ELEVATOR DRI VE APPARATUS USI NG A TRACTICN—TYPE REDUCTI ON GEAR. Thi s

invention relates to a drive apparatus equi pped with a drive nechani 5r511
{F%ving a traction-type reduction gear,

e |ike.

[ylve

_drlve frechani sm havi ng a t oot hed-wheel reduction gear, with an el I C
mat or connected to the input shaft and a driyve sheave connected to the
out put shaft of the reduction gear -and with a hoisting rope for noving
an el evator car
‘produce consi der abl e noi se an@LEVATOR i DREVEVAPRARATUS t kN ted to the

buil ding in which the elevator is provided, resulting in a deterioration of
the l'iving and working-envi row&ﬁgﬁﬂﬂﬂﬂ_&ﬂher, noi se and |

reeved about the sheave: However, geared reduction devices

vibrations are transmtted via the. hoisting rope to the i °~ el evator car,

with the result that.

to an unpl easant sensation. It is the object of the present invention to
provide a drive apparatus which does away w th the above-descri bed

dr awbacks of conventional drive apparatuses, operating silently wthout
vi brations.

apparatus of great safety.

it is a further object of the invention to provide a drive
These two objects are acconplished by equi ppi ng

the drive apparatus withyg ! r;%%teh%QoEyPelaée%d%%t '208r1v8°Hpd A et RLARE LR

with an

with a drzve.mechanlsm having a traction-type reduction
gear, for use in elevator apparatuses and the like.

Drive apparatuses for elevators are frequently
equipped with a drive mechanism having a. toothed-wheel reduction gear,

with an electric motor connected to the input shaft
and a drive sheave connected to the output shaft of the
reduction gear "~ and with a hoisting rope for moving an
elevatqr car reeved about the sheave. However, geared
reduction devices produce considerable noise and vibrations
which are transmitted to the building in which the elevator
is provided, resulting in a deterioration of the'living and
working environment in the building. Further, noise and
vibrations are transmitted via the. hoisting rope to the
elevator car, with the result that the passengers within the

elevator car are subjected to an unpleasant sensation.

It is the object of the present invention to provide
a drive apparatus which does away with the above-described
drawbacks of conventional drive apparatuses, operating

silently without vibrations.

for use in elevator apparatuses and
apparatuses for elevators are frequently equi pped h a:

the passengers within the el evator car are subj ect ed



5 abnormal ity detection device and a control device. The traction-type

reduction gear produces snmooth, quiet transm ssion of power froman - .. .

elCEELiC motor to an elevator drive sheave. The abnotnality detection -
n

de detects when slippage occurs in the reduction gear, and the.. .
contfol |o device safely brings the elevator to an enmergency stop in.the - —
event that slippage occurs. These and ot her objects of the present. ' ?{

invention will beconme clear upon r®&ading the follow ng description and
studyi ng the acconpanying drawings. Figure 1 is a cross-sectional profile
of an el evator gpposad UBartnes bpjece ehixid NMewention € ipddgdappar at us
according to the present invention. Figure 2 is a partial cross-section of
t he appaixzites apbaragis of] greal safety s offhese tWwghobiects e 1. 20

Figure 3 is a_bl ock diagranlshomdng t he connection between the abnormality

det ect | AFAMELESRER PY FHLIPEIIoFRE X LifS \APRGTASPEr ¥R &f Figure 1. Figure
4 is a ¢ Is gL a %f n_abno Q?éif&’éngTﬁéE deyi qgfor use the the
enbodingk%%#ﬁFﬁst?g%eghiHcgfoﬁiguﬁe . e_ownggﬁe %%%o I ment of the _
presgnt duneemhl 9By Wdtedidhedeklibedams dIRmtirdlageeioyat ofheapparatus, while
referring to Figures 1 through 4. In the figures, reference nuneral 1
i ndi cat essaztiehetppor rdueé inrchageamproduces smooth, quiet

transmission of power from an electric motor to an elewvator

drive speave. The abnormality detection device detects when

slippage occurs in the reduction gear, and the control

j0 device safely brings the elevator to an emergency stop in
the event that slippage occurs.
These and other objects of the present invention

will become clear upon reading the follbwing description and

studying the accompanying drawings.

