DAC 80 manufactured 15 by BURR BROMW
Co., Ltd.) which converFigi gl? ashows ke | anrangerent f ke Mo tatiices of
the cos [err] corresponding to the_ phase angle represented by the phase
angl e signal 89BMaR] FiEEUdEt 9} r onfR hEhe ARG dRLIAMCEL X HRPESFERFS ues

fsi 2 d_out fromthe sinusoidal, ROV 115, Th |
Conver ted | nt 8 HAAROBEOLFRELOB, STIY 90 AR GRS PR APSEEr N oo HoRE

cosi nusoi dal’ gnd 3L pusgl gl oL anad 090D AR v Rk dh MRS 0p

arrangenent o € excitati on command CiTcCul e dr aw ng,

W Iepresents peYEgkcEXELLAL! 9 LR BYe CONAL] Sl &) ALl AP L iR Ak
excitation is carfied out, reference N represents excitation relay
contacts whi cRsargreiaseguihene fef EAEE 4 CHL LY tdld Db tion relay contacts
when a strong excitation is carried out, R57 to R60 resistors,
and E a DC power source.
The excitation current component command value 91a
(¢ which is determined by the resistors R57 to R60 is outputed ;.)
by the closing of either one of the contacts w, N and s.

When the contacts w are closed, this value becomes:

R60
K53 ¥ R3J + R6O0

When the contacts N are closed. This value becomes:

Ex

" R60
i5 EX 2357 R8O

When the contacts S are closed, this value becomes E.
Figs. 20 to 29 shows arrangements of other elements.

In the drawings, references A, Al, A2 ... represent inputs,

~

B an output, P, Pl, P2 ... represent operational amplifiers, x,)
20 R1, R2 ..., rl, r2 ... represent resistors, c a capacitor,
D a diode, and Z a Zener diode.
Fig. 20 shows an inverting rever amplifier.

Since B = - %% A, when Rl = R2, we have B= =A.



is carried out, referen(;e s strong excitation relay contacts when a strong
excitation is carrled out, R57 to R60 resistors, and E a DC power sour
The excitation current conponent command val ue 91a 10 which is determ (€
by the resistors R57 to R60 is outputed by the closik-ng of either one of“#He
contacts w, N and s. Wen the contacts w are closed, this value becones:
.[err] When the contacts N are closed. This value becones: [err] Wen the
contacts S are closed, this value becones,E. Figs. 20 to 29 shows
arrangenments of other elenments. In the dram ngs, references A A, A2 ...
‘represent inputs, B an o@tigut 21PshP¥s R@n-inverpirgeampbpeieri onal
anplifiers, 20 R, R2 .. pp &|R r2 2represent resi stpss, k32 capagitor, D
a di ode, and Z Sirgend =d g.r WA+ aRSYRRERS | TTORTEVer ' afpiFTFEr .
Since B =[err] A when_R = , we have B= -A /3 Fig. 21 shows

non-inverti ng aEple i £12 =Sionee,Bws have B3= /2a12 A, asumming [err] to
be [err] 0.82, w& lave B = [err] Fig. 52 shows an anplifier with a
limter. W have B =[err erein_out put - ted en
lvoltége Fig. 23 shows aklgddga ﬁgws A imﬁg tf SRS lfﬁléggz We have
R2 - R3 2

=3 wherein output A is saturated at a Zener voltage.

5 B=
Fig. 23 shows an adder. B = Al + A2 + A3

Fig. 24 shows a subtractor. B = A2 - Al

Fig. 25 shows an integrator. Since B =

| —d

where (S is a Laplacian operator), B = z when Rlc = 1.

wn

i0 Fig. 26 shows a delay and advancement circuit.

R2 1+
®

' + T1S , .
Since B = g7 * 73 ES = £—~—2%5 A if we let

)
/ o
"o

(n

Rl = R2, R2C = T1, (R2 + R21) C = T2.

Figs. 27 and 28 show comparators. The operational

fu

amzlifiers P are aprlied with a bizs voltage destermined by

/5 resistors RZ andé R4 respectively.

If this value is assumed to be e, the respective
outputs B are "H" when A > e in Fig. 27 and when A ¢ -e in
Fig. 28.

_ Fig. 29 shows a comparator, of which output B is
20 "H" when Al > A2 and is "L" when Al < A2.
The outline of the operation of the vector control

of the embodiment will be described.



Fig. 24 shows a subtractor. B = A2 - Al Fig. 25 shomws an integrator. Since

‘B =[err] where (S is a Laplacian operator), B = when RRrc = 1. S 10

Fi g. 26 shows 'a del ay and advancenent circuit. Since B=[err] Rl = R2, R2C =
Tl + R21) C = T2. Fics. 27 and 28 show conparators. The operational
anp ers P are applied with a bias voltage determ ned by 15 resistors

R2 a R$ respectively. If this value is assunmed to be e, the respective
outputs B are "H' when A > e in Fig. 272&d when A< -e in Fig. 28. Fig. 29
shows a conparator, of which output Bis "H' when Al > A2 and is "L" when -
Al < A2. The outline ofEftfecandegatrdn oPnperentet iscobts £ othe primary
enbodi nent wi |l be descri_bed, If d and a axis conponents ids, ias of the
primary curr EHETERE 8REnd ANAXESEELHFPCAEAPRERFS tPE €l oFREPRARLN raHirefte
assuned to be state varigblgs apd_the d. nﬂ a axis_conponents Vds, Vgs of
the prinmary $5Pt 256°RFE BSshRed t5°5vabbapHpt 2 tar FABI S G TX4F
(excitation ¢ onent -t gL gue, conpong ) .coordi » t ich is rotating -
SOTRRRERES BRdh, vERCRETEY o R (VRTHAYS AR e £81%

at an angul ar _ fon notor 15 >
represenked pe jnoyt variables in a &-g (excitation component-torque
component) coordinate system which is rotating at an angular

velocity of w, the state of the induction motor is represented

by the eguation (1).

