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me present 1nvention relates to a earrle
lifting apparatus.
Prior Art

As a conventional automated warehouse, there
has been known an arrangement as follows: That is,
the known arrangement includes a pair of front and rear
rack devices provided in a predetermined SPaced relation
in a longitudinal direction and having a number of article
storage shelves in every direction, and a stacker crane
provided laterally movably between said front and rear
rack devices, said stacker cranelhaving a running truck,
a carriage provided movably up and;dewn along a mast
provided on said running truck, and an article transfer
device (for example, a slide fork provided slidably |
in a longitudinal direction) provided on said carriage,
a driving device for said carriage comprising a winding
drum rotatably provided with a diametrically central
part thereof directed in a longitudinal direction with
respect to the running truck or the mast of the stacker
crane, a lifting rope which is secured to one end of
the carriage, extended over a wheel at the upper part'
of the mast and thereafter the other end thereof belng
secured to sald w1nd1ng drum (in thls spec1f1catlon,
the term "rope" refers to a flexlble lengthy materlal
such as E;thln, gﬁtfgréae, afbelt, etc.), and a

rever51b1e motor for rotatlng sald winding drum.

This Sheet Has Been Reilaoe

U

[ -1 -



\\

has been’known an arrangenent as follows: That is, the known arrangement

I ncl udes a pair of front and rear 10 rack devices provided in a
predet erm ned spaced relation in a |ongitudinal direction and having a
number of article storage siteewrvendianaldidrdstingn dairere L2adh® crane
provided | aterally novably between said front_and rear rack devices, said

stacker crane havig®yriagmiiady thaidellpying HR3dvapFansii d $5V554y up

and down al ong a mast praqvided on said runni truck,_and article
transfer device (fOMS&dme &1tiNg FPRDP &:}%/ic @952 i ° frerely

| ongi tudi nal direction) provided on, sai arrja | Vi | ce

said carriage con‘pﬁ‘?’%"f%fif'pefovﬁ%giq}% ca Pagce: WeYavd B ' A PRVALE {2
' 5 the vertical vibrations generated when the carriage
is stopped due to the inertia of the carriage or the

liké are damped. However, this poses a great obstacle

for the recent highspeed operation and for shortening

the operation time.

10 SUMMARY OF THE INVENTION
It is an object of the present invention to
provide a carriage lifting apparatus in which vertical
vibrations generated whep the carriage is stopped is
quickly attenuated.
15 i For overcoming the éforementioned disadvantages,
the present invention employed the following means.
According to the present invention, a
vibration-damping device is interposed between a carriage
and a lifting rope.
20 The vibration-damping device comprises a spring
extended in a compressed state between a spring shoe
on the lifting rope side and a spring shoe on the carriage
side located above the first-mentioned spring shoe,
and a damper extended between the spring shoe on the
25 lifting rope s;de and.phe spring shoe on the carriage
| side,.and upper an&Jié§er ends qf the damper are pivotaily
ggugﬁed,on the spring shoe on the lifting rope side
aﬁd the spring shoe on the carriage side.

-

The present invention- has the following function.
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20 = druﬁ1rotatab|y provided with a dianetrically central part thereof
directed in a longitudinal direction with respect to the running truck or
tthe mast of the stacker crane, a lifting rope which is secured to one end

of the carriage, extended oyerig pbeelibak tbequipRlypaktteddateoftheh&dfmsical
and thereafter the other end thereof being secured to said winding drum (in

this specificati onibtheibasnvfr epe’ caettaget gedelrheridbivheneiiehyaretagieal
such as a chain, a wire rope, a belt, etc.), and a reversible notor for
rotating said w ndsngtdpped.

BRIEF DESCRIPTION OF THE DRAWINGS
5 Fig. 1 is a simple plan view with an intermediate
part omitted showing an embodiment of the present invention;
Fig. 2 is an enlarged sectional view with
an intermediate part omitted taken along line II-II
of Fig. 1;
10 Fig. 3 is an enlarged sectional view partly
cutaway of A portion of Fig. 2;
Fig. 4 is a sectional view taken on line IV-1V
of Fig. 3;
Fig. 5 is a §iew showing a model for analysis
15 of a vibration-damping device;
Fig. 6 is a graph.of amplitude of a carriage;
- Pigs. 7a and 7b are first vibration simulation
graphs of the carriage;
Figs. 8a and 8b are second vibration simulation
20 graphs of the carriage and
Figs. %a and 9b are third vibration simulation

graphs' of the carriage.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
The present invention will be described by
25 way of an embodiment with reference to the drawings.
In the specification, "front" designates a lower side
in Fig. 1, "rear" designates an upper side in Fig. 1,

"left"” designates a left side in Fig. 1, and "right"
This Sheet Has Been Reilaced
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2 Thee conventional driving device for the carriage had the foll ow ng

di sadvantages. That is, since the lifting rope on the carriage side is
nerely connected to the carriage, we have to_nerely wait till 5 t he
vertical vibratiof8S§enatased whehtt aédeaipi B4€-i & stopped due to the
inertia of the carriage or the |ike are da

eqd. However, .thi,s poses a
great obstacle for the receﬁtPﬂF§h§5e§H°BngﬁaiSﬁa§anF3rd§HBFF%nﬁn§the

operation time. 18too§UQg@§§hEFogH§hLN¥ ygkcgurface so as to provide

a space for a stacker crane passage 10.

5 The rack devices 1 have a number of stanchions
2 on the front side arranged to left and right in a
predetermined spaced relation, stanchions 2 arranged
at the rear of and in a predetermined spaced relation
with the stachioné 2 on the front side, and a number

10 of article supporting members 4 provided in a
predetermined spaced relation heightwise of said front
and rear stanchions 2, the pair of left and right opposed
supporting members 4 constituting article storage shelves
3 without interposing the stanchions 2. A fork paséage

15 gap 5 for allowing a slide fork 17 (which will be
described later) to move up and down is constituted
between the pair of left and right article supporting
members 4.

Inlet~-and-outlets 6 for the article storage
20 shelves 3 of the front and rear rack devices 1l are Opposed

to each other.

Inlet/outlet roller conveyors 8 with a carrying
direction directed in a lateral direction are provided
on the left side of the rack devices 1.

25 A well known article 1lift (not shown) is

provided on the side of the inlet/outlet roller conveyor
8. The article 1ift has a carriage that can be moved
up and down by a well known lift below the roller of
the inlet/outlet conveyor 8, and a pair of supporting

30 frames stood upright on the carriage and located between
~ This Sheet Has Been Reﬂlaced
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It is an object of the present invention to provide a carriage lifting
apparatus in which vertical vibrations generated when the carriage is

st opped is quickly attenuated. 15 For overcom ng the

af orenent i oned di sadvenilages, ofhehpr tskeat /ouvbet i coneepboyed. t hghé&ol | owi ng
means. According to the present invention, a vibration-danping device is

I nt erposed bet weearaicder lddé ﬁndcaibhbttngfpwmea Fork inserting Hap

Vi brati on- danpi ng device conprises a spring extended in a conpressed state
between a spring between ehearkyinggsusfecsi ¢ &he &néﬁF/ﬁﬁtéﬁée on the

carriage :
conveyor 8 and a lower surface of an article W by raising

5 the article W by the supporting frame, to receive the
article W from the slide fork 17 by the supporting frame
moved upward, and thereafter to move down the article
W to the inlet/outlet roller conveyor 8.