iy Figure 1 is a cross-sectional profile of an elevator
apparatus showing one embodiment of a driving apparatus
according to the present invention;
| FPigure 2 is a partial cross-section of the apparatus
of Figure 1 as viewed from the right of Pigure 1.
20 Figure 3 is a block diagram showing the connection
between the abnormality detection and control'portions of
the driving apparatus of Figure 1.
Figure 4 is a circuit diagram of an abnormality.
detection device for use the the embodiment illustrated in

15" Figure 2.



2is a traction-type reduction gear which forns one of the principal

parts’ of the drive nechanism1.- 2a iss the housing of the reductio gear
L~ 2b is an_input shaft rotatably nmounted in the lo housi ng 2a. aqx
first roller secured to input shaft 2b which acts as the sun roller t he

reduction® gear 2. 2d is an output shaft rotatably mounted in the housing
22~ 2e represents support plates di sposed gngﬁpe end of the output shaft 2d
and | ocated within the housing 2a. 2f represents roller shafts rigidly
secured at right angles to support plates 2e, |located parallel to and

equal ly separated fromthe cylindrical surface of the first roller 2c. 2g
Is a frictional body secured inside the housing 2a having a cylindrical
inner surface. 2h represents second rollers rotatably attached to roller
shafts 2f and pressed agaPmiewi ene\ambedimenat ofirfhecPresenheimmention will

roller 2c and the inner cylipdrical surface of the frictional on 29.
These second rol | f% cgﬂ:e 529l d‘fﬂ/an?fﬁ‘f?an&p!pﬁfaggsab'glh % he sun
the i nput shaft 26 555 aedntd of Sl R PEalt Shatt Ts rotated. 4 is a
drive sheave rigidly conngatefle tfiduresQuirpBérence numeral 1 indicates an
5 .elevator drive mechanism.
2 is a traction-type reduction gear which forms
one of the principal parts of the drive mechanism 1. -
2a is the housing of the reduction qear 2.
2b is an input shaft rotatably mounted in the
lo housing 2a.
2c is a first roller secured to input shaft 2b which
acts as the sun roller of the feduction gear 2.
2d is an output shaft rotatably mounted in the
housing 2a. |
iy 2e represents support plates disposed on one end of
- the output shaft 2d and located within the housing 2a.
2f represents ro;ler shafts rigidly secured ét right angles
to support plates 2e, ioc#ted parallel to and equally
separated from the cylin§gical surface of the firét roller
a0 2c.
2g is a frictional body secured inside the housing
2a having a cylindrical innerlsurface.
2h rep;esents:second rollers rotatably attached to roller
~shafts 2f and pressed against the cylindrical surface of the

-

2y first roller 2c and the inner cylindrical surface of the
frictional body 2g. These second rollers 2h act as planetary

rollers and rotate about the sun roller, first roller 2c.



' ¢
shaft 2d. 5 is a hoisting rope reeved about the drive sheave 4. 6 is an

el gvator car suspended fromone end of the hoisting rope 5. 10 : 7 -
IS ount erwei ght suspended fromthe other end of t'he hoisting rope S. 8 N~
‘is irst rotational speed detector of the type well known in the art-

whi ch neasures the rate of revolution of the input shaft 2b and produceSgng
out put voltage 15 corresponding to this rate. 9 is a second rotational s
speed detector also of the type wel *known in the art which detects the

rate of revolution of the output shaft 2d and produces an output voltage

corresponding t0 § S Jhalfuct?lc motor wnicdUd SoRReAUIOLBELLG Y det ection

devi ce which conpares the outputs fromt I rst detector and the second -
det ect or YnpamdsHilfd 2ba bpmiecaak ofwbhiehwbhe hinpatagidftatied by t he

abnornmal ity detection device 10 when the |latter determ nes that the

di fferencEdsdERen the outputs of first 2 5 detector 8 and second

detector 9 Talls pulsskdgffe n0EAESNCIELPLLARAELs dNRHAPGEGION Of Lhe

drive apparatus is as ows en electric notor 3 is activated, it
rotatgs i nguaeshasft 2b. This rotation is transmtted to the output shaft 2d
t hrough the action of the first roller 2c, the frictional

S is a hoisting rope reeved about the drive sheave
4.