2 o
ids - - Bs_ W + pWr ———e—
r ] oLs i ocLsLr
2
1 PR » PN L ' - is.
1gs w=swr GLsLr . GLs
P = RsM M
idr GLsLr -pwr cLr
L, i .. M RsM
iqr Por 5T oLsLr




by the equation (1). [er[] [err] wherein Rs represent a primary

resi stance of the induction notor, Rr a secondary resistance of the sane,
Ls a primary inductance of the sane, Lr a secondary inductance of the 5 =
-same, M a mutual inductance between the primary and secondary w ndings, -p

t he nunber of pole pairs, w an actual angurar velocit, of the rotor o- the

notor, P =d/dt a differential operator, a | eak coefficient is represented
by the formul@ (2). [erf] SimTlarly, the generated torque Te of the
i nducti on notjor i spiisepr esent edq by {he fol | owi ng ornul a 03) M Te= PM (igs
ids- ids iqr)E [3msgr | Riferd@= [ efSmd [erf P epresent the |d and g
- .axi s conponen becondary—mhgneti ¢ fl ux| respectively and |are
represented by the foll owi ng fornmu (4).) [err]=Lridr + Nads [erir]=Lriqr +
M gs —our BRxM ) —= y
A PUL 3Ts sLsLr. | *9°% | =+ 0 oLs [vds
- e (1)
. Rr _ pur i | __M
S T CLr W= EE_ Lax stezr ° vas
., pur .Rr N - M
o B e | i -0 SLSTE -
&;, wherein Rs represent a primary resistance of the induction

motor, Rr a secondary resistance of the same, Ls a primary
inductance of the same, Lr a secondary inductance of the
D same, M a mutual inductance between the primary and secondary
- windings, p the number of pole pairs, wr an actual angular
velocitvy of the rotor of the motor, P =d/dt a differential
operator, ¢ a leak coefiicient is represented by the formula
(2).

. 2
iC g=1 =

M

fg:L—f ceeeess (2)

Similarly, the generated torgque Te of the induction

A - motor is represented by the following formula (3)

*

Te = PM (igs ids - ids iqr) =P (igs Adr - ids Apr) ... (3)

|'~;|



5 As apparent fromthe formulae (1) and (3), the fornula (1)
‘is non-linear in that the state matrix includes the angular velocity w of
1§§‘ondary current vector and the angular velocity w of the rotor. The
QQ'A (3) is non-linear in that it includes a product of two state 10
variedl es. Therefore it is difficult to carry out a preferable velocity
control as it is. The principle of the, yector control is that the primary
current to be supplied to the i nducti ohPnotor is deened as a vector amount
on a coor di e 2GS - 4 Gek 13.LAEARENIRENaSYXANEORLER! Laidhihts e
secondary nagngilc I"'uX veéect ors, AnG the primary currént vector-1s resolved

into a conpOQﬁﬁhﬂﬁﬁgééd%ha%?)h%ggé%eenéﬁﬁx pegpetLevEl YXahihdtei Sepresented

excitation current compone a conponent normal tO the above-hentioned

conponent (thsf dre floANewa ngUroemulgaoaenent) and non-interference control

of the secondary magnetic flux and torque of the induction notor by

I ndependently controlli LMngggpgnﬁ?gg. When the excitation is controlled”
=l ds on

Pt

to a constant value, that is ras=l tant .val W8), the above-nentigped
purpose is acconpli shedg25=hyrdger vi Mdgsui the control so that the d aXTs
conmponent ids of the secondary vector 1s zero. That is, the state

equations(1) and the geRengiRdeh® ¢ven’ ehBUEah3)aa" ¢1) i 8RAl (3pd wnder
condi ti ons of
formula (1) is non-linear in that the state matrix includes
the angular velocity w of the secondary current vector and
the angular velocity wr of the rotor. The formula (3) is
non-linear in that it includes a product of two state o/
{0 . wvariables. Thereforé it is difficult to carry out a
preferable velocity control as it is.

The principle of the vector control is that the
primary current to be supplied to.the induction motor is
deemed as a vector amount on a coordinate axes (d-g axes)

(5 rotating in synchronization with the secondary magnetic
flux vector, and thg primary current vector is resélved

into a component parallel to the secondary magnetic flux

(that is, excitation current component) and a component

normal to the above-mentioned component (that is, torque ™~
W current component) and noﬁ-interference control of the

secondary magneiic flux and torque of the induction motor

by independently controlling two components. Wheh the

excitation is controlled to a constant value, that is ids=Ids

(constant value), the above-mentioned purpose is accomplished

LY by carrying out the control so that the d axis component ids



———— - e
ids = 1ds (constant),.(5x 5 .. idr =0 ... (6) as
follows: [err] At this time, The secondary magnetic flux becones a vector
“rotating in'synchronization with the d axis. The conditions of the .,%ib
formul ae (5) and (6) are met by controlling the angular velocity w of th&?
secondary magnetic flux vector and the primary voltage d axis conponent Vds
by assumng the primary currents ids, igs and the 5 rotor's angul ar
~velocity w of the induction notor. T@Hs is nentioned by H Suginoto et

al. in an article "Theory and Characteri'stics of a New Induction Motor
Drive System iggving ldel8ataryagetbebrFugctben. PTHSE. iEY Ofke Sfate
I nternati onal Power Electronics Conference 1983, The Institute of
El ectiical 10 edma@iid@er(y)Japanthkegehevhessi Bopytei fotheld ol Il frd 9)
. represents a slingind frequency, Ids in the formula (10) represents an
-exci tation curlriewrializedonméderd cahdétfonasbsint value) Fig. 11 is a circuit
di agram show ng an enbodi nent of the above-nentioned vector control system
in mhLEh the excitationids eodssaritbpstant) otked-bySlsing the pwMinverter