A pair of uppeﬁ and lower guide rails li are
10 disposed with lengthwise thereof directed in a lateral
direction on the stacker crane passage 10 so that a
stacker crane 13 is guided to be moved to left and right
along the Quide rails 11, the stacker crane 13 having
- a running truck 14, a carriage 16 which is vertically
15 movable with respect to a mast 15 provided on the running
truék 14, and a slide fork 17 which ié horizontally
slidably moved in a longitudinal direction by a well
known forward and backward mechanism on the carriage
16. The slide fork 17 can , as is known, take the article
20 W into the carriage 16 through the operation of projection
of the article W downward, raising of the article W
by upward movement of the carriage 16 and withdrawal
thereof toward the carriage 16, and can lower the article
W toward the article storage shelves 3 through the
25 operation reversed to the former.
The driving device 21 for the carriage 16
is constructed as follows: The driving device 21 comprises
a winding drum 22 rotatably provided with a diametrically
central part thereof directed in a longitudinal direction

30 with respect to the mast 15 of the stacker crane 13,
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side’ | ocat ed above .the first-nmentioned spring shoe, and a danper extended
bet ween the spring shoe on the 25 lifting rope side and the spring shoe
on the carriage side, and upper and | ower ends of the danper are pivotally
nmount ed on the spai hjfshng oopehds| whiichgisopecsiréd &rdonke exndr iofg tdieoe on
the carriage side. The present invention has the follow ng function. 3
It is possible tocaurtkge abt thuaught Bevibretégn-damping device 23,

extended over a wheel 24 at the upper part of the mast
15 and thereafter the other end thereof being secured
- 5 -to said winding drum 22, and a reversible motoxr 26 for
rotating.said winding drum 22. |
With the construction as described above,
by rotating the winding drum 22, it is possible to wind
or rewind the lifting rope 25 to move the carriage 16
10 up and down.
The vibration-damping device 23 is conétructed
as follows: A bracket 29 is provided on the bottom
of a notch 31 formed in a vertical portion of the carriage
16, a vertical piece 32 is pivotally mounted on the
15 bracket 29 by a pin 30 with a diametrically central
paré thereof directed in a longitudinal direction, a
horizontal piece 33 is secured to the vertical piece
32, two rods 34 are stood upright on the horizontal
piece 33, a spring shoe 35 (a épring'shoe 35 on the
20 side of the carriage 16) is extended over the upper
end of these rods 34, a spring shoe 38 (a spring shoe
38 on the side of the lifting rope 25) is provided
vertically movably on the spring shoe 35, two rods 39
are stood upright on the spring shoe 38, said rods 39
25 extending through the spring shoe 35 and protruding
above the spring shoe 35, a connecting piece 40 is
extended over the upper end of these rods 39, and a
connecting rod 43 at the end of thellifting rope 25

is pivotally mounted on a bracket 41 of the connecting

30 piece 40 through a pin 42 with a diametfically central
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Qibratioﬁs of the carriage generated when the carriage is stopped. BRI EF
DESCRI PTI ON OF THE DRAW NGS 5 Fig. 1 is asinple plan viewwth
an internediate part omtted showi ng an enbodi nent of the present
invention; Fig. 2phgtaBnhepkaEgadireeeectional aviewgwituinali aiceetdoat.e part
omtted taken along line Il-11 of Fig. 1, 10 Fig. 3 is an
enl arged sectional view parAl gleavewd§ ok Aiptedi oveef aFlgwe2; porgich i S a
sectional view taken on line IV-1V of Fig. 3;
of the rod 39, and a spring 46 extended in a compressed
state is fitted over an upper'portion of the rod 39.
5 That is, the lower end of the spring 46 comes in contact
with the sleeve 45, and the upber end of thé spring
46 comes in contact with the spring shoe 35.
A damper 49 is extended over the spring shoe
38 and the spring shoe 35 through an axis 48 with a
10 diametrically central part thereof directed in a
longitudinal direction. The damper 49 has a closed
casing 50 filled with liquid and a piston 51 having
.a communication hqle'52. That is, the.closed casing
50 is pivotally mounted on the spring shoe 38 by the
15 axis 48, and a rod 53 of the piston 51 is pivotally
mouﬂ£ed on the spring shoe 35 through the axis 48.
With the above-described construction, a spring
constant of the spring 46 and an attenuation force of
the damper 49 are adjusted in consideration of the inertia
20 of the carriage 16 whereby the vertical vibrations of
the carriage 26 generated when the carriage 16 is stopped
can be attenuated in a short period of time about 1/5
of prior art. '
In the following, a model for analysis as
25 shown in Fig..S is set to obtain optimal values of a
spring constant ratio (a) and’  damping rate‘(£1)

of the damper 49 of the vibration-damping device 23,

which will be describéd later.
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Fig.m5 is a vi ew showi ng a nodel for analysis 15 of a vibration-danping
device; Fig. 6 is a graph of anplitude of a carriage; Figs. 7a and 7b are
first vibration simulation graphs of the carriage; Figs. 8a and 8b are

second vi bration guowkeli 8QuR91oNr ARDSTRANENESSAOR #gRCTAON) - Figs. 9a
and 9b are third vibration sinmulation graphs of the carriage. DETAI LED

DESCRI PTI ON OF PREFERRED EMBADFRGNT5Thgdpegaesionhn\ant i egmbollls A&edescri bed
by 25 way of an enbodinment with reference to the drawnngs
represented as follows:
m: Mass of platform 16
5 k: Spring constant ofllifting rope 25
ki: Spring constant of spring 46 of vibration-
damping device 23
c: Equivalent viscous damping coefficient
of lifting rope 25
10 c1: Viscous damping coefficient of damper
49 of vibiation—damping device 23
X3 Vertical displacement of carriage 16
X1t Vertical displacement of end of 1lifting rope
25
15 £: Exciting forxce applied to carrage 16
The fundamental motion equation of the carriage
16 is written below:
mg = -ki1(x - %x3) - c1({x - x1) + £
{kx1 + cx1 = ki(x - x1) + c1(x - x1)
20 (1)
When all the initial conditions are set to-
0 and Laplace transform takes place, displacement and
transmission function of exciting force can be obtained.
For simplification, the following symbols
25 are introduced.

wn = Yk/m; Natural frequency of carriage 16

a = ki/k; Spring constant ratio
£ = c/2/mk; Equivalent damping rate of lifting
rope 25
30 €1 = c1/2v/nk; Damping rate of damper 49 of vib.-

damper 23 This Sheet Has Been Rerlaced
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In t'he specification, "front" designates a lower side in Fig. 1, "rear"

desi gnates an upper side in Fig. 1, "left" designates a left side in Fig.