6 is an elevator car suspended from one end of the
hoisting rope 5.

10 7 is a counterweight suspended from the other end of
the hoisting rope S.

8 is a first rotational speed detector of the type
well known in the art which measures the rate of revolution
of the input shaft 2b and produces an ocutput voltage

1S corresponding to this rate.

' 9 is a second rotational speed detector alse of the
type well known in the art which detects the rate of
revolﬁtion of the output shaft 2d and prodﬁces an output
voltage corresponding to this rate.

20 | 10 is an abnormaiity detection device which compares
the outputs from the first detector 8 and Ehe second
detector 9, and 1l is a control device which is activated by
the abnormality detection device 10 when the latter |
determines that the differance between the outputs of first
2.5 detector 8 and second detector 9 falls outside of a
predetermined range.

The operation of the drive apparatus is as follows.

When electric motor 3 is activated, it rotates input shaft

-2b. This rotation is transmittad to the output shaft 24



body 29, and the second rollers 2h. Nanely, when first roller 2¢-t§ rotated
by the irdput shaft, traction. between the various rollers and t f w
frictional body 2g causes the second rollers 2h, which act as pl&hetary -
rollers, td rotate about first roller 2c, which acts as the sun r1oller. The
_rotaflon ‘of second rollers 2h is transnmitted to the out put shaft 2d by the
"Skafts 2f and the support plates 2e, and tshe output shaft is rotated in 10
the sane direction as the input shaft but at a slower rate. Thus, the

traction-type reduction ear 2 is a reduction gear. The drive sheave 4
i s thereby rotatglroegh Qﬂ?eaégéi?at@? the f3rafdrehber A dhfefghetonak
noved by the 15 hoi stin ro e I n aII op site directions. The
transm ssi on andPPRE &va esp %%EF St ggrried out by reduction

gear 2 consisting of fi fn% &gléloggegc usse&%qlteel bsuzmot%tt%@ bystﬁ@rmﬁ&

out by tractive force, |ng y an el evator producing little in the

way of 20 vibrat lsﬁﬂﬁtﬂﬂ&d&l;&ﬁ betedémi tird vtheuare@nm tayde the reducti on

gear 2 can operate only when there is sufficient tractive force between the
various rol lgrs &nidctimndl ibodiyolal chuesss the Eabguﬂomllsenﬁe@@oeuhmh adFtasi on
of the rollers, for exanple, occur, bet we thgﬁrollers

2
of the reductio@s Pl%aryaﬁﬂlﬂ-?gasﬁ?%s‘i%?t&f afprt vELGS &€ ecneeh
difficult or |npos |b| P {8t cqﬁF §1§A| #“Hgééﬂﬁu&gligfyléh'n
Fe s, T4 :

the el evator car 3§Ff SWh- the & foro8hart- as a resu t he
output shaft 2d pgt eir.amuat@apeadeﬂélau@ﬁutt Qﬁafﬂpﬂ& P afe dpafts 2£ and
the support plates 2e, and Ehe output shaft is rotated in
jo the same direction as the input shaft but at a slower rate.
Thus, the traction-type remxmion' gear 2 is a reduction
gear.
The drive sheave 4 is thereby rotated, and the
elevator car 6 and the counterweight 7 are moved by the
S hoistihg rope in mutually opposite directions. The
transmission and the change in speed which is carried out by
feduction = gear 2 consisting of first roller 2¢, second
roller 2h, etc., is carried out by tractive force, and
accordingly an elevator producing little in the way of
190 vibrations and noise is obtained.
The traction-type reduction  gear 2 cAn operate
.only whenlthere is sufficient tractive force between the
various rollé;s and the frictional body. 1If friction is
raduced by abrasion of the rollers, for example, slippage
15: will occur between the rollérs of the reduction gear, and
transmissign of motive force will become difficult or
impossible. In the worst case, this slippage could result
in the elevator car sliding freely down the elevator shaft
as a result éf the output shaft 24 rotating independently of