J de =0 .. (6)

as follows:

. Rs RrM .o
+as oLs oLsLr 1as g
P =
\ : RsM Rr "
et - ==
. lqr. cLsLr oLr iqr
W
- (1) -
2
PM 1
-lds ~Ids 5TsiF  5is
+ wr
oM M
0 Ids clr gLsixz
. ~Vqs -
L 3 LN (7)
M2 .
Te = -pMIds igr = p Iz Ids igs ceee (8)
&uj 1¢ At this time, Adr = MIds, Agr = 0

The secondary magnetic flux becomes a vector rotating in

synchronization with the 4 axis.



29. The first and second terns of the right nenber of the 20 formula (10)
-are omtted on the basis that the gain k of the third termis sufficiently
hi g The excitation current conponent comrand val ue (91a) lds* which is
out ed fromthe excitation conmand circuit 91 is inputed to the
subtyactor 92 in which it is conpared with 25 the excitation current
conpahent signal ids designated by 84a which is generated fromthe

t hr ee- phase to two- phase convertor 84, th#&t is the excitation conponent of
the current which actually flows to the notor 1. The subtractor 92 outputs
the error. This error Beecrerdiwkork 9% fhorfFrmiddag agRd @ihofdntai@mand
val ue Vvds* representedbg¥ 93a via the excitatjon current conmponent control

circuit 93 WRPENPY sCPRPEREHIRD EhR IRFLIARSEIF I ¢ Yhdde SRGMGTHYe

t 98. _Th d | * oI ted by 14a .10 which
out put 00 11 OFFEREE CpeRtETMERGF (RHtbr T (R BT o TP9L 9 ticod e

subtract or 94.Ln. whj Q I LS [ ] gﬁ gﬁﬁg 1 " epfesenLgd
by 5a fromt %gs%‘gg%gde }é% o?'&%.‘ Iltlrg&s%mb%‘%c% or- s(S)u put Zl%:gé"eérl\{%{? Thi s "
error beﬂ)ﬁegow?'é%ﬂ&ﬁl&%@f@cfﬂﬁpﬂﬁ%‘é QTERRL AL df LD This is
represented by 95a whith 1s then irnputed to the subtractor 96 in which it

i s conpared mbhbibheatey Ge Sk imdto COMNONENtn drgnalcidie repiRsented by 84a
generated fromthe two-phase
Characteristics of a New Induction Motor Drive System Having

Linear Transfer Function" p.465. Proce. of International

Power Electronics Conference 1983, The Institute of Electrical
1V Engineers Japan. . _ [
w = pwr + %é %%g = pwr + pws cesesasene (9)

Vds = Rs Ids* - woalsigs + K (Ids* -ids) ..... (10)

/> command value (constant valiual.
Fig. 11 is & circuit diagram showing an embodiment
of the above-mentioned vector control system in which the
excitation is constantly controlled by using the puM inverter
29. The first and second terms of the right member of the Q;
20 formula (10) are omitted on the basis that the gain k of the
third term is sufficiently high.
The excitation current component command value (91a)
Ids* which is outputed from the excitation coﬁmand circuit 91

is inputed to the subtractor 92 in which it is compared with

2> the excitation current component signal ids designated by



. conmmand val

to three-phase convertor 84 and the subractor 96 outputs this error. The
error becones [err] the torque voltage conponent 20 command val ue Vgs*
"represented by 97a which is then input to the two-phase to three-phase.:
coordi nate convertor 98. On the other hand, the subractor 85 and the gy
coefficient multiplying circuit 86 output the slide frequency signal p@
represented by 86a in accordance with the second term25 of the formula
"(9). In the adder 88 this signal is added2®th the slide frequency pw
“which is obtained by multiplying -~ the speed signal 5a with the nunber of
pole pairs p t &4 vviigh dssgRBREBRPSAEFOR BRYUFRFELTRRASS| HhdivarRirsSe
secondary nmagnetic flux vecto _reEresentedﬂb 88a. This signal_.i

i ntegrated by Fﬁ@”@ﬁﬁ@ﬁrééortEQtS s F3epP¥st ’t%9%Ha§%P%ﬁﬁﬁ%3%ﬁgﬁhﬁ of the

secondary magnetic fl ux. vector 8 r nted by, 89a.. Imna f td —a i
. generator the §%§§&td§Plﬁ,§vgc§Pa?1§§ SS§Wéng°t%%éc%%T%‘u?bi dal” vvaévl%p‘-’s"lagcn'ér
90b with respe phgase € eppk I Land. g ben fad 40,4 he
coordi nate co_n\(?tezr Eogrttgﬂgi 2‘?11 Sg?g%‘ﬁe F&%gpﬁgisé? %@ﬁ%e;p ase convertor 98
CONVALLS the i RRileo832omBbRenB08omiBRA! faPhEVIEE tAEoPEL Rt ) (gL

ue 98a to 98c to operate the base drive circuit 28 of the PW

inverter 29.. V4ld dreowrcR\eleont akreftcasnpene st cdycrpplyirmnidhe base
“drive signals 28a to 28f to the 15 inverter 20. On the other hand, the
.synchroni zat i onvrdRguliar inputed to the two-phase to three-phase coordinate