L and "right" 4 designates a right side in Fig. 1. A pair of front and
rear rack devices 1 are stapteypri ghtomplébentihber surface so as to provide
a space for a stacker crane passage 10. 5 The rack devices 1
have a nunber of stanchionsIf these symbols are used, the transmission

function can be represented by a dimensionless parameter

as follows:

X(1)

3 CN) = F)

_ 1 (L +a) + 2(E + E3)A
Tk ATT(L + oa) + 2(E + E)A) + ...

ees (1 + 2EX) (0 + 2E311)

(2)
(OPTIMUM DESIGN BY FREQUENCY RESPONSE)
10 Substituting A = ig in Equation (2) gives

a dimensionless frequency response.

X - (L + a) +i2(E +£1)9
Xg¢ Lo - 4EE1g%7 - (1 + a)g?] +* ...

vee 12[Ca - g2)E + (1L - g2)&:lg

(3)
15 Here,
g = w/wpy Exciting vibration number ratio

Xg¢ = Fo/k; Static deflection of carriage 16

w3 Exciting vibration number ratio
Fyo; Amplitude of exciting force
20 If the damping of the lifting rope 25

is so small that it can be disregarded, & = 0 results.

At this time, Equation (3) is as follows:

X _ (L + a) + i2E,9
Xgt Lo~ (1 +a)g?] + i28,(1 - g%)g

(4)
25 The absolute value of amplitude takes the

following form.
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2 on‘the front side arranged to left and right in a predeterm ned spaced
rel ati on, stanchions 2 arranged at the rear of and in a predeterm ned
spaced relation with the stachions 2 on the front side, and a nunber 10

of article supporting nenber pr o 2 é { determ ned spaced rel ation
hei ghtw se of said front aa ak= i ~——the pair of left and right
opposed supporting nenbers ns ifhtﬁh& arégitdl’e st orage shel ves 3 '}hout
i nterposing the stanchions 2.. A fork passage 15 gap 5 for allow ngéa
slide fork 17 (which will be described later) to nove up and down is
constituted between the pairagfy2l ef tggj@ right article supporting

that is,
5 [(L+ a)(l - g?lgl?= {[a -~ (1 + a)g?lg}?
(6)
Then, |X/Xgi| has nothing to do with the
damping rate £ of the damper 49. Equation (6)

can be solved by

+
g1 = 0, g2 =/'§%1—;E%T (7)

10 That is, even if £, is changed, a frequency response
curve passes fixed points at g; and g2, as shown in
Fig. 6. It is understood from Fig. 6 that fixéd points
R and S are present.
For minimizing a resonant peak of a frequency
15 response similar to an optimum design theory of a dynamic
vibration réducer, it is necessary (1) to make sizes
of longitudinél coordinates of points R and S equal
and (2) to allow a peak of the response curve to cross
the poiht S. The optimum value of a is determined by
20 the conditibn (1), and the optimum value of £, is
determined by the condition (2).

These optimum values can be obtained as follows:
_ 1 - 3/3
“opt = 3 E‘opt =3 % 0.92 {(8)

25 At this time, the peak value of the response

curve or the longitudinal coordinates of the fixed points

_—
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menbers 4. Inlet-and-outlets 6 for the article storage 20 shel ves 3 of
the front and rear rack devices 1 are opposed to each other. Inlet/outlet
roller conveyors 8 with a carrying direction directed in a |ateral
direction are provided on the l|eft side of the rack devices 1. 25
A well known article lift{Xnol s % is provided on the side of t

e ar

i nl et/outl et

rol |l er convey®gt

ticle lift has a carriage that can be

noved up and down by a well known lift below the roller of the inlet/outlet
conveyor 8, and a pair of supporting

10

15

20

25

(CALCULATION OF NUMERICAL VALUES)

The frequency response of the carriage 16
is calculated by Equation (4) or (5). The transient
response can be generally calculated by a numerical
calculation method such as a Runge-Kutta method.
However; here, consideration is made of only the impulse
response, and the impulsé response is obtained using
a reverse Fourier transform of the frequency response.
In the calculation, the damping rate of the lifting
rope 25 islconsidered'to be £, = 0.05 from the actually
measured value.
(VIBRATION-~-DAMPING EFFECT OF OPTIMALLY DESIGNED

VIBRATION~-DAMPING DEVICE 23)

Figs. 7a and 7b show a comparison of vibration
responses of the carriage 16 between the case where the
vibration-damping device 23 using the optimum value is
mounted and the case where it is not mounted, namely, the
carriage 16 is directly mounted on the lifting rope 25.

In Figs. 7a and 7b, the soiid line indicates the case
where the vibration-damping device 23 is mounted, and the
brbken line indicates the case where the vibration-damping
device 23 is not mounted. As will be understood from Fig.
7a, in the case where the vibration-damping device 23 is
mounted, the frequency response curve has no resonant peak
and is a flat curve, and the transient response is damped
té'o out of about 2 periods as is shown in Fig. 7b.

However, a static deflection is-three times of the case

This Sheet Has Been Reli

R [




30 - franmes stood upright on the carriage and | ocated between t he

rollers of the inlet/outlet conveyors 8. The article Iift functions to form
a-fork inserting gap between a carrying surface of the inlet/outlet

conveyor 8 and a Wbogse &hef ¥ibreftism-gempdng Bewmiceai2d g Dot mpundradcl e MI
by the supporting frame, to receive the article Wfromthe slide fork 17

the supporting frdrSFRSENGE, GARSED @#dcﬁﬁgﬁghﬁ{ePAﬁ§Mﬁ¥ﬁ§(ﬁﬁmFQRRJ%ﬁﬁlkﬁb

Wto the inlet/outlet roIIer conveyor _
In the actual carriage 16, the spring constant

k of the lifting rope 25 is different due to a cextain
5 height of the carriége 16 and the mass m of the carriage
16 is also changed due to the loadage. As these change,
the spring constant o and the attenuation rate §; of the
damper 49 change. Accordingly, it is necessary to
examine how the vibration response of the carriage 16
10 changes when these parameters are changed.

The vibration response of the carriage 16
when the spring constant a and the damping rate &,
change is showﬁ in Figs. 8 and 9. According to these
figures, it is understood that if the optimum value

15 is a reference value, even if the spring constant a
and the damping rate £; are changed between 0.5 and
2 times of the reference value, the vibration response
is sufficiently suppressed.
(MODIFICATIONS) _

20 Modifications or the like will be_explained
below.

(1) ©Needless to say, the damper 49 is not
limited to thét shown in the embodiment but a well known
damper and shock absorber having a damping function

25 making use of a viscosity of other fluids can be used.

(2) Further, needless to say, the apparatus
according to the present invention can be also used
as a lifting device for a carriage in a stereo-parking

lot and a lifting device for a lift cage of an elevator.