3p ‘the input shaft 2b.



c
For this reason, first and second rotational speed detectors 8 and 9, .
abpornmal ity detection device 10, and control device 11 are provided in this

' apparatus. First detector 8 detects the rate of rotation of the input
aft 2b and produces a correspondi ng vol tage. Second detector 9 likew se
ces a voltage corresponding to the rate of rotation of the output, '
shaft 2d. As shown conceptually in Jﬁgure 3, these two output voltages arér.
applied to the abnormality detector 10, which conpares the 10 voltages.

When the difference between the voltages falls outside of a predeterm ned

| evel , indicatingFehdihishEerspnn LRkt and sar@nehectrfinmlsAa®ed 2d are
rotating i rijsogat i goko Ski I S curring i-n the
reducti ona&et(lg‘e?ggggé,) %'{r?egéb%%éna ?'t?&dg?teéc#?tgﬁ Bé‘e]lp%gqfd iggact i vates 't he
control desdnggolldedivrd lachiy agrshidelieis ofHiisodrdeni gpakhtaauses the

el evator to nake an energency stop at the nearest floor and issues an .
al arm Fi gicst4derentrrofedeledisl chef rate ol otatben of dbmoinedt ty detection
devi ce,_ consi.stipg. of a conparator 20 rtion.12, an absolute val ue

produc?i o q‘ﬁ&?’t Pgna%?r&%&c st%rcecgﬁSFB"'g‘%t'@ctvf%ﬁa%%‘rtisa °T§. In the figure,

VT8 is thesddalchll ¥0likagesef pfddutlesdgt @61« ged corbesdbdaing’ €90FHd ONal to the
rotational speed of input shaft 2b and V 1is the output voltage of second

T9 25 det emstter of, rokatdion of privprutpyhashals 2de Aatshain rotation of

conceptually in Figufe 3, these two output voltages are

applied to the abnormality detector 10, which compares the
jo voltages. When the differénce between the voltages falls

outside of a predetermined level, indicating that the input

shaft 2b and the output shaft 2d are rotating at |

.disproportionate rates, i.e. that slippage is occurring in

the reduction a gear 2, the abnofmality detection device 10
 activates the control device 11. When activated, the
control device”ll éauses the elevator to make an emerqenéy
stop at the near;st floor and issues an alarm.

Figure 4 shows one éxamplé of a circuit for an
abnormality detection deviée, consisting of a comparator
20 portiom 12, an absolute value production portion 13, and a
threshold detection portion 14.

In the figure, Vg is the output voltage of first
detector 8,'which is proportional to the rotationél speed of
input sﬁaft 2b and VTQ is the output veoltage of second
detector 9, which is proportional to the rate of rotation of
output shaft 24. Vg and'v,‘r9 are arranged in the
circuit so as to be of opposite polarity. VT8 and v T9
are applied to the inverting terminal of a first op-amp 15
through resistors Ry and Ry.  (Ry through Rio afe.

30 all resistors). The output voltage VOUT of first op-amp



dut put shaft 2d. VIS and VT9 are arranged in the circuit so as to be of

opposite‘polarity. VIS and V T9 are applied to the inverting terminal of a
first op- anp 15 through resistors [err]. (Rl through R10 are 30 all A
resi;stQrs).” The output voltage VOUT of first op- anp 15 is [err], L
[err] are chosen so that [err]is normally 0. This is possible becaus When

the€re is . no sli ppage in the reduction Jear, the rotational speed of

i nput shaft 2b is a constant mul tiple of the rotational speed of output
shaft 2d. If the st pyt ?jlgfzur Sty, ¢n§c1prana Rf andieg | y proportional
ta the speed of the inp ut b and i f"the output VT9 of second detector