convertor 98.
The speed command value wr* represented by l4a
¢ which is outputed from the speed command generating ci;cuit
10 is inputed to the subtractor 94 in which it is compared
with the speed signal wr represented by Sa from the speed
detector 5. The subracﬁor outputs the error. This error
becomes.the to?que current component command value igs
[>” represented by 95a which is'then inputed to the subtractor
96 in which it is compared with the tcrgue current compcnent
signal igs represented by 84a generated from the two-phase
to three-phase convertor 84 and the subractor 96 outputs
this error. The error becomes 6 the torgue voltage component
e 10 command value Vgs* represented by 97a which is then input
| to the two-phase to three-phase coordinate convertor 98.
On the other hand, the subractor 85 and the coefficient
multiplying circuit 86 output the slide frequency signal
pus represented by 86a in accordance with the second term

l5 of the formula (9). In the adder 88 this signal is added

with the slide frequency pwr which is obtained by multiplying



velccit- sianal 88a is added with a constant value signal 22 in the adder
21. Then, the added signal is inputed to the phase control circuit 25 via

t he *contacts 24b. The phase control circuit 25 determ nes whether the notor
19 -- 20 operated at power running node or regenerative

br ak¥¥g node by detecting the voltage detector output 19a and the

syncroni zation angul ar velocity signal 24X. At power running node, the gate
circuit 27 is operated to apply the ignition signals 27a to 27f to the
power running convertor 17. 25 At the re@€énrative braking node, the gate

31 ogener at | FRUbPARFAGE SERb B T Vit e AR B S8R, 38 ge

across the _S"g%bmg ..fr:a EhPEnd S £1GNAEEL I 0 LA de P Wi dNE1 Vield= kigwn PAM
(pul se anplittude nodul a

tfon) control. In such a manner 1 ndependent negative

feed back conkeebn8¥sy enBgré€id! SMhdesed @r thepeddddd Ay @gd.ent conponent
signal ids represented by 84a of the primary current which is DC and the

torque current conponenthbs gmixknalisis ejniesprdtasll by Sde Mteymigived® )
excitation 10 current conponent command val ue 1ds* and the torque curr¥ent
conponents conhanprenide igshaseprmsbntsibial 95h thoy respoydding Magnetdcerror  °
bet ween the sgeed command val ue wr* represented

lux vector 6 represented by 8%a. In a function generator

the sinusoidal wave signal 90a and the cosinusoidal wave

signal 90b with respect to the phase angle € are calculated

and then fed to the coordinate convertors 84 and 98.

The two-phase to three-phase convertor 98 converts A
the inputs 93a, 97a, 90a, 90b to.provide the primarv voltage
command value 98a to 98c to operate the base drive circuit

" 28 of the PWM inverter 29, Well kncwn PWM control is carried
out by applYing the base drive signals 28a to 28f to the "

4 inverter 20. Oﬁ the other hand, the synchronization angular
velccity signal 882 is added with a constant value signal
22 in the adder 21. Then, the added signal is inputed to
the phase control circuit 25 via the contacts 24b. The phase
control circuit 25 determines whether the motor 1 is :J

2V  operated at power running mode or regenerative braking mode
by detecting the voltage detector output 19a and the
syncronization angular velocity signal 24X. At power running
mode, the gate circuit 27 is operated to apply the ignition

signals 27a to 27f to the.power running convertor 17.

At the regenrative braking mode, the gate circuit 26 is

operated to apply the ignition signals 26a to 26f to the



by 10a and the speed signal w represented by -5a are provided, proportionel

control or proportional and integral control -15 is carried out for th
&

respective current errors in individual current control systens. Cont{g

to make the primary current vector of the notor 1 equal to the primary™=

~current reference vector is carried out by using generated primary voltage
command val ue 98a to 98c as nani pul ated vari able. 20 These nmake it possible

to carry out a high precision speed contrgl which is excellent in response.

The slide frequency signal pws representealby 86a is cal cul ated by using

the primry feed,bhackas£iEehtaRind NeorPéPEord - 16lhe APUtranrOus ofaldig Of the
- primary vol tage gf the notor 1 is provided in accordance with the

. cal cul ated si gegk. voThi§e abEPosBkeRe | $mPwatsiny ecdpacintdry idlichariyedh to

. precision vector control which nmeets requirenents of the equival ent

di rect currentcdeyyceututhagwélhneneuwn RAMEe(pUlse RMYIinueld erod2d ageimer)at es
AC outputs 29a to 29c of the variable voltage and frequency. The notor 1 5
is driven to raantheleage 8, the speed of which is autonmatically.
contkel | ed at a high precision. As nentioned above, by the operation of the
phase contfol circuit 25IntHCRHA JIANRRY t RAERANAIRE RREAtIVighFiass &&FFert or
17 or the regeneratiye braking convertcg &6 I S %9 chaqged I n accordance
with the angul SPRFEPLCPYSEGHS AT ¢ pRrovided for the excitation curren

component signal ids represented by 84a of the primary
current which is DC and the torqgue current component
signal igs represented by 84b. When a given excitation

k,f /0 current component command value Ide* and the torque current
component command valge igs* represented by 95a ccrreséon&ing
to the error between the speed command value wr* represented
by 10a and the.speed signal wr represented by 5a are provided,
proportional control or proportional'and ihtegral control

/S is carried out for the respective current errors in individual
current control systems. Control to make the primary
current vector of the motor 1l eqﬁal to the primary current
reference vector is carried out by using generated primary
voltage command value 98a to 98c as manipdlated variable.