30 By the provision of the aforementioned
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A pair of upper and |lower guide rails 11 are 10 disposed with | engthw se
thereof directed in a lateral direction on the stacker crane passage 10 so
that a stacker crane 13 is guided to be noved to | eft and right .along the
guide rails 11, t leonstasicdricer,arvdiel presentg invantiiony exhididi tst the carri age
16 which is vertically 15 novable with respect to a mast 15 provided on
t he runni ng truck £Pd1loaidda efiflegdst-ork 17 which is horizontally slidably
noved in a longitudinal direction by a well known forward and backward

mechani smon the carriage 161 TRSSONRS &k the eresents jnvenidan: tike
the article 20 Wi 2 di1e ¥ '@4%dS Wiy Phe e ARG | L e £i0d ection
5 generated when the carriage is stopped.

2 Further, according to the present invéntion,
it is possible to adjust the spring constant of the
spring and the damping force of the damper in
consideration of the inertia of the platform and the

10 like to thereby more guickly damp the vertical
vibrations of the carriage.

3 Still further, according to the present
invention, since the upper‘and lower ends of the damper
are pivotally mounted on the spring shoe on the lifting

15 rope side and on the spring shoe on'the carriage side
so Ehat the damper is horizontally movable with respect
to the spring shoes, it is possible to prevent a horizontal

unreasonable force from acting on the damper.

—_—
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of the article Wdownward, raising of the article Wby upward rmverrent of
the carriage 16 and w thdrawal thereof toward the carriage m m‘ﬂ““ﬂﬂl‘"“‘“
| ower the article Wtoward the article storage shelves 3 th u

operation rever sgdatro IsheLhaMeERr ISthe driving device 21 for the ‘catrihge’ 16
Is constructed as follows: The driving device 21 conprises a w nding drum
22 rotatably proti.ded w t hAacdraiegei dalfity ngeaippalragayst imhetdeth di rected in
a longitudinal direction 30 wth respect to the nast 15 of the stacker
crane 13, vibration-damping device is interposed between a

carriage and a lifting rope.

5 2. The carriage lifting apparatus according to
claim 1, wherein said vibration-damping device has a
.spring extended in a compressed state between a spring-
shoe on the lifting rope side and a spring shoe on the
éarriage side located above the first-mentioned spring

10 shoe, and a damper extended between the spring shoe on
the lifting rope side and the spring shoe on the

carriage side.

3. The carriage lifting apparatus according to
claim 2, wherein upper and lower ends of said damper are
15 pivotally mounted on the spring shoe on the lifting rope

side and the spring shoe on the carriage side.

4. The carriage lifting apparatus according to
claim 3, wherein a spring constant of said spring and.
a damping force of said damper are adjusted in

20 consideration of an inertia of the carriage.

This Sheet Has Been Re;ilaced
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6 a lifting rope 25 which is secured to one end of the carL+age~16*rﬁT6ﬁ§ﬁff'—

a vi bration-danpi ng device 23, extended over a wheel 24 at théfupper parI-“~
of the mast 15 and thereafter the other end thereof being secured 5 to
sai d wi ndi ng drunAB@TRAGEH QF r BHBrBIBCBOKBREBr 26 for rotating said w nding
drum 22. Wth the construction as described above,. by rotating the w ndi ng
drum 22, it is possible to &ivitbsatienrdamphag| deving Lspénksrpesgdybetieen
carriage 16 10 up and, down. L
a carriage and a lifting rope.
The vibration-damping device comprises a spring
5 extended in a compressed state between a spring shoe
on the lifting rope side and a spring shoe on the carriage
side located above the first-mentioned spring shoe,
and a damper extended between the spring shoe on the
lifting rope side and the spring shoe on the carriage
10 side, and upper and lower ends of the damper are pivotally
s mounted on the spring shoe on the lifting rope side

and the spring shoe on the carriage side.

-_
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The -vi brati on-danpi ng device 23 is constructed as follows: A bracket 29 is
provi ded on the bottomof a notch 31 forned in a vertical portion of the
carriage 16, a vertical piece 32 is pivotally nounted on the 15 bracket
29 by a pin 30 with a dianetrically central part thereof directed in a

| ongi tudi nal direction, a horizontal piece 33 is secured to the verti cal
piece 32, two rods 34 are stood uprighty 6 the horizontal piece 33, a
spring shoe 35 (a spring shoe 35 on the 20 side of the carriage 16) is
ext ended over the upper end of these rods 34, a spring shoe 38 (a spring
shoe 38 on the side of the lifting rope 25) is provided

1

FIG.




vertically novably on the spring shoe 35, two rods 39 are stood upright on
the spring shoe 38, said rods 39 25 ext endi ng t hrough the spring shoe 35
and protrudi ng above the spring shoe 35, a connecting piece 40 is extended
over the upper end of these rods 39, and a connecting rod 43 at the end of
the lifting rope 25 is pivotally nmounted on a bracket 41 of the connecting
30 pi ece 40 through a pin 42 with a @AR®etrically central 7

FIG. 2




part' thereof directed in a longitudinal direction. A sleeve 45-is fitted
over a lower portion of the rod 39, and a spring 46 extended in a
conpressed state is fitted over an upper portion of the rod 39. 5 That

is, the lower end of the spring 46 cones in contact with the sleeve 45, and
t he upper end of the spring 46 cones igﬁp?ntact with the spring shoe 35. A
danper 49 is extended over the spring oe 38 and the spring shoe 35
through an axis 48 with a 10 dianetrically central part thereof directed
in a longitudinal direction. The danper 49 has a closed casing 50 filled.
with liquid and a piston 51 having

N
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a communi cation hole 52. That is, the closed casing 50 is pivotally
nmounted on the spring shoe 38 by the 15 axis 48, and a rod 53 of the
piston 51 is pivotally nmounted on the spring shoe 35 through the axis 48.
Wth the above-described construction, a spring constant of the spring 46
and an attenuation force of the danper fygare adj usted in consideration of-
the inertia 20 of the carriage 16 mhé#e y the vertical vibrations of the
carriage 26 generated when the carriage 16 is stopped can be attenuated in
a short period of time about 1/5 of prior art. In the foll ow ng, a nodel
for analysis as .

g(w/wn)

AMPLITUDES OF LIFT FOR VARIOUS
VALUES OF &4



25 *shown in Fig. 5is set to obtain optinmal values of a spring constant
ratio (a) and danpi ng rate ([err]) of the danper 49 of the

vi brati on-danpi ng device 23, which will be described |ater. (MOTI ON
EQUATI ON AND TRANSM SSI ON FUNCTION) In Fig. 5 and equation (1), synbols are
represented as follows: m Mass of plsal}.t70rm 16 5 K: Spring
constant of lifting rope 25

g(w/wn)

IMPULSE RESPONSE

FIG. 76

mwnX/ Fo

7( wnt/21r)

VIBRATION SIMULATION OF LIFT
SOLID LINE: WITH OPTIMAL VIBRATION-ABSORBING
APPARATUS

BROKEN LINE: WITHOUT VIBRATION~ABSORBING
APPARATUS



[err] Spring constant of spring 46 of vibration- danping device 23 c:

Equi val ent vi scous danping coefficient of lifting rope 25 10 [err]

Vi scous danpi ng coefficient of danper 49 of vibration-danpi ng device 23
X: Vertical displacenent of carriage 16 [err] Vertical displacenent of
end of lifting rope 25 15 f: Exciting force applied to carrage 16
The fundanental notion equation of thegafriage 16 is witten bel ow

FREQUENCY RESPONS

—

§ E1=E1opt |

15

FIG. 8a v

- kX/Fo

FIG. 8b

mwnx/ Fo

Y {wnt/27)

VIBRATION SIMULATION OF LIFT FOR
VARIOUS VALUES OF a



[err] [err] 20 : (1)
When all the initial conditions are set to 0 and Lapl ace transformtakes
pl ace, displacenent and transm ssion function of exciting force can be
obtained. For sinplification, the follow ng synbols 25 are introduced.
[err] Nat ural frequency of carriage 16 [err] Spring constant ratio
[err] Equi val ent danpi ng rate of Iif%}(}g rope 25

FREQUENCY RESPONSE

15

FIG. 9a

kX/Fo

FIG. 9b

mwnx/ Fo

5 .
Y{wnt/ 27)

" VIBRATIDN SIMBLATION OF LIFT FOR
wer .. VARIOUS VALUES OF €1



30_
X [err]

fuhctlon can be represented by a dlnen§|onless paranetﬁr j;ﬂ:éﬁ”

[err] Danping rate of danper 49 of Vlb - danper 23 9
Compl ex nunber If these synbols are used Bﬁﬁ‘ﬁﬁEETs S

muéd.l,k)pqme

Glerr]) [e”] [err] - CARRIAGE LIFTING APPARATUS Claim(s) :paged .!#to page

10

15

20

25

- Prior Art

ﬂsuch as a. chain, a wire rope, a belt, etc.), and a

';“rever51b1e motor for rotating said winding drum.

mi}rawmg,;(s) : paged .. Tto pagex
Abstract  ; paged4Sfto page

BACKGROUND OF THE INVENTION

Field of the Invention
| The present invention relates to a carriage |

lifting apparatus.

'As a conventiohal automated warehouse, there
has been known an arrangement as follows: That is,

the known arrangement includes a pair of front and rear

- rack devices provided in a predetermined spaced relaticn

in a longitudinal direction and having a number of article
storage shelves in every direction, and a stacker_crane_

provided laterally movably between said front and rear

'rack devices, said stacker crane having a running truck,

ta carriage provided movably up and down along a mast

provided on said_running_truck, and an article transfer

device (for example, a slide fork provided slidably

in a longitudinal direction) provided on said carriage,

a driving device for said carriage comprising a winding

drum rotatably provided with a diametrically central

part thereof directed in a longitudinal direction with
respect to the running truck or the mast of the stacker

crane, a lifting rope which is secured to one end cf

the carriage, extended over a wheel at the upper part
" of the mast and thereafter the other end thereof being
‘secured to saidawinding drum (in this specification,

~ the term “rope“7refers to a flexible lengthy'material




-

(2) (OPTI MUM DESI GN BY FREQUENCY RESPONSE) 10 Substituting

[err] = ig in Equation (2) gives-a dinmensionless frequency response. [err]
(3 15 Here, g = [err]2 Exciting vibration nunber ratio [err]
Static deflection of caig icgerdie{@dial ;driving devixei fongthébrati on nunber
ratio FO; - - Anpl.itude of exciting force 20 - If the

danpi ng (ﬁaﬁﬂﬁhdéfnadm;heuﬁplmbwingldisadvantages. That is,
| sincé the lifting rdpe on the carriage side is merely
cohhected to the carriage,_we have to'merely_wait'till
S the verﬁical vibrations generated Qhen thé carriége
is stopped due to the inertia of the carriége or the
like aré damped.. However, this poSeé a great obstacle
for the recent highspeed operation and fdr shdrtening

the operation time.

10  SUMMARY OF THE INVENTION
It is an object of the present.invention to
" provide a cafriage 1ifting apparatus in which vertical
vibrations generated when the carriage is stopped is
quickly attenuated. | |
5 For overcoming the aforementioned diSadvantagés;
| the preséht invention empioyed the following means.
Accordinq to the present invention, a
vibfation—damping device is interboséd between a carriage
and a lifting rope. | | |
.20 The_vibration-damping device comp:ises a spring
extended in a'compressed state between a spring shoe.
on the lifting rope side.and.a_spring.shoe on the carriage
side located abqve the first-mentioned spring shoe,
and a damper extended between ihe spring shoe on the
25 lifting rope side and.the spring shoe on the carriage
éidé, and uppér and lower ehds'of the‘damper are pivotailf
mounted on-thé spring shoe on the'lifting_rope side
and tﬁe spring shoe bn'ﬁhe'carri;gé side.

The preSehﬁ invention has the following function.
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Is so small that it can be disregarded, [err] = 0 results. At this tineg,
Equation (3) is as follows: [err] (4) 25 : The absol ute val ue of
awplltude takes the following forrm™— 10 [err] [err]

' It is p0551ble to quickly attenuate the vertlcal
vibrations of the carriage generated when the carrlage

is stopped.

BRIEF DESCRIPTION OF THE DRAWINGS
5 | Fig. i is a simple plan view with an intermédiata |
part omitted showing an émbodimant of the present invention;
'Fig. 2 is.an eniarged.sectional Qiéw'witﬁ. |
an intermediate par£ omitted taken along line II~II
of Fig. 1; | | | -
10 _ Fig. 3 is an enlarged séctional view partly
cutaway of A portion of Flg. 2; o
Fig. 4 is a sectlonal view taken on llne IV-1v
of Fig. 3;
| Fig.:s is a view showing a model for analysis
15 of a v1bratlon-damplng dev1ce, |
Fig. 6 is a graph of" amplltude of a carrlage-'
Flgs. 7a and 7b are flrst vibration 31mu1atlon
.graphs of the carrlage,
Figs. 8a and 8b are second vibration simulation
20 graphs of the carrlage and
| Figs. 9a and 9b are third vibration 51mulat10n

graphs of the carrlage.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
The present.ihvention_will be described by
25 way of an embodiment'with reference ﬁo the drawings.
In the specifiéatioﬁ,_"front"-designates_a_lower.side
in Fig. 1; "réar“ designates an upper side in Fig. 1,

"left" designates a left side in Fig. 1, and “right“



tﬁaf s, 5 (6) Then, [erf] has not hi ng td do.with the danping rate-[err]
of the danper 49. Equation (6) can be sol ved by [err] 10 - That.is, even
ife [err] is changed, a frequency +esponse curve passes fixed points at
[err] and gdesasgnbews anrhight Gidel in Figndarstood fromFig. 6 that fixed
points R and S are present. For minimzing a resonant peak of a frequency
A pair of front and rear rack devices 1 are
stood upright on the floor surface so as to provide
é space.fbr a stacker crane passage,lo{
5 _'The rack devices 1 héVe a number of stanchions
-2 on the front side arranged.to lef£ énd right in a
predetermined spaced rglation, stanchions 2 arranged'
at.the rear of-and in a'predetérminéd spaced relation
Qith the stachions 2 on the ffont sidé,.and.a'number
10 of afticle supporting members 4 provided in a
| predetermined spaced relation heightwise of said front
and rear stanchions 2,.the'péir of left aﬁdlright opposed
supporting members 4 constitufing article storage shelves
3 withéut ihterposing_the stanchions 2. . A fork passage
15 gap 5 for allowing a slide fofk 17'(which will be
~ described later) to move up and down is constituted
between the paif:of_left and right article supporting
members 4. | .
Inlet—and;outlets_é for the article storage

20 shelves 3 of the front and rear rack devices 1 are opposéd

to each other.