9 is linearly properﬁl‘?ﬂ?eﬁent 8otthas Yeed bF nAF®add¥plt shaft 2d, then [err]
10 will be a constant nul igple; of deiibha bR BRes 4RSS OKS Wil ppage

Thus,[err] equals a negative cornstant IS negative since

[err] and VT9 are ofinopposeb@tpsd ari ty;ear[eérre] rotatfofdbDspreduch irdpatt [err]
-[err]d accordingly [err] is O when there is no slippage. However,
sl | ppage occur sy i nshagt t3nadsi arcengientefutinke ofgele rqq‘?é’-Pé?]atﬁRﬁ%‘hPS

between [err] 20 cha e, and Wi | e on-z For arrpl e,
if the input shaft \é\%%‘f% §g|%{§ duI\eéaéTes?u?paggrStﬁg éc}lﬁsg 8ete°t°r s
linearly proportional to the speed of the input shaft 2b and

if the output VT9 of second detector 9 is linearly

proportional to the speed of the output shaft 24, then VTs

10 will be a constant multiple of VT9 as long as no slippage

occurs. '
Thus, VTS/VTS equals a negative coastant, -N,

which is negative since VTS and Vpg are of opposite
polarity. Rl and R, are chosen such that

'y Rl/R2 = -VTS/VT9 = -N, and accbrdingly
Vour = -R3(VT8/R1 + VT9/R2) is 0 when there is
no slippage.

However, if slippage occurs in the traction-type

T8

20 will change and VOUT will become non-zero. For example,

if the input shaft_begiﬁs to lag due to slippage, the output

reduction . gear, the relationship between V.o and Vpq

Voo

-VbUT will go negative. Alternatively, if the output shaft

begins to slip and rotate freely due to the torque applied

of the second detector will decrease in magnitude and

25 on it by the drive sheave 4, the output V will increase

T9

in absolute value, and Vv will go positive.

ouT

VOUT is applied to the input terminals of a second

op-amp 16 and this second op-amp 16 outputs a positive

voltage proportional to the absolute value OEIVOUT‘



err]f the second detector will decrease in magnitude and [err]Jwll, go

ative. Alternatively, if the output shaft begins to slip and rotate ’

[

n

f |y due to the torque applied 25 on it by the drive sheave 4,:the
0 gt [err]ill increase in absolute value, and V QUT will go positive.
i

pplied to the input terminals of a second OUT op-anp 16 and this ‘sec

op-anp 16 outputs a positive voltagge proportional to the absolute value

s
Vi

[err] The | ast part of the circuit is a threshold detection portion 14.

When the output of the second op-anp 16 exceeds redeterm ned val ue,
correspondi ng to &M¢ekash Raﬁﬁo?rﬁtt?‘ﬁf SEFFHadE &t ﬁﬁpié'ﬁ’g'ld

unexcited re

di ode 17 begins to
conduct, 5 AYIN}! t h@NSig , ' len r I L,8Ss normal |y
e ol 1S e (9 o b b oo bR 00

(not shown§é rexceeds i gpradet srninah vaee ¢ ordnreispdeding thl a aadtdive el evat or

Is thereby controlled. By appropriately choasing the resistors, the 10

pr edet er ni #rANDFaPEes biPnage  sSERY ALIES- dhpdeitl WHEEMNE he tGeRARFEtor 18 turns

on can.be sel,al 8AY dasldiglol APl waiah! &2
€ spee ge g

i
amount ® of I ppage Tn chan ear. The contr

Qﬂci%g’"os'ﬂgklﬂaﬂya large

evice 11 is not

descri bed fgd@itadlpeldietcaiil, 19Ut wHay Beciuud denieceomdiadthest ype wel | known
in the art which when activated can control an elevator drive nechani sm so

as to makerakrvesoigekty notoghefn tife theefiause) turns on the control
| dgvice 11, and the elevator is'thereby controlled.
By appropriateiy choosing the resistors, ﬁhe
10 predetermineé value of the second op4amp at which the
transistor 18 turns on can be set at any desifed level,
corresponding t§ a small or a large amount of slippage in
the speed change gear,
The control device 11 is not described here in
i detail, but may be any device of the tybe well known in the
art which when activated can control an elevator drive
mechanism so as to make an emergency stop of thé elevator
car at the nearest fioor and issue an alarm.
The above-described drive apparatus of course has
A0 the advantage that it is quieter and produces leés
. vibrations than a.drive'apparatus'using a toothed-wheel re-
ductnrigear,'but.it also has the advantage that a

traction-type reduction gear is cheaper to manufacture.