Ji These make it possible to carry out a high precision speed
control which is excellent in response. The slide frequency
signel pws represented by 86a is calculated by using the
primary feed back current of the motor 1. The spontaneous
value of the primary voltage of the motor 1 is provided in

2> accordance with the calculated signal. This also makes it

possible to carry out a high precision vector control which



1 as shown by the curve 120A in Fig. 20 to prevent the noise
ation at a | ow speed. Wien the output voltage is changed, the power
or_as'viewed fromthe AC power R-S-T is changed as represented by a
OB 15 of Fig. 31. On the other hand, when the energy savi ng conmand
Mt ed, the energy saving running corrmand relay contacts 24a are _
cl osee”and the contacts 24b and 24c are opened. \Wen the contacts 24c are
cl osed, the acceleration and 20 decel er %on command relays N3 and N4 are
not energlzed as nmentioned above and th peed conmand signal | Oa becones
the | ow speecdnesipsarawiatanents) afs ditee @ani viadendtu dix echa Fugrepitgdevice| n
accordance with this | ow speed command val ue, the voltage and frequency
control is cafyrimg dinansiante BiM&ircuit of Fig. 2 so that the output

frequency of the PWMinverter 29 is decrgased and th ot ati gnal, .speed of
t he notor 1 and the %I‘F% W&o geélfj'@q'ﬁ Zxc(rj % d29§| nce the

t 1 t | de { t { t h
rer:‘)f ?E:l enlcfl \(/:VIO?? r%o‘f e?‘aaﬁhﬁao\%wlw'n hgué’é:’g% I rékd %e%;e%ec t’ unlge%r [EEI gFLli P pad
the motor5 rpk Poivdl & .frf’ltﬂﬁ'@%ac%o%ed éﬂegf;ygetah%& %h%)é'?'ch.rsogh?:%hh@_ﬂcallv.

speed whih i's term ned e above- rrenti oné frequency. Energy
consunption |§og@§cgppe<@cggjthe Hi%H e@erarsdione braking. On the other hand,
t he output of the adder 21 is
As mentioned above, by the operation of the phase
control circuit 25, the output voltage of the power running
convertor 17 or the regenerative braking convertor 16 is

i? changed in accordance with the angular velocity wr of the o/
motor 1 as shown by the curve 120A in Fig. 20 to prevent
the noise generation at a low speed. When the output
voltage is changed, the power factor as viewed from the
AC.power R-S-T is changed as represehted by a curve 120B
{5 of Fig. 31.
| On the other hand, when the energv saving command
is outputed, the energy saving running command relay contacts
24a are closed and the contacts 24b and 24c are opened.
When the contacts 24c are closed, the acceleration and s
10 deceleration command relays N3 and N4 are not energized as ~
mentiéned above and the speed command Qignal 10a becomes the
low speed command value reprgsented by the curve 1l0a4 of
Fig. 14. In accordance with this low speed command value,
the voltage and frequency control is carried out in the

7% circuit of Fig. 2 so that the output frequency of the PWM

inverter 29 is decreased and the rotational speed of the



applied to the phase control circuit via the contacts 24a | C when the gain
anplifier 23 with a limter 23 becones high by closing of the
cts 24a. The synchorini zation angul ar velocity signal 24x becomes_
ner than that during usual operation as a result of this, and the out.
vol tage of the power running convertor 17 or the regenerative 15 braking
-convertor 16 changes as represented by a curve 121A of Fig. 30. The power
factor changes as represented bv a curve 121B of Fig. 31. That is, the
~power factor at a | ow speed becones hi ghe®3 han that during nornal
operation. As mo¢fsul tardf dH AuRNiOKedoRRWEL M RALOkagkNE §BPHL-FLULLERT 20
to the power running convertor 17 or tﬁ% regenerati vé braking convertor
i s decreased ssirdwittHdieiciyar is0Ron@es l1akdt BEm6QRVRLERbut BRaRGYEE Whi ch
is consunmed at power lines, filter power source (not shown) becones” | ow
Accordi ngly theheefdldgt adf tdhdsi redmei,n theeefficiehayt Relhonetepdpbcedshen The
system of the present invention is also applicable in the case where the
motor- 1 is opefe «rad®y Samakesr gedepcgotennter anhigheloa@t tha mdtahe AC
pome%ﬁsupply R-S-T. In this case the contacts 24a to 24c are used as relay
contacts whi ciFefates dferarodakionadr §ere bpshari bhaand syecadpbIRtion

source RS- T is used. as.the rgency .generator, If the energy_saving
. runni ng conmarthd éﬁﬁﬁ?bdstgggggﬁéﬁé?aggdtﬂﬁeﬁb?ﬁﬁ‘@ﬁﬁFb%ﬂ% FEPHIRRFY s
- commanded, t heLNey 0% FUIRETRLOYs decreased due to regenerative braking.

- On the other hand, the output of the adder 21 is

applied to the phase control circuit via the contacts 24a
N /¢ when the gain of the amplifier 23 with a limiter 23 becomes
high by closing of the contacts 24a. The syncherinization |
angular velocity'signal-24x becomes higher than that during
usual operation as a result of this, and the output voltage
of the power running cohvertor 17 or the regenerétive
{5 ©braking convertor 16 changes as represented bv a curve
121% of Fig. 30. The power factor changes as represented bv
a curve 121B of Fig. 31. That is, the power factor at a
low speed becomes higher éhan that during normal operation.
. As a result of the improved power factor, the input current
~ 20 to the power running convertor 17 or the regenerative braking
convertor 16 is decreased so that the conversion loss at the
convertor, the power which is consumed at power lines,
filter power source (not shown) becomes low. Accordingly the

effect of savings in energy is furthermore enhanced.