Inlet/outlet roller conveyors 8 with a carrying
direction directed in a lateral diréction are provided
on the left side of the rack devices 1.-

25 - A well_known'artigle lifte fnot showﬁ) is

proVided on the side of the inlet/dutlet rollef conveyor
8. The article lift has a carriage that can be moved
‘up and down by a well known 1ift below the roller of
‘the inlet/outlet cohveyor 8, and a pair.of supporting

30 frames stood upright on the carriage and located between
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15 = response simlar to an optinun1design theory of a dynam c vibration
reducer, it is necessary (1) to nake sizes of |ongitudinal coordinates of

poi nts R anq:hel'ﬁ:e xa;q)ézg é‘lrﬁ]eltzgu%l gak af, y&e:sr esspo curv_e' to cross

the point S |nun1va tern1n e condi tion

(1), and the qn 'B”’hﬁi e84 e dasf&ﬁaem@ﬁé PﬂséPErﬁQ“&'a{:' on (2).

These optlnunlva ues can be obtalned as fol (8) 25

AL this ting, ttvfkﬁe PRk M3 i fsﬁmé@&p@n@&cwmxmﬁr@t'Ongltudl nal

coordlnates of fixed points Rand S are as follo o
conveyor 8 and a lower surface of an article W by ralslng

5 the artlcle W by the supportlng frame, to recelve,the
article W from the slide fcrk 17 by the supporting frame
moved upward, and ﬁhereafter to move down the erticle |
W to'the'inlet/cutlet roller conveyor 8. |

A pair of upper and lower'guide;rails li are
10 disposed with lengthwise thereof directed in a lateral
direCtion'on.the stacker crane passaée 10 so that a
stacker crane 13 is guided to be moved to left and right
aloné.the guide raiis 11, the stacker_crane 13 having
a'running_truck 14, a carriage 16 which is verticaliy
15 m0vable,with respect to a mast 15 ﬁrcvided on the running
truck 14, and a siide fork 17'which ie_horizcntally
slidably moved in a longitudinal direction by a well
knownlforward and backward mechanism or the carriage
16. The slide fork 17 can , as is known, take the article
20 W into tﬁe carriage 16 through_the operation oflércjection '
. of the article W downward, raising of the article W
by upward:movement of the carfiage 16 and withdrawal
thereof toward the carriage.ls, and-can lower the article:_.
W toward the article storage shelves 3 thrccgh the
25 operationxreversed to the former.
The driving device 21 for the carriage 16
is constructed as £01lows{ The driving device 21 comprises
a winding drum 22 rotatably provided with a diametrically
central part thereof directed in a longltudlnal dlrectlon |

30 with respect to the mast 15 of the stacker crane 13,
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[err] . (9) (CALCULATI ON OF NUMERI CAL VALUES) The
frequency response of the carriage 16 5 I's cal cul ated by Equation (4) or
(5). The transient response can d@:generally_calculated by a nuneri cal

cal cul at i ord nkt fibing uxPpas2h WohgR- K&t sacneefotic PBRefad, ofietbe :
consideration is nade of only the inpulse response, and the inpul se
response | SHAIRILYstREOUGh agvikiatienrdamPdpgt ARNICE #lof t he

frequency response, : _ -
quency extended over a wheel 24 at the upper part of the mast

15 and thereafter the_other end thereof being secured
-5 to séid'winding drum 22, and a reversible mgfbr 26 for
rotating said winding_drﬁm 22. |

With the chétrubtion as descfibed_abbvé,
by rotating the winding drum'éz,_it islpéssible to wind
or réwind the'lifting rope 25 to move the carriagells
10 up éhd down.
' | The vibratidn-damping device 23 i# constructed
as follows: A bracket 29 is_provideq on the boﬁtom'
of a notch 31 formed in-a”vé:tical portion of the carriage
.16, a verticai pieée.32 is pivotally ﬁounted on the | |
15 | bracﬁet 29'by a pin-30 with é diametricaliy central
| part £hereof diréctéd in a longitudinal direction, a
Horizontél piece 33 is'secured to theIVerticai piece
32, two rods 34 are stood upright on the horizontal
piece'33,.a spring shoe 35 (a $§£ing'shoe 55 on the
20 side of the éarriage 16) is'extended-over the uppef
end of these rods 34, a spfing'Shde 38 (a spfing shoe
38 on the side of the liffing rope 25)lis provided
vertidally movably on the spring shoe 35, two rods 39
are stood upright on the spring shoe 38, said rods 39
25 extending through tﬁe spring shoe 35 and protrudihg
aboﬁe thé'sprihg shoe'ﬁs; a COnnecting piece 40 is
extenaed_ovér £he upﬁer end of these rods 39, and a
connectihg rod 43 at the'end of the lifting rope 25.'
- is pivotally mounted oh arb:ackét.4l of the connectiﬁg

30 piece 40 through a pin 42 with a diametrically central



In the cal culation, the danping rate of the lifting rope 25 is
considered to be [err] = 0.05 fromthe actually neasured val ue.

(VI BRATI ON- DAMPI NG EFFECT OF OPTI MALLY DESI GNED 15 - VI BRATI ON- DAMPI NG
DEVI CE 23) Figs. 7a and 7b show a conparison of vibration responses of the
carriage 16 heimeethétwofadiredieed ilheavlbngn.tuda.da&'pdnged:eupne 23 using
the optinumvalue is nounted and the case where it is not nounted, nanely,
the 20 carriage 16 |sAdBleev¢y4ﬁDuﬁtédtbadtheerlatﬂnyemoperzaonln Fi gs.
7a and 7b, the solid line indicates the case where the vibration-danping
‘device 23 is aburhedsodniPi hend a spring 46 extended in a compressed -

- state is fitted over an upper portion of the rod 39.
5. That is, the lower end-oﬁ the sprlnq 46 comes in contact
with the sleeve 45,land the npper'end of the spring |
46 comes in contact with the spring shoe 35._
A damper 49 is extended over the sprlng shoe
38 and the spring shoe 35 threugh an axis 48 with a
10 diametrically central part thereof directed in a
dlongitudinal direction. The damper 49 has a closed
casing 50 filled with liquid and a nistpn Sl ha?ing
a communication hole 52, That is, the.closed casing
50 is pivotaily mounted on the_spring'shoe 38 by the
15  axis 48, and a rod 53 of the piston 51 is pivotally
mounted'on'the spring.shoe 35 thtough the axis 48.