éar at the nearest floor and issue an alarm The above-described drive
apparat us of course has 20 the advantage that it-is quieter and p uces
\ ess vibrations than-a drive apparatus using a toothed-wheel re- fone:,.
gear, hut i‘t- al so has the advantage that a traction-type reducti gear
8" cheapér to manufacture. 9 1. Adrive apparatus for elevators
‘BQAprising: a traction-type reduction gear having an input shaft and an
output shaft; an electric notor connected to said input shaft and 5

di sposed so as to rotate the input shaft—a—++st—detector neans for-
detecting the rate of rotation of said input shaft and for producing an

out put corresponding to said rate of [ m rd det ect or means for
detecting the rate ofe i@ugotation of ﬂmﬂ]mﬁ I‘ﬂlmgmand for producing an
out put corresponding to the rate of rotatiort o s&id*output shaft: an
abnormal ity detection device coupled to sai.d first and second detector
means for conparing the 15 outputs of said first and second detector neans

and for generating art-el RcHFiVEaPPRATAINS KRENS 191t s f ARRFAS 1BEE ween sai d
oLt S el outstde 2 Rregaohl B MGG A Gl RN R PR YRR 1O
and an output shaft;

an electric motor connected to said input shaft and

5 disposed so as to rotate the input shaft;

‘a.first detector means for detecting the rate of
rotation of said input shaft and for producing an output
corresponding to said rate of rotation;

a second.detector means for detecting the rate of

10 rotation of said output shaft and for producing an
output corresponding to the rate of rotation of said
output shaft; |

an abnormality detection device coupled to said
first and second detector means for comparing the

15 outputs of said first and second detector means and for
generating an electrical signal when the difference
between said outputs falls outside a predetermined
range; and o

a control means coupled to said abnormality

20 gdetection device and responsive to the electrical signal
generated by said abnormality_detection device for

controlling and stopping said drive apparatus.



Fad
20 detection device and responsive to the electrical signal generated by 1
abnermality det ecti on device for- controlling and stopping said drive
z@at us. 2. Adrive apparatus as clai HEW| n said N
t tion-type reduction gear is of the planetary roller type. 3. ‘A, dhkve’ :
apparatus as claimed in claim2 wherein 5 sai eductlon ;‘E*f
gear conprises: a housing; a frictionalygody hgmﬂgmt“m\mﬂﬁm: inner W
surface secured inside said housing; a first ru gindl y sedured to said
i nput shaft 10 and contained within said housing: a roller shaft rigidly
secured to said output shaft; and a second roller rotatably nounted on said

roller shaft inside said housing between said first roller and 15 said
frictional baody so . as to be in rolllﬂ contact out er surface of

wth th
said first r@rie? Hhide ARPAFHES &5 F eé’almsﬁH’d'tg g%1‘?’tf‘fri cti onal

body. 4. El eugt@reAdei@nabpsd aledtict SobSfaant ial by a% B@aséfh;qﬁscrl bed with
reference to the acconpanyl ng draw ngs.

roller type.

3. A drive apparatus as claimed in claim 2, wherein

5 saia traction-type reduction gear comprises:
a housing:
a frictional body having a cylindrical inner surface
secured inside said housing:
a first roller rigidly éecured to said'ipput shaft
100 and contained within said housing;
a roller shaft rigidly secured to said output shaft:
and |
a second roller rotatably mounted on said roller
shaft inside said housing between said first roller and
15

said frictional body so as to be in rolling contact with
the outer surface of said first roller and the inner

cylindrical surface of said frictional body.

4, Elevator drive apparatus, substantially as herein

described with reference to the accompanying drawings.