at energency operation would not only be |lowered, but.also U it would be
possi bl e to decrease the capacity of the enmergency generator due to
decrease in the primary current. As described above in accordance with the
&nY invention, the alternating current having a variable voltage and
uehicy which are converted by the inverter is 15 supplied to an
I nduction notor for driving the elevator so that the speed command val ue
when energy saving operation is connandgﬂéis | ower ed and t he out put
frequency of the inverter is |owered. Actdrdingly, the efficiency would not
be | owered even i fTheheysspeed tlie theseapdginvestiowes exlss capphdtatilbeirenre guse0
savi ng operation nmay be acconplished. @Since the output voltage of the
- convertor Weenendi@adedos 1t Hiss opieyatedhdYpoRe EMEREEHEYI FeRRBREPEIOANd t he
energy is furthernore saved, 35 CLAIMS 1. A s¥sten1for controlling the
speed of an-"HemEIRRdORy OfuthenACe PEVEF 0 S UBE ¥ h & Stfe cFBvERAF E&Foperate

i i de,, i i ch _syst direct c t .
i rect “cur PHIR GRS Sode ot e 5 USPn a8, FBISKNEGTIACAR BPRSPI RB° o
current FF)OV@; PG 2 e.‘éﬁ%?g%l?i'cgz \\%getr%@io nd f %%egey ByveF®aRE-8E an

. and t g po Fred t B an

I nverte e alternati'n rcan be supp
R-S-T is used as the emergency generator. If the energy

saving running command is adapted to be generated when

the emergency running is coﬁmanded, the energy consumption

at emergency operation would‘not only be lowered, but also
i lit would be possible to decrease the capacity of the "’

emergency generator due to decrease in the primary current.

As described above in accordance with fhe present
invention, .the alternating current having a variable voltage
and frequency which are converted by the inverter is

¢S supplied to an induction motor for driving the elevator so
that the spesd command value when energy saving operation
is commanded is lowered and the output frequency of the inverter
is lowered. Accordingly, the efficiency would not be lowered
even if the speed of the cage is lowered so that the energy
20 saving operation may be accomplished. Since the output
voltage of the convertor is increﬁsed at this time, the
power factor is improved and the energy is furthermore

saved.



i nduction notor so that .a cage can be operated by controlling the notor in

response to a speed command 10 val ue, the mnﬂn NER R  an energy
ﬂ' ﬂ]ﬂMﬂ"f&ﬂﬁthe el evgte

~saving node command unit for commanding the s

in the energy saving node; a | ow speed command "geher'at i"ngsci kcuit for

2

~generating a | ow speed command val ue, which is |ower than the speed co fnd
val ue, in response to a command fromthe energy saving node comand unit;
and a drive circuit for providing a drivi¥y signal which is fed to the

“inverter

in response to the | ow speed 20

driving signal is operative for varying the voltage and | owering the
~frequency of the alternating current power groduced by the inverter,

thereby to decrease the speed of the

nd to drive the notor

substantially w thout changing the slip. 36 2. The system for

~controlling the speed of the elevator as clainmed in claima1,

command val ue, wherein the

in which the

fow speed cogmng ggRELA' 0D CoRcHS il pMl PS Pt GITARL kiRl ch

' gradgglly i nCreases” or

decef€rati oncatrbhe 8Levatsr, séenappeie |dTddatdr tdin
| ower than the upper

5

\v-:'
10
15

.
20

ecreases on C ges | accel erationor .

energy saving mode, in which system a direct current
power from a direct current power source can be

converted into an alternating current power having a

variable voltage and frequency by means of an inverter,

and the alternating power can be supplied to an

induction motor so that a cage can be operated by

controlling the motor in response to a speed command

value, the system comprising:

an energy saving mode commaﬁd unit for commanding
the system to control the elevator in the energy saving
mode; |

a low speed command generating circuit for
generating a low speed command value, which is lower
than the speed command value, in response to a command
from the energy saving mode command unit; and

a drivé circuit for providing a driving signal which
is fed to the inverter in response to the low speed
command value, wherein the driving signal is operative
for varying the voltage and lowering the frequency of
the alternating curtent power produced by the inverter,
thereby to decrease the speed of the motor and to drive

the motor substantially without changing the slip.

WPt st PG Pr eset



limt of t ue at normal operation. 3. The system for
controlling the speed of the alternating current elevator as clained in

cl ai 'andmm miﬂ;'ﬂﬂ.ﬂmmd udi ng a speedecommand generating circuit
whicﬁEé} ad VRS b he speed conmand val ue which gradually

I ncredges or decreases on accel eration or deceleration of the el evator;
-sai d speed command generating circuit functioning as 15 said | ow speed
command generating circuit by decreasing 3he speed conmand val ue when the
. energy saving node conmand unit commands the sytemto control the el evator
in the energy saving node. 4. The systemfor controlling the speed of the
+ 20 alternating current elevator as claimed in claim3, in which said
speed commuand- geFee a8YsteR| facont1ql inge e sbesdmedndheuegervasbra gi ven
“value so that the upper linmt, of the speed cormmand val ue i s decreased when

- the 37 end® g§lained gl i hankp ithick Fhtadew sheed soamand cont r ol

" th I t i n_the, ' de. S. The. t f ol |i th

 Speed of t heatRetd PTG ARG, DER i, 2 n el CHAATS YO0 MRBEN 1 o o
whi ch sai d Sg@?&&?ﬂﬁ% @t&pgidég!rec&gés iJhcléh(;qﬁjerseiinstors for '

- gradual | y changi ng the speed conman
5 acceleration or deceleration of the elevator, the upper

limit of the output being preset lower than the upper

limit of the speed command value at normal operation.