- With the above-described construction, a spring
constant of the spring 46 and an.attenuation force of
the damper'49 are adjusted in consideration of the inertia

20 .of the carriaée ;6'whereby the vertical vibrations of
the.carriage 26.generated when_the'catriage 16 is stOpped
can be attenuated in a short period of time about 1/5
| of ptior art.
In the following, a model fo:.analySis as -
25 'shown in Fig. 5 is set to obtain optimal values of a..
spring constantdratio_(a) and’ damping rate (£:)
“of the damper 49_df the'vibretion-daméing device'23,

which will be described later.



broken line indicates the case where the vibration-danping device 23 is not
nmounted. As will be understood fromFig.- 25 7a, in the case where the
vibrati on-danpi ng device 23 i-s nounted, the frequency response curve has no
resonant peak and is a flat curve,_8nd the transient response is danped to.
0 out. of aboulMOTHE} RRYRTION) ANBhBIMNSMIFIIPN FWNCAGAVer, a static

deflection is three tines of t he case 12 where the vibration-danping
device 23 is not nount éd® Fig. 5 and equation (1), symbols are

represented_as follows:
" m: Mass of platfotm 16 -
5 ~k: Spring constant of lifting ropé 25
k:1: Spring constant bf spring 46 of vibration-
damping device 23 | |
~e:  Equivalent viscous damping coefficient
of lifting rope'25 |
‘10 - ci1t fViscous damping coefficient of dampef
49 of vibration-damping device 23
X: Veftical displacement of carriage 16 - |
X1t Vergical:displacemeht of end of lifting rope
25 |
15 £f: Exciting force applled to carrage 16
The fundamental motlon equation of the carrlage
'16 ls wrltten below.
mé = ~k1(x ~ %) = ci(Xx - x1) + £
o {kx; + cXx; = k;(k_- X1) + e1(x - X3)
20 " S | (1)
| When all thé'initial conditions are set to-
0 and Lapiace transform takes élace, displacement and
transmission function of exclting force can be obtained.
For szmpllflcation, the follow;ng symbols
25 are introduced. -

n = vk/m; ‘Natural frequency of carriage 16

o = k{/k;ﬁ Spring constant ratio
g = c/2/mK; ﬁquiéaléﬂt'damping rate of lifting
‘rope 25 | o |
30 . g, = é;lzlﬁ-; Damping rate of damper 49 of vib.-

damper 23



(I NFLUENCE CAUSED BY CHANGE OF PARAMETER OF CARRI AGE 16) In the actual
carriage- 16, the spring constant k of the lifting rope 25 is different due
to a certain 5 height of the carriage- and the mass mof the carriage 16
i s al so changed due ta the d/oggage. Gnghesenaﬁawge t he spring constant a
and the attenuation rate [err] of the danper 49 change. Accordingly, it is
necessary to exam ne how tHef vilgsg itimbalsporse fed hether rapgenission
changes when t hese paraneters are changed. The vibration response of the
carriage 16 whenﬁﬁﬂ?%ﬂﬁﬂrﬁ?%xﬂﬂﬂ%ﬂﬁr%ﬁ%ﬂﬁFQrRV a gipemglontese P%??Teter

change is shown in Flgf and 9. According to t hese
- "as fo OWS.
| oy o X(A)
1. (l + a) + 2(5 + E1)A

= KNI+ a) +2(E+ E0M F .o
voo (L + 2EA) (0 + 2E11)

- (2)
(OPTiMUM DESIGN BY FREQUENCY RESPONSE)
10 Substituting A = ig . in Equation (2) gives

a dimensionless frequency response.

X (1 + o) +i2(f +£;)9

Xst (o - 4€E1g? - (L + alg?l + ...
... i20(a - g2)E + (1 - g?)Ea]g

(3)
15 . Here,
g = w/wy;  Exciting vibration number ratio

xgt = Fo/k; Static deflection of carriage 16

w; Exciting vibration number ratio
Foi: . Amplitude of exciting force
20 If the damping of the lifting rope 25

is so small that it can be disregarded, £ = 0 results.

At this time, Equation (3) is as follows:

X (1 + o) + i25,9
Xg “Ta = (T + a)g?] + 128:(1 - gz)q

) - (4)
25 _ . The absolute value of amplitude takes the

follow1ng form.



figures, it is understood that if the optinmm value 15 Is a reference
val ue, even if the spring constant daoand the danping rate [err] are
changed between 0.5 and 2 tinmes of The reference value, the vibration
response is sufficien‘ky upp SedRZ( 5EICATIONS) 20 -
Modi fications or the I¥ Imr “EE‘?ger bel ow. (1) Needless to say,
t he danper 49 is not ITE? ed tg t hat é W i n the enbodinment butsya wel |
known danper and shock. absorber having a danpi ng function 25 naklng use
of a viscosity of other fluids can be used. :

_ (aD) 2 = (BC) 2,

A

_ that is, _ _
5 | [(1L+ a)(l - g2)gl?= {{a = (1 + a)g2lg)}?
: (6)
' Then, |X/Xg¢| has hothipg to do with the
damping réte_Ei of_the damper 49. Equatidn (6)

‘can be solved by

gvr =0, 92 =/'§%T—;—%T | (7}

iQ_ -That‘is,'even if &, is éhanged,:a ffequencj response
curve passes fixed points at g1 énd gz, as shown in
Fig. 6. It is understood fiom.Fig. 6 that fixed points
R and S are present. |
For minimiZing a resonant peak of a frequency
15 response similar to an optimum design theofy of a dynamic
' vibration'reducer, it is necessary (1) to make sizes
of longitudinal coordinates of pdints R and S equal
and (2) to.allow a peak of the response'cur&e to crdss 
the poiht S. The optimum value of o is determined by..
?6. the condition (1), and the optimum value of.al is
" determined by the condition (2).