3. The system for controlling the speed of the N\
alternating current elefato: as claimed in claim 1 and
10 further including a speed command generating circuit
which is adapted to output the speed command.value which
gradually increases or decreases on acceleration or
deceleration of the elevator;
said speed command generating circuit functioning as
15 said low speed command generating circuit by decreasing
the speed command value when the ‘energy saving mode
command unit commands the sytem to control the elévator

in the energy saving mode.

4. The system for controlling the speed of the

20 alternating current elevator as claimed in claim 3, in
which said speed command generating circuit clips the
speed command output at a given value so that the upper

limit of the speed command value is decreased when the



val ue, the change i.n the resistance of said fEETETBTS‘%S~eLLpped at a given
value and is outputed as the | ow speed do ﬂ n the energ saV|ng
node command 10 unit conmands the syst ” wﬂm el evat q tJ;le
energy saving node. 6. The systemfor controlflng d of th
alternating current elevator as clainmed in claim5, in which said speed
command generating circuit includes a 13 direct current power source, a
resistor circuit which is connected to said power. source, and a plurality
of contacts for gradually changing the resistance of said resistor circuit
by partially short circuiting the resistor circuit, whereby predeterm ned
contacts of said 20 contacts are not operated so_that the upper Iimt of
t he speed command val ue is clipped when the energy saving node conmand unit
comands t henep@t esaving aide|cdnivand anditocomhande eher gyssami 8g node.
38 7. The systemfor controlling the speed of the alternating current
-e1evator ascentiokdthia eleianad, im thie emesgyd sanvdngymodeed operati on
nqgnd unit includes contacts which close or open when the energy saving
nmode<h i s commanded, whereby predeterm ned contacts of said resistor

'short circujti n&gos“,}sa&éf or cro%r{dr%ﬁmg the speed of the

LA

alternating current elevator as claimed in claim 3, in
5 which said speed command generating circuit includes
resistors for gradually changing the speed command
value, the change in the resistance of said resistors is
clipped at a given value and is outputed-as the low
speed command value when the energy saving mode command
10 unit commands the system to control the elevator in the

energy saving mode.

6. The system for controlling the speed of the
alternating curreht elevator as claimed in claim 5, in
which said speed command generating circuit includes a
15 direct current power source, a resistor circuit which is
\uj : connected to said power source, and a plurality of

contacts for gradually changing the resistance of said

s e e

resistor circuit by partially short circuiting the

resistor circuit, whereby predetermined contacts of said
20 contacts are not operated so that the upper limit of the

speed command value is clipped when the energy saving o

mode command unit commands the system to control the

-~

elevator in the energy saving mode.
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~elevator as cl \“ﬁm\
cog;il.s are t

| noperative Lgﬁgggponse~f0”rﬁ€¢bpertion of the contactis of. said unit. 8.
The system for controlli speed of the 10 alternating current
Q@“ in which said resistor short circuiting

X felays having sol enoids, said energy saving

com¥hd contact$ being connected with an excitation circuit for the

predeterm ned sol enoids of said relays, 138 t he operation of the

- sol enoi-ds being rendered i noperative when energy saving node is comuanded.

39 9. A systemfor controlling the speed of an alternating current el evator
so that the el evator can operate in an energy saving node, in which an
alternating current power froma comercial alternating current power |ine
5 can be converted into a direct current power having a variable voltage
by means of a convertor, the direct current power can be converted into an
alternating current power having a variable voltage and frequency by an

i nverter. the.al ThenaYshem iRk cfontmeing +hs speed afyfhead to an .

i nduction notor, and,the notor c be controlled in.espaonse to.a speed y4
conmand val uBlE8rBPEIRF CUrESRE © %‘éa%%tﬁand;i%:ﬁfﬁ%eﬁérdﬁ savi ng’g

mode connandwﬁgéﬁ LgidcgggPGQ'ggved operation command unit includes

contacts which close or open when the energy saving mode
5 is commanded, whereby predetermined contacts of said
| resistor short circuiting contacts are rendered
inoperative in response to the opertion of the contacts -

of said unit.

8. The system for controlling the speed of the

10. alternating current elevator as claimed in claim 7, in
which said resistor short circuiting contacts are the
contacts of relays having solenoids, said energy saving
command contacts being connected with an excitation
circuit for the predetermined solenoids of said relays.

15 the operation of the solenoids being rendered

inoperative when energy saving mode is commanded. W

<



- the systemto control the elevator in the energngaving 15 node; a | ow
speed command generating circuit for generati

rﬁm eed command val ue,
which . is |ower than said speed comsand val ue, Im@ﬂﬂ”ﬁ"faw ng m)d@
c

conmand unit

I s operat ed; -40- a voltage cortral I ncreasi

S *

t he output voltage of said convertor above that before the operation of

sai d command
decreasing 5

unit is operated; and a frqugncy decreasing circuit for
t he out put frequency of sard inverter.in response to said

. I ow speed command val ue, thereby to decrease the speed of the notor. 10.

The system for controlling the speed of the alternating current elevator as
claimed in claim9 and furthernore including a convertor control circuit :
-whi ch 10 generates a driving signal to said convertor, an output of said !
vol tage control circuit being supplied to said convertor control circuit.

11. The systemfor controlling the speed of the alternating current

el evator as dai medystend dion Tontrollildnglthe speddvoft anecatvetnatimg rcuit
inclydes a first circuit which provides said convertor control circuit with

an owput at

5
N,

10

15
\./

qunrant cevatosn sandhatssbenelevatart cani epepatei iRsamaj d
energy saving mode, in which an alternating current
power from a commercial alternating current power line
can be converted into a direct current power having a
variable voltage by means of a convertor, the direct
curtent power can be converted into an alternating
current power having a variable voltage ahd frequency by
an inverter, the alternating current power can be
supplied to an induction motor, and the motor can be
controlled in response to a speed command value to
operate a cage. the system comprising:

an enerqgy saving mode command unit for commanding
the system to control the elevétor in the energy saving
mode;

a low speed command generating circuit for
generating a low speed command value; which is lower
than said speed command valué, when the energy saving

mode command unit is operated;



convertor control circuit with a high voltage output during the energy
savi ng rmﬂ u jﬂl llllwll u 12. The systemfor controlling the speed of an
aLt:ﬁﬁfIi " r as claimed in.claim111 in which said voltage

conﬁﬁy- circuit turther includes swtching nmeans for selectively connecting
said convertor control circuit with said first and second circuits so that
the 25 out put to said convertor is”gupplied fromsaid first or second
circuit by said sw tching neans. -41- 13- The system for controlling the
speed of an al ternat hNgot¥hgENEoRLEYA! 81 ratit! FoReinbResh hgh 4Rei N Whi ch
said switching neans is provided by switching contacts between said first
and secondoGikphdi ¥61t8gedos\Wsheai Bgneaptaet sbbve thaBNBeEbRE &Red convertor
driving circurt with said first and second circuit during normal and energy
savi ng nodeperaspent ofebyidldomplandsyaienmisoopepatedil i ng the speed of the
alternating current elevator as clained in claim13 in which 10 said
first and second cirendts fregpencydddcveshingcoimandti f9dt decreasingd
first circuit being adapted to directly output the input fromthe common;

i nput 3 inthsaPut9é§oﬁne§u¢§QYt°§eEﬁédaéaﬁeéaetoianEFSP9nﬁﬂetPnﬁaidfl@ﬂ?ﬁ

[ nin lin n h | ifi i :
said CQnnDspeeguLommagdavglgg}F%gé;ébfaéﬂn%ecrégle Q%%tspeed of ;he motor.

10. The system for controlling the speed of the
alternating current elevator as claimed in claim 9 and
furthermore including a convertor control circuit which

10 generates a driving signal to said convertor, an output ' \_J
of said voltage control circuit being supplied to said
convertor control circuit.

11.  The system for controlling the speed of the
alternating Current.elevator as claimed in claim 9 in which

15 said voltage control circuit includes a first circuit which
provides said ccnveftor control circuit with an output at
normal operation and a second circuit which provides said
convertor control circuit with a high voltage output
during the enebgy Qaving mode.

20 | 12. The system for controlling the speed of an

| alternating current eleﬁator as claimed in claim 11 in which
said voltage control circuit further includes switchinq
means for selectively connecting said convertor control
circuit with said first and second circuits so that the

25 output to said conéertor is supplied from said first or

second circuit by said switdhing means.



15 15- , The.system for controlling the speed of the

alternating cirrent elevator as clained in cl ' ' ai d anpl 4
includes an anplifier with a limiter which anﬂlmmﬂ"mnmmt hereto .
saturates the same at a given value. 20 * ¢ L1@ The*system f /"
controlling the speed of the alternating current elevator as clained in
claim15 in which a predeterm ned constant signal and a signal generated by
a synchroni zation angul ar velocity signal -are inputed to said conmon i nput
line. 25 13- Trhe systtem ffor controllling tthe Spesd of ame
alternating current elevator as claimed in claimlt_in which -42- said
first circuitaltexpating enirenpareliduatoy @8 Haisedid GYadR (12 48 whichst
and second circuits being connected with contacts respectively, saig
contacts bei ngpidiapttrhinaneantds, aupvddede bé(néwdﬁ@r’f‘,l%é‘r"é%fcttﬁ Stwges

out the selectiy onnectipon of both circuits t.q sai.d canvertor cqntrol
CGircuit.. 18.5%t yé%’é?ﬁf%‘?doc?ﬁﬁq"tﬂ 13T YRS s RA (?F’”&ﬁ%ntgeﬁ?é’tti Scurrent

I 1 h he, el i, , . ' . h
oyet o Bei ng GORReT T A ISPrRE e, A N BT P Bl s
Figures 2 and, 4 of FlgWHS2A ¢ Caudtninobll 266 UMRALY 'sB¥ing modes

respectively.

4.  The system for controlling the speed of the
alternating current elevator as claimed in claim 13 in which

10 said first and second citcuits are provided with a command
input line, said first circuit being adapted to directly
output the input from the common input line, said second
circuit being adapted to amplify the input from said common - -
input line and outputs the amplified input.

15 15. The system for controlling.the speed of the
alternating cirrent elevator as claimed in claim ¥ in which
said amplifier includes an amplifier with a limiter which
amplifies an input thereto and saturates the same at a given
value.

- 20 16. The system for controlling the speed of the
alternating current elevator as claimed in claim 15 in which

-;’ a predetefmined constant signal and a signal generated by a

synchronization angulér velocity signal are inputed to said

common input line.

25 17. The system for controlling the speed of the

alternating current elevator as claimed in claim 1t in which



dr awi ngs.

©

10

A .

~42-
said first circuit is connected in parallel with the
second circuit, said first and second circuits being
connected with cbntacts respectively, said contacts being
adapted to alternétivgly close and open, whereby to carry
out the selective connection of both circuits to said
convertor control circuit..

18. A system for controlling the speed of an
alternating current elevat_:or- so that the elevator can
operate in an energy saving mode, the system being
substantialiy as described herein with ref‘erenée tgf‘

Figures 2 and 11 or Figures 2 to 3_.1 of the accompanying

drawings. L e

&)