These optimum values can be obtained as follows:

Gopt = 3+ Eiopt = 376 % 0.92 (8)

25 - At this_time;_the peak value of the response
curve or the longitudinal coordinates of the fixed points

R and S are as follows:



(2) Further, needless to say, the apparatus according to the present
I nvention can be also used as a lifting device for a carriage in a
stereo-parking lot and a lifting devi lfor a lift cage of an el evat or.
By therrOVis!on of tgﬁ afiorenent i oned 13 construgtjon, the present
invention.exhibits thegfolll ewdng effects. 1. According to the (®lesent
invention, it . stl : : _
R (CALCULATION OF NUMERICAL VALUES)
o | The freguency tespohse_of the carriage 16
5 is calculated by Equation (4) or (5. The transiént _
réqunsé can be generélly-calculated by a numerical
calculation method suéh aé a Runge-Kﬁtta method.
;waéver,'here, considerétion is made of only the impulsé
fesponse, and the impﬁlée response is'obtaihed using
10 a reverse Fourier transform of the frequency response.
In the caiculation, the damping rate of the lifting
rope 25'ié.considered-to.bé_si'= 0.05 from the actually 
.meésured value. _ |
'_(VIBRATION-DAMPING" EFFECT OF OPTIMALLY DESIGNED .
15  VIBRATION-DAMPING DEVICE 23)
| Figs. 7a and 75 show.é comparison of vibration
responées_of the carriage 16 between the case where ﬁhe'
vibration-dampingﬁdevice 23 u$ing fﬁe 6ptimgm vaiue-is
mounted and the'caée where it is ﬁot'mounted; namely, the
20 carriage 16 is direétly'mouhﬁed oh the lifting rope 25.
In Figs; 7a%and 7b, the solid iine indicates thé case.
' where the vibration-damping device 23 is mounted, and tﬁé
. broken line indicates the case whefe'the_vib:ationfdamping
.device Zj,is noﬁ mounted, _Aé will'be-understood from Eig.
l25 7a, in the case wheré_the vibraiion-damping device 23 is
mounted, the fréqueﬁcy response curve'has no resonant peak
~ and is a flat curve, and the transieht reséonse is damped
to 0 out of about 2 periods as is shown in Fig. 7b.

'HGWever, a static deflection is three times of the case

30



ié possi bl e to quickly danp the vertical vibrations 5 gener ated when the
carriage is stopped. 2 Further, _according to the present invention, it is
poessi bl'e to adjust the spring coné%aﬂt of the spring and the ‘danping
force of thehehpapetie | vilsoasicer@impingfdéhicénzitia nbttheupkatiform and t he
100 like to thereby nore quickly danp ‘the vertical vibrations of the
carriage. 3(INELUENCE (CAUSED BYCCHANGE ©B PABAMEBEBNOF| ARBRIAGE, l§iince the
upper and | ower ends of the danper are pivotally nounted on the spring shoe
on the lifting 15 rbpetke dectmal ritiadprithg sh@espninﬁecgastaage si de
kcof the_lifting iope 25 is different due to a certain |
5 height of thelcafriage 16 and the;mass.m'of the carriage
16 is also changed due to the'loadage. As these change,
“the spring constant o ana the“attenuation‘rate g1 of tﬁc'
damper 49 change. Accordingly, it is necessary to
examine how the vibration response of the carriage 16
10 changes.when these parameteis_are changed.
‘The vibraticﬁ response of the carriage 16
when the spring'conétént & and the damping rate £y
change is shown in Figs. 8 and 9; According to thesé
.figures, it is understood that if the optimum value
15 is a reference value, evcn if thc spring constant a
and the | damping rate E,hére changed between 0.5 ahd '
_Z'times'of the reference value, the vibration response
is sufficiently suppressed.
(MODIFICATIONS) |
20. o Modifications or the like will be_explained
| below. _ | | | o |
(1) Ncedless to say, the damper 49 is not
limited to that shown in the embodiment but a well known
damper and shock absorber having a damping'function'
25 making use of a viscosity of other fluids cah be used.
(2) 'further, neédiess to say, thc'épparatus
according to the preécct inveﬁtion can be also used
as a lifting device for a carriage in a'stereo-parking
'lot_ahd a iiftihg device for a 1lift cagé of an elevator.

30 .- By the provision of the aforementioned



so that the danper is horizontally novable with respect to the spring
shoes, it is possible to prevent a horizontal unreasonable force from

aeting on the danper. WHAT IS CLAIMED IS: 1. A carriage lifting
apparatus in which a vibration-danping device is interposed between a
carriage and a lifting rope. 5 2.4 The carriage lifting apparatus

accorldl ng to Cl a'tn:?udtlvg]ne,r Pthne Spalleds_evﬁ?_b ﬂ{\}enntl ex'}%éjf"c’é C@hgas a
| o following’effects.
1 According to the present inventien, it
is pessible to quichly damp the vertical vibrations
_S . generated when the carrlage is stopped.
2 Further, accordlng to the present 1nventlon,
it is possible to adjust the sprlng constant of the
'spring and the damping force of the damper in
_consideratien of the inertia of the platform and. the
10 1like to thereby'nore quickly damp | the vertical
vibrations of the carriage. o
3 seill further, according to the present |
invention, since the upper.and loﬁer ends of the damper
are pivotally mounted on the spring shoe on the lifting
15 | rOPe_side and on the sprin§ shoe on.the carriage side
'so that the damper is-hori;qntally.movsble.with respect
“to the spring shoes, it is possible to prevent a horizontal

unreasonable force from acting on the damper.



séring_extended in a conpressed state between a spring shoe on the lifting
Fret Shent [ oned apr i ng 20 choe and atkamper ext andea. bet wi UMM lﬂllillilll 1]
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congtant of Saidé§¥£f§b§”gkd a 1iftihg rope,

5 2. The.cafriage lifting apparatus according to
claiﬁ l,'wherein said_vibrationédamping deviqe has a
spring éxtended in a compressed state between a spring
shoe on the.liftiné rope si&e and a spring shoe on the
carriage side located above the first-mentioned spring-

10 shoe, aﬁd a damper extended bétween the spring shoe on
the lifting rope side and the spring shoe on the

carriage side.

3. ~ The carriagélliffing apparatus according to
claim 2, wherein upper énd lower ends of said damper are
15 pivotally mounted on the spring shoe on the 1lifting rope

side and the spring shoe on the carriage side.

4, The cérriage lifting apparatus according to
claim 3, wherein a spring constant of séid spring and.
a damping force of said damper are adjusted in

20 consideration of an inertia of the carriage.
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CARRIAGE LIFTING APPARATUS
ABSTRACT OF THE DISCLOSURE

“THIS SHEET HAS BEEN
REPLACED

A V1bratlon-damplng device is lnterposed between
a carriage and a lifting rope.
The vibration-damping device eomprisesfa sp;ing
5 extended in a cempressed state between a'spriﬁg shqe'
on the 1ifting rope side and a epring.Shoe on the<carriage
side located above the fi:et-mentioned_eéring shee,
and a damper exﬁended between the spring shoe on the
lifting rope side and the spring.shoe on'the earriage
10- side, and upper and lower ends of the damper are pivotally
mounted on the spring shoe on the lifting rope side

‘and the spriﬁg shoe on the carriage side.

Figure 4
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rope side and the spring shoe (35) on the carriage side.

Figs. 2 and 4

CARRIAGE LIFTING APPARATUS

A vibration-damping device (23) is interposed between a carriage (16) and a lifting rope (25).
The vibration-damping device (23) comprises a spring (46) extended in a compressed state
. between a spring shoe (38) on the lifting rope side and a spring shoe (35) on the carriage side
located above the first-mentioned spring shoe, and a damper (49) extended between the spring
-shoe (38) on the lifting rope side and the spring shoe (35) on the carriage side, and upper and

lower ends of the damper (49) are pivotally mounted on the spring shoe (38) on the lifting
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